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Bogota, D.C., 16 de noviembre de 2016

Doctor

JOSE LUIS SALAZAR LOPEZ

Director Nuevas Creaciones

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO -SIC-
E. S. D.

REF.: SOLICITANTE: OREXO AB.
TITULO: “COMPOSICION FARMACEUTICA QUE COMPRENDE
MICROPARTICULAS DE BUPRENORFINA Y
NALOXONA PARA EL TRATAMIENTO DE LA
DEPENDENCIA A OPIOIDES”
EXPEDIENTE: 14045641

RESPUESTA AL EXAMEN DE FONDO OFICIO No. 8535

HELENA CAMARGO WILLIAMSON, mayor de edad y vecina de Bogota D.C,, identificada
como aparece al pie de mi firma, en mi condicién de apoderada de la empresa OREXO
AB, respetuosamente me dirijo a usted con el fin de dar respuesta al examen de fondo
dentro del término legal.

1. DE LA SOLICITUD DE PATENTE
1.1. Reivindicaciones

En respuesta a la objecién a la reivindicacion 1 aclaramos que esta es concisa, se
encuentra completamente definido el grupo de disgregantes y el estar definido como
grupo implica que con cualquiera de los compuestos definidos, el efecto logrado es el
mismo. Por lo tanto, la objecién se entiende por superada.

Adicionalmente, se ha modificado el capitulo reivindicatorio como se explica a
continuacidn:

(i) Se ha incluido la relaciéon de dosis para buprenorfina:naloxona (calculada como
las bases libres) de "aproximadamente 4:1" (soportado en la pagina 20, lineas
2 y 7, pagina 16, lineas 23 y 24 de la solicitud PCT), o "4:1 (+ 10%)
”(soportado en la pagina 23, lineas 24 a 30, pagina 19, lineas 24 a 30 de la
solicitud PCT); y
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(ii) Se ha sustituido la frase "aditivo asociativo" por "las microparticulas [separadas]
de buprenorfina y particulas de dcido citrico estdn en contacto [intimo] entre si"
(soportado en la pagina 10, linea 23 a pagina 11, linea 3).

Teniendo en cuenta que las modificaciones realizadas a las reivindicaciones superan las
objeciones del examinador y cumplen con los parametros establecidos en el articulo 34
de la Decisién 486 de la Comunidad Andina, solicito amablemente a ese Despacho se
acepten lasas enmiendas efectuadas, toda vez que superan las objeciones efectuadas y
no amplian el alcance de la divulgacion original.

2. DETERMINACION DEL ESTADO DE LA TECNICA

El examinador consideré que las reivindicaciones 1 a 10 de la solicitud de patente de
invencién no cumplen con el requisito de nivel inventivo, debido a las siguientes
divulgaciones:

, ; Fecha de Reivindicaciones | Requisito que
Item | Documento Titulo Publicacién afectadas se afecta
Suboxone “Summary of product
D1 Tablets Y OlpI » |26/Septiembre/2006 1a10 Nivel Inventivo
characteristics
8mg/2mg
““New non-abusable
pz |W020080684|  pharmaceutical 12/Junio/2008 1a10 Nivel Inventivo
71 composition
comprising opioids”

Después de realizar un andlisis de cada una de las caracteristicas de la reivindicacién 1
de la presente invencion frente a las de los documentos D1 y D2, el examinador concluyé
que dichos documentos afectan el nivel inventivo de la reivindicacion 1.

2.1. Argumentos a favor de la patentabilidad de la invencion.

2.1.1. Invencion reivindicada y Estado de la técnica anterior

Como se indica en la accidn oficial, la reivindicacién principal pendiente de la presente
solicitud define una composicién farmacéutica que comprende:

(a) microparticulas de buprenorfina (en una cantidad especifica en la forma de
dosificacidon (comprimido));

(b) donde las microparticulas de buprenorfina estdn en mezcla asociativa con particulas
de acido citrico separadas;

(c) naloxona (en una cantidad especifica en la forma de dosificacion); y

V)
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(d) un desintegrante seleccionado del grupo reducido: croscarmelosa sédica, almidén
glicolato sédico y PVP reticulado.

El Examinador comienza su analisis con el resumen de las caracteristicas del producto
para comprimidos de Suboxone®, (D1), e indica que este documento describe todas las
caracteristicas que definen la invencion reivindicada, excepto la caracteristica (d).

El Examinador luego combina este documento con el documento WO 2008/068471
(D2), que describe un comprimido de disoluciéon rapida que comprende opioides,
afirmando que este documento cita la caracteristica ausente en D1 (es decir, la
caracteristica (d)).

Como se explica con mas detalle a continuacién, no estamos de acuerdo con la
afirmaciéon del Examinador donde manifiesta que los comprimidos a los que se hace
referencia en el documento D1 comprenden todas las caracteristicas (a) a (c). D1 es la
informacion del producto emitida por, el entonces fabricante de tabletas Suboxone®,
Reckitt Benckiser. Sobre el particular, se aclara que Suboxone® es una tableta
combinada que comprende buprenorfina y naloxona.

D1 se emitié tras la aprobacién de Suboxone® por la Agencia Europea del Medicamento
(EMEA) y contiene poca o ninguna informacién sobre la estructura de esos
comprimidos. A la inversa, el documento adjunto "Scientific Discussion Paper on
Suboxone®”, que fue publicado por la EMEA en 2006 (en adelante" D3"), contiene
considerablemente mas antecedentes e informacion sobre como se fabrica el producto.

2.1.2. Antecedentes de la invencion

Como se indica en el documento D3, en la pagina 1 (segundo parrafo completo), la
buprenorfina es un analgésico opioide que se conoce por su empleo en el tratamiento
del dolor desde hace muchos afios, pero también se aprob6 mas recientemente para el
tratamiento de la dependencia de los opioides.

Como se confirma en la pagina 14, linea 31, a la pagina 15, linea 3 de la solicitud PCT
correspondiente a la presente solicitud colombiana, la buprenorfina es un agonista
parcial al receptor p-opioide. Debido a que sus efectos agonistas opioides son menores
que los efectos maximos de otros agonistas opioides, se produce un grado menor de
dependencia fisica que con otros agonistas opioides, como la heroina, la morfina o la
metadona. Por lo tanto, es particularmente 1util en la terapia de sustitucion de opioides.

Un problema perenne de los analgésicos opioides es la generacién (a menudo sin
intencién) de dependencia fisica y, después de esto, el abuso por parte de personas
dependientes de opioides. La OMS ha estimado que hay al menos 15 millones de
personas adictas a los opioides en todo el mundo.

Como se indica en la solicitud (pagina 2, lineas 25 a 30, solicitud PCT pagina 2, lineas 20
a 24), se usan antagonistas opioides para revertir los efectos farmacolégicos de los
opioides. Los antagonistas opioides selectivos, como la naloxona, se usan para tratar una
sobredosis de narcoticos o para diagnosticar la sospecha de adiccion a los opioides.
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Lo anterior se confirma en el dltimo parrafo de la introduccién de D3. La naloxona tiene
una biodisponibilidad transmucosa deficiente, por lo tanto, si Suboxone® se toma por
via sublingual segun las indicaciones, la pequefia cantidad de naloxona que se absorbe
no interfiere con los efectos deseados de la buprenorfina.

Sin embargo, si un adicto disuelve y se inyecta Suboxona®, el aumento de la
disponibilidad de naloxona a través de la via parenteral trata de antagonizar los efectos
de la buprenorfina, al mismo tiempo que precipita los sintomas desagradables de
abstinencia de opioides en un individuo fisicamente dependiente de los opioides. Como
también se indica en el parrafo de referencia anterior de D3, la adicién de naloxona a
una formulacién sublingual, que contiene buprenorfina, esta destinada a hacer que el
producto sea menos abusivo, al disuadir la inyeccién intravenosa.

Ahora bien, la solicitud (pagina 3, lineas 19 a 21, PCT pagina 3, lineas 8 a 18), cémo se ha
informado con frecuencia, sobre el desvio y el uso ilicito de Suboxone®, especialmente
en poblaciones ocultas, como los drogadictos en prision y activos. Por ejemplo, un
estudio publicado en 2009 mostré que el 100% de las personas que ingresaron al
tratamiento de la adiccion a los opioides con conocimiento de las tabletas de Suboxone®
lo habian desviado (Monte et al, Journal of Addictive Diseases, 28, 226 (2009); se
adjunta como D4).

De hecho, se estima que aproximadamente la mitad de las personas que toman
Suboxone® lo obtienen por desviacion. Por ejemplo, existen estudios que revelan que
aproximadamente la mitad del uso de comprimidos de Suboxone®, en un plan de
atencion administrada, parece estar asociado con el uso de opioides sin receta (Kaur et
al, Journal of Managed Care Pharmacy 14, 186 (2008); se adjunta como D5). Por lo tanto,
hay un gran mercado para la buprenorfina desviada.

Se entiende que la mayoria de los abusos relacionados con la buprenorfina provienen
del Suboxone® desviado en lugar de la droga prescrita, y esto es un problema grave. Las
tendencias en el abuso reportado de buprenorfina en los EEUU muestran que el 92,2%
estaba involucrado con Suboxone® (ver Smith et al, Journal of Addictive Diseases, 26, 107
(2007); adjunto como D6).

Adicionalmente, se predice que las tasas de abuso y desviacion de Suboxone®
aumentaran con el uso incrementado de la droga (ver, por ejemplo, Stimmel, Journal of
Addictive Diseases, 26, 1 (2007); adjunto como D7).

2.1.3. Ventajas de la presente invencion

(1) Resultados sorprendentes- Biodisponibilidad mejorada de la Buprenorfina

Como se indica en la solicitud PCT (p.ej. pagina 20, lineas 6 a 15) las composiciones de la
invencién dan lugar sorprendentemente a una biodisponibilidad significativamente
mejorada de la buprenorfina en comparaciéon con las formulaciones disponibles
comercialmente del estado de la técnica.

Esto se demuestra en el ensayo clinico descrito en el Ejemplo 2 de la presente solicitud,
que es una comparacion directa entre una composicion de la invencion, formulada de
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acuerdo con las reivindicaciones, y comprimidos de Suboxone®. Se encontré que la
formulacién reivindicada logra una biodisponibilidad para la buprenorfina que es 1.66
veces mayor que la obtenida con Suboxone®.

Para ubicar este resultado en un contexto apropiado, debe tenerse en cuenta que la
biodisponibilidad reportada de la buprenorfina, en una solucién de etanol administrada
por via sublingual, es solo aproximadamente 1.5 veces mayor que para los comprimidos
de Suboxone® (ver Compton et al, Drug and Alcohol Dependence, 82, 25 (2006); adjunto
como D8).

Por lo tanto, la biodisponibilidad relativa indicada en la presente solicitud para un
comprimido sublingual sé6lido de la invencidn, fue incluso mayor que la reportada para
una solucién, donde las condiciones se optimizan tedricamente para una rapida
absorcion sobre la mucosa sublingual.

(2) Beneficios clinicos - Menos desviacion que en el estado de la técnica

Ademas de ser un resultado sorprendente en si mismo, esta biodisponibilidad mejorada
da lugar a un verdadero beneficio clinico y social al proporcionar una solucién al
problema de la desviacién, como se mencioné anteriormente.

En particular, permite la provisién de un comprimido, comercializado y aprobado por la
FDA en los EEUU, que contiene una dosis de buprenorfina que es aproximadamente el
75% de la de la formulacion de la técnica anterior (Zubsolv®; http://orexo.com/en /
productos / zubsolv /). Esto representa una mejora significativa, dado que reduce la
cantidad de opioide adictivo que esta presente en la formulacién.

Esta cantidad mas baja no solo reduce la cantidad de opioides peligrosos que estan en
circulacion, sino que también reduce inevitablemente la cantidad que un individuo
adicto a los opioides puede colocar en una sola formulacién del comprimido (es decir, su
valor de "calle"). Como se indic6 anteriormente y en D3, cuando los adictos abusan de
estas formulaciones, a menudo se disuelven o dispersan para su administracién por
inyeccion. En tal situacién, si un comprimido comprende el 75% de la dosis de opioide,
el valor de "calle" se reduce:

(i) en primer lugar, porque el comprimido simplemente no puede dar el mismo
efecto euforico que un comprimido con una dosis mas alta; y

(i)  en segundo lugar, porque, para lograr el mismo efecto, se requieren mas
comprimidos, lo que ciertamente es mas inconveniente y potencialmente mas
costoso para el adicto.

Los comprimidos de la presente invencion son, por lo tanto, menos susceptibles a ser

desviados y a su abuso que las formulaciones de la técnica anterior, tales como
Suboxone®.

(3) Resultados sorprendentes — Biodisponibilidad equivalente mejorada de Naloxona
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El ensayo clinico, descrito en el Ejemplo 2 de la presente solicitud, muestra que en las
composiciones de la invencién se mejora inesperadamente no sélo la absorcién de
buprenorfina, sino también, de manera proporcional, la absorciéon de naloxona (véase
también la pagina 20, lineas 17 a 28 de la solicitud PCT, originalmente presentada).

Es sorprendente en si mismo que las composiciones de la invencion cambien la
biodisponibilidad tanto de la naloxona como de la buprenorfina, no solo de la misma
manera, sino también en el mismo grado, cuando se toman segun lo previsto (es decir,
via sublingual). Los dos compuestos tienen diferentes propiedades fisicoquimicas, como
los valores de pKa y las solubilidades acuosas, y, por tanto, este no es un resultado que el
experto pudiera esperar.

(4) Beneficios clinicos - Mantenimiento de la proporcién de dosis 4:1

El aumento correspondiente en la biodisponibilidad para ambos ingredientes activos
tiene un beneficio clinico, ya que se ha encontrado que las composiciones de la invencion
son inesperadamente capaces de mantener la proporcion de 4:1 de
buprenorfina:naloxona que esta presente en Suboxone®.

La proporcion 4:1 de la dosis a la que se llegé durante el desarrollo de Suboxone®
representa la proporcién o6ptima de buprenorfina/naloxona para evitar el abuso
(consultar la pagina 20, lineas 22 a 28 de la solicitud PCT, y Mendelson y Jones,
dependencia de drogas y alcohol, 70, 829 (2003); adjunto como D9).

Larelacion 4: 1 asegura que:

(a) si se inyecta la formulacién, se dispone de suficiente naloxona para contrarrestar
los efectos de la buprenorfina;

(b) cuando la formulacién se administra por via sublingual, segiin lo prescrito, la
cantidad de naloxona que estad presente no interfiere con los efectos deseados de
la buprenorfina, y también evita eventos adversos, como la precipitacion de la
abstinencia de opioides, que puede dar lugar a elevaciones marcadas en ritmo
cardiaco y presion arterial.

2.1.4. La presente invencion es inventiva

(A) La combinacién de D1 y D2 no conduce de forma obvia a la presente invencion.

Si se parte de los comprimidos de Suboxone® a las que se hace referencia en el
documento D1 (o, mas apropiadamente, la descripcién mas detallada del documento D3,
que explica qué son esos comprimidos), como se menciond anteriormente, la invencion
reivindicada proporciona una buprenorfina mejorada resistente al abuso y un
comprimido sublingual que contiene naloxona que es util en el tratamiento de, por
ejemplo, dependencia a los opioides.

También es evidente, a partir de la discusién anterior y de la solicitud presentada, que

este problema se ha resuelto en la presente invencién mediante la mejora de la
biodisponibilidad y una mejor resistencia a la desviacién y/o abuso.

6
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La presente solicitud ensefia que este beneficio se logra cuando las microparticulas de
buprenorfina se mezclan de manera asociativa con particulas de acido citrico,
poniéndolas en contacto entre si, cuando se presentan junto con los otros constituyentes
definidos en la reivindicacion principal.

El producto de referencia, como se describe en D1 y D3, no comprende tal disposicién
espacial de particulas individuales especificas. En cambio, D3 ensefia que Suboxone® se
produce a través de un proceso que incluye un paso de granulaciéon humeda (consultar
la seccion "Proceso de fabricacion” al pie de la pagina 4).

El fabricante de Suboxone®, Reckitt Benckiser, publicd una solicitud de patente poco
después de la publicacién de D3 (documento WO 2008/152347; adjunto como D10).

El D10 brinda un poco mas de detalle que el D3 sobre el proceso que el fabricante de
Suboxone® empled para elaborar sus productos que contienen buprenorfina. Se puede
ver que el proceso descrito en la pagina 8, lineas 10 a 22, de D10, que es el empleado
para fabricar un producto comercial relacionado, Subutex®, contiene los mismos
excipientes inertes que los enumerados en D3 en la pagina 4.

En lugar de referirse a "mezcla simple, granulacién htimeda y compresién" como en D3,
D10 proporciona mas detalles, lo que hace que sea ain mas claro que el proceso no
puede garantizar que las microparticulas de buprenorfina se pongan en contacto con
particulas que comprenden acido citrico en la formulacién final.

En la pagina 8 de D10 se indica que la etapa de granulacién himeda consiste en disolver
clorhidrato de buprenorfina y acido citrico en una solucion de agua-etanol, soluciéon que
luego se usa en el proceso de granulacién humeda.

Exactamente la misma etapa de co-disolucion, en la que la buprenorfina se co-disuelve
con acido citrico, también se emplea en el proceso de granulacién hiumeda (como se
menciona en D3) mediante la cual se fabrican los comprimidos de Suboxone®.

Sostenemos que este paso de co-disolucién da como resultado que la buprenorfina y el
acido citrico estén en la misma particula en la formulacion final. Se deriva por tanto
claramente que el proceso de D10 no da lugar a microparticulas discretas de
buprenorfina y particulas de acido citrico en contacto entre si en la formulacidn final.

El producto obtenido en un proceso depende de la naturaleza de los ingredientes
primarios que se utilizan y del proceso de fabricacion de la formulacion. Si no se parte
de ingredientes particulados, y/o la naturaleza de esos ingredientes particulados no se
conserva durante la fabricacion, no habra particulas relevantes en el producto.

En la presente solicitud, al experto se le sugiere que opere un proceso de mezcla
asociativa para obtener un producto en el que exista una disposicidn espacial especifica
de particulas especificas en el producto en particulas definido, a saber, microparticulas
de buprenorfina en contacto con particulas de acido citrico. Al experto, en D1/D3, no se
le dice ni sugiere que haga esto y, por lo tanto, no llegaria de forma obvia a dicho
producto.
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En consecuencia, las caracteristicas clave de las reivindicaciones de la presente
invencién no se mencionan en D1/D3, concluyendo que, su combinaciéon con D2, donde
Unicamente se hace mencidn a los disgregantes, no llevaria en ningun caso a la invencion
reivindicada.

(B) La presente invencién da lugar a ventajas inesperadas

Como hemos defendido anteriormente, la combinacion reivindicada de las
caracteristicas individuales que forman la presente invencién no esta divulgada por la
combinacién de documentos citados por el Examinador, y precisamente es esta
combinacién de caracteristicas las que juntas dan lugar a la biodisponibilidad mejorada
discutida anteriormente.

Cuando el solicitante llevo a cabo la presente invencion, no habia disponible ninguna
informacion sobre el alcance de la biodisponibilidad mejorada. Después de todo, como
se menciond anteriormente, el producto de referencia, Suboxone®, también incluia
tanto buprenorfina como acido citrico.

La farmacocinética de la absorcidon de farmacos es un campo complejo de estudio. De
hecho, se han escrito libros de texto completos sobre el tema, pero, en esencia, la
"biodisponibilidad” de una sustancia farmacoldgica depende de maultiples factores, que a
menudo compiten entre si.

Un farmaco sélo puede ser absorbido a través de la superficie de la mucosa si esta en
solucion y, en ese caso, influir en la velocidad de disolucién puede tener un efecto. Sin
embargo, la permeabilidad de una sustancia farmacolégica a través de una superficie de
la mucosa (en el presente caso, la mucosa sublingual) es igualmente importante, si no
mas.

La permeabilidad de una sustancia farmacolégica puede verse afectada por multiples
factores, incluida la naturaleza de la propia molécula del farmaco (hidrofilicidad frente a
lipofilicidad, tamafio de la molécula, etc.), el grado de ionizacién, la presencia de
potenciadores de la permeacion, el entorno local en el sitio de absorcién (p. €j., pH,
cantidad de liquido, la presencia de otros materiales quimicos o enzimas), la unién del
farmaco a los excipientes o tejidos de la formulacion, el flujo sanguineo local y otros.

En el caso de formulaciones sublinguales, como la de la presente invencion, la situaciéon
es aun mas complicada. Una vez que un medicamento se disuelve (y, por lo tanto, se
presenta en la superficie de la mucosa sublingual en una forma adecuada para la
absorcion), puede tomar dos caminos. Se puede absorber localmente a través de la
mucosa o se puede lavar con saliva y tragar. Estos son los dos procesos cinéticos
competitivos esenciales que ocurren inevitablemente, y el equilibrio entre las tasas a las
que ocurren estos procesos tiene un efecto directo (en ultima instancia) sobre la
biodisponibilidad.

Si una sustancia farmacolégica no se absorbe facilmente a través de la mucosa
sublingual, la deglucion puede conducir a una reduccion de la biodisponibilidad. En el
caso de un medicamento como la buprenorfina, que tiene una biodisponibilidad
deficiente cuando se administra por via gastrointestinal, ya que sufre un metabolismo
significativo de primer paso en el tracto gastrointestinal y en el higado (ver, por ejemplo,
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Cassidy et al, Journal of Controlled Release, 25, 21 (1993), primer parrafo de
"Introduccion”; copia adjunta como D11), conducira a una reduccién de la
biodisponibilidad.

Algo que ilustra de manera muy efectiva el punto sobre los posibles procesos
competitivos en el presente caso, es el hallazgo, mencionado anteriormente, de que la
biodisponibilidad relativa para la invencién reivindicada, un comprimido sublingual
solido, en el cual la disolucion debe tener lugar después de la administracién sublingual,
en realidad fue mas alta que el reportado para una solucién (ver D8).

(C) La combinacién de las caracteristicas reivindicadas es contraintuitiva

Repetimos que las diferencias entre la invencion reivindicada y el estado de la técnica
citado y el documento D1/D3 son que este ultimo no revela:

(a) microparticulas de buprenorfina

(b) que las microparticulas se mezclan asociativamente (en contacto) con particulas
que comprenden acido citrico;

(c) Cualquiera de los disgregantes reclamados.

No hay nada en los documentos de la técnica anterior citados por el examinador, solos o
en combinacién, que sugieran la provision de la combinaciéon de caracteristicas
reivindicada, que dé lugar a las ventajas inesperadas mencionadas anteriormente.

También afirmamos que la combinacién de caracteristicas reivindicada no se sugiere en
la técnica anterior (citada por el examinador o de otra manera) porque, en todo caso, se
esperaria una combinacién con una biodisponibilidad inferior.

Como se mencion6 anteriormente, las limitaciones a la permeabilidad de la mucosa
sublingual significaran que la presentacion rapida de buprenorfina en estado disuelto
debajo de la lengua aumentara la probabilidad de que se ingiera y se "inactive", en lugar
de que se absorba.

Ademas, como se discutid en, por ejemplo, pagina 29 lineas 19 a 30 a pagina 30 lineas 1
a 6 (pagina 24, lineas 12 a 26 de la solicitud PCT tal como se presento), se sabe que la
buprenorfina es mas soluble a pH mas bajos. Por lo tanto, el experto esperaria que la
reduccion del pH con la inclusién de, por ejemplo, un acido débil, como el acido citrico,
resultara en una mayor disoluciéon del fAirmaco debajo de la lengua, lo que podria
exacerbar el problema mencionado anteriormente. Ciertamente, en ningin caso se
esperaria que la absorcion mejorara.

Mas importante aun, con referencia a la discusién anterior sobre los factores que afectan
la biodisponibilidad, la disminucién del pH tendra el efecto opuesto sobre la
permeabilidad de la buprenorfina (es decir, el grado de absorcién). Como se discutié en
el parrafo mencionado anteriormente de la presente solicitud, disminuir el pH sirve para
poner a la buprenorfina mas en su estado ionizado, que es una forma en la que no es
permeable. Claramente, si hay mas buprenorfina en una forma en la que no sera
absorbida durante el corto tiempo en que se encuentra en el espacio sublingual, se
tragara mas, lo que dara como resultado una absorcién aiin menor.

9
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Por lo tanto, no hay razén para combinar las ensefianzas del estado de la técnica acerca
del uso de agentes reductores del pH, como el acido citrico, tal y como se describe en
relaciéon con el comprimido de buprenorfina sublingual Suboxone® (como se describe
en D1 y / o D3), con las ensefianzas relacionadas con un comprimido de rapida
desintegracion (como se describe, por ejemplo, en D2).

Por todos estos motivos, afirmamos que, en la fecha de prioridad de la presente
solicitud, el experto en la materia esperaria que dicha combinaciéon produjera una
disminucién de la biodisponibilidad de la buprenorfina debido al aumento de la
deglucion. Ciertamente, no hay una expectativa razonable de que tal combinacién
incremente exitosamente la biodisponibilidad, como se observé inesperadamente para
la invencioén reivindicada.

(D) Posible explicacion para los resultados inesperados de la presente invencidn.

Con referencia a lo anterior, afirmamos que es la disposicién de las particulas de acido
citrico y las particulas de buprenorfina entre si, en combinacidn con otros ingredientes
esenciales de la invencion reivindicada, lo que contribuye al aumento de la
biodisponibilidad. La mera presencia de acido citrico en una tableta de buprenorfina no
explica nada (de lo contrario no habria una mejora en la biodisponibilidad respecto al
Suboxone®, que también contiene buprenorfina y acido citrico).

La prueba descrita en el Ejemplo 5 de la presente solicitud fue disefiada por el
solicitante después de haber realizado y probado clinicamente la invencion reivindicada
en seres humanos (ver Ejemplo 2). El solicitante hizo esto porque no tenia una
explicacion para la mejora de la biodisponibilidad que vio en su primer estudio
farmacocinético.

En primer lugar, se realizé un experimento in vivo en el que se coloc6 una sonda de pH
debajo de la lengua. Este experimento, que se describe en el Ejemplo 4 de la presente
solicitud, control6 el pH debajo de la lengua durante el corto periodo de tiempo de
residencia en el que el comprimido estuvo en el espacio sublingual.

Se observé un perfil de pH distintivo para comprimidos de la invencién reivindicada.
Después de la administracién, el pH sublingual primero bajé muy rapidamente a un
cierto valor y luego se recuperd rapidamente a valores neutros por la capacidad natural
de amortiguacion de la saliva (consultar la Figura 4 de la presente solicitud).

Tras esta observacion, la prueba in vitro del Ejemplo 5 se disefié principalmente en un
intento de imitar el entorno sublingual en el laboratorio. Los detalles del experimento se
describen en el Ejemplo 5, pero se gotea esencialmente tampodn fosfato con un pH de 6.8
(imitando la saliva) en una tableta colocada en un filtro sinterizado en un embudo de
vidrio. Los cambios en el pH a la salida del embudo se midieron con el tiempo. La
disolucion de buprenorfina también se analizé durante el mismo periodo de tiempo.

Al realizar esta prueba in vitro en comprimidos de la invencion reivindicada, el
solicitante observé el mismo perfil de pH distintivo para los comprimidos de la
invencién reivindicada (ver Figuras 5 y 8 de la presente solicitud) que se habia
observado in vivo. Esto se puede ver comparando las curvas caracterizadas por



POSSE
HERRERA
RUIZ @@

cuadrados blancos y cruces (resultados in vitro) con la linea discontinua (resultados in
vivo) en la Figura 5.

Mas importante aun, este perfil de pH fue completamente diferente al observado en la
misma prueba para comprimidos Suboxone® (triangulos blancos en la Figura 5).

Con referencia a, por ejemplo, pagina 29 lineas 19 a 30 a pagina 30 lineas 1 a 6 (pagina
24, lineas 12 a 26 de la solicitud PCT tal como se presentd), tal como se presentd, y sin
estar limitado por la teoria, se cree que este perfil de pH dindmico podria proporcionar
una explicacion de la mejora inesperada de la biodisponibilidad que se observo
clinicamente en el Ejemplo 2.

En la farmacocinética, el flujo a través de la superficie de la mucosa estd determinado,
entre otras cosas, por:

(a) la concentracién de farmaco disuelto; y
(b) La permeabilidad de ese medicamento en esa superficie

Se sabe que la buprenorfina es mas soluble a pH mas bajos y, por lo tanto, la caida inicial
del pH da como resultado una mejor disolucion del farmaco, lo que da como resultado
una alta concentracion de farmaco disuelto.

Sin embargo, este pH bajo también sirve para poner mas buprenorfina en su estado
ionizado, que es una forma en la que no es permeable. Es el rapido retorno del pH a
valores casi neutros lo que pondra estas altas concentraciones de farmaco en la mucosa
sublingual en la forma no ionizada y permeable.

Se cree que es esta secuencia de eventos, que tiene lugar dentro de un corto periodo de
tiempo (es decir, antes de que ocurra una ingestién significativa), lo que da como
resultado una biodisponibilidad mejorada para la invencion reivindicada.

El perfil de pH para Suboxone® es bastante diferente durante el mismo periodo de
tiempo. Aqui, una menor caida en el pH resulta en una menor disolucién (y por lo tanto
una concentracién mas baja) de buprenorfina debajo de la lengua. Igualmente, no hay un
cambio posterior en el pH que haga retroceder el equilibrio para favorecer la forma no
ionizada, en la que la buprenorfina puede pasar a través de la membrana mucosa.

Aunque hay cierta absorcién de buprenorfina a través de la mucosa sublingual de
Suboxone®, se cree que su propio perfil de pH distintivo es lo que conduce a la
biodisponibilidad inferior observada en comparacién con la invencion.

El solicitante cree, basdndose en los resultados descritos en la presente solicitud, que es
la presentacion de la buprenorfina y el acido citrico en la misma particula en la
formulacién del comprimido final, resultante del proceso de granulacion himeda
descrito en D3 y D10, lo que da lugar al perfil de absorcién inferior en Suboxone®, en
comparacion con la invencion reivindicada.

En conclusion, la Reivindicacién 1, y todas las reivindicaciones que dependen de ésta,
son claramente novedosas e inventivas a la luz del estado de la técnica citado.
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En vista de los argumentos anteriormente expuestos, se concluye que la materia objeto
de la presente solicitud cumple con los requisitos de patentabilidad, en especial el
de nivel inventivo.

De otra parte, sea entonces oportuno indicar que el Tribunal de Apelaciones del Circuito
Federal de los Estados Unidos ha confirmado recientemente la patentabilidad de las
reivindicaciones presentadas en aquel pais, que tienen esencialmente el mismo alcance
que las reivindicaciones de la presente solicitud en Colombia.

3. Después de haber dado respuesta a las objeciones presentadas por la
Superintendencia de Industria y Comercio solicito de manera respetuosa se otorgue el
privilegio de patente de invencion en este caso, teniendo en cuenta que esta cumple con
los requisitos de patentabilidad establecidos en la Decisién 486.

Del Sefior Director,

POSSE HERRERA RUIZ

‘G’\‘fm\de(lm/l

HELENA CAMARGO WILLIAMSON
C.C35.455.268 de Bogota
T.P.76.985

Anexos: Formulario Modificaciones
Reivindicaciones en control de cambios
Reivindicaciones en limpio
D3 - Scientific Discussion Paper on Suboxone®, EMEA (2006)
D4 - Monte et al, Journal of Addictive Diseases, 28, 226 (2009)
D5 - Kaur et al, Journal of Managed Care Pharmacy 14, 186 (2008)
D6 - Smith et al, Journal of Addictive Diseases, 26, 107 (2007)
D7 - Stimmel, Journal of Addictive Diseases, 26,1 (2007)
D8 - Compton et al, Drug and Alcohol Dependence, 82, 25 (2006)
D9 - Mendelson and Jones, Drug and Alcohol Dependence, 70, 829 (2003)
D10 - WO 2008/152347
D11 - Cassidy et al, Journal of Controlled Release, 25, 21 (1993)
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REIVINDICACIONES

1. Una composicion farmacéutica que comprende microparticulas de
buprenorfina, o una sal farmaceuticamente aceptable de la misma, en una
cantidad en la composicion comprendida entre 0.1 mg y 50 mg, en—mezela
aseoeiativa—eon—particulas que comprenden acido citrico, naloxona, o una sal
farmacéuticamente aceptable de la misma, en una cantidad en la composicion
comprendida entre 0.125 mg y 12.5 mg, y un disgregante seleccionado de
croscarmelosa sodica, glicolato de almidon sadico, polivinilpirrolidona reticulada

0o una mezcla de los mismos, donde la proporcion de la dosis de

buprenorfina:naloxona es de aproximadamente 4:1 (calculada como bases

libres) v donde las microparticulas de buprenorfina y las particulas que

comprenden acido citrico estan en contacto intimo entre si.

2. Una composicion de acuerdo con la reivindicacion 1, en la que las
microparticulas de buprenorfina tienen un diametro medio en base al peso

inferior a 15 pum.

3. 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.

4. Una composicion de acuerdo con la reivindicacion 3, en la que las
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particulas vehiculo son de un tamafio que esta entre 100 y 800 pm.

5. Una composicién de acuerdo con la reivindicacion 3 o la reivindicacion

4, en la que las particulas vehiculo son hidrosolubles.

6. Una composicion de acuerdo con una cualquiera de las

reivindicaciones 3 a 5, en la que las particulas vehiculo comprenden manitol.

7. Una composicion de acuerdo con una cualquiera de las
reivindicaciones 3 a 6, en la que las particulas de acido citrico, se presentan y

actuan como particulas vehiculo.

8. Una composicion de acuerdo con una cualquiera de las
reivindicaciones precedentes, que esta en forma de un comprimido adecuado

para administracion sublingual.

9. Un procedimiento para la preparacion de una composicion como se ha
definido en una cualquiera de las reivindicaciones 3 a 8, que comprende
mezclar en seco las particulas vehiculo con buprenorfina o una sal de la

misma.

10. Un procedimiento para la preparaciéon de un comprimido sublingual

como se ha definido en la reivindicaciéon 8, que comprende comprimir o



compactar directamente una composicion como se ha definido en una

cualquiera de las reivindicaciones 1 a 7.
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REIVINDICACIONES

1. Una composicion farmacéutica que comprende microparticulas de
buprenorfina, o una sal farmaceuticamente aceptable de la misma, en una
cantidad en la composicion comprendida entre 0.1 mg y 50 mg, particulas que
comprenden acido citrico, naloxona, o una sal farmacéuticamente aceptable de
la misma, en una cantidad en la composicion comprendida entre 0.125 mg y
12.5 mg, y un disgregante seleccionado de croscarmelosa sddica, glicolato de
almidon saodico, polivinilpirrolidona reticulada o una mezcla de los mismos,
donde la proporcion de la dosis de buprenorfina:naloxona es de
aproximadamente 4:1 (calculada como bases libres) y donde Ilas
microparticulas de buprenorfina y las particulas que comprenden acido citrico

estan en contacto intimo entre si.

2. Una composicion de acuerdo con la reivindicacion 1, en la que las
microparticulas de buprenorfina tienen un diametro medio en base al peso

inferior a 15 pum.

3. 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.

4. Una composicion de acuerdo con la reivindicacion 3, en la que las

particulas vehiculo son de un tamafio que esta entre 100 y 800 pm.
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5. Una composicién de acuerdo con la reivindicacion 3 o la reivindicacion

4, en la que las particulas vehiculo son hidrosolubles.

6. Una composicion de acuerdo con una cualquiera de las

reivindicaciones 3 a 5, en la que las particulas vehiculo comprenden manitol.

7. Una composicion de acuerdo con una cualquiera de las
reivindicaciones 3 a 6, en la que las particulas de acido citrico, se presentan y

actuan como particulas vehiculo.

8. Una composicion de acuerdo con una cualquiera de las
reivindicaciones precedentes, que esta en forma de un comprimido adecuado

para administracion sublingual.

9. Un procedimiento para la preparacion de una composicion como se ha
definido en una cualquiera de las reivindicaciones 3 a 8, que comprende
mezclar en seco las particulas vehiculo con buprenorfina o una sal de la

misma.

10. Un procedimiento para la preparaciéon de un comprimido sublingual
como se ha definido en la reivindicaciéon 8, que comprende comprimir o
compactar directamente una composicion como se ha definido en una

cualquiera de las reivindicaciones 1 a 7.



SCIENTIFIC DISCUSSION
1. Introduction

Drug addiction is a worldwide problem of which opioid dependence, notably heroin addiction, is a
major component. Most addicts inject drugs, quite often with dirty or shared syringes and needles and
this behaviour is linked directly with the transmission of human immunodeficiency virus (HIV) and
the hepatitis viruses. A key aim of treatment programs for opioid drug dependence is to stop the
subjects from injecting drugs. Substitution is the treatment approach for opioid dependence in which
street heroin of unknown strength and purity is replaced with a pharmaceutical grade opioid with a
longer duration of action, such as buprenorphine.

Buprenorphine is a well-known substance available in several European countries for the treatment of
severe pain. For the treatment of opioid dependence it was first approved in 1995 (France) and is
currently available in most European countries. Buprenorphine has lower intrinsic activity than
methadone and other full agonists, produces less sedation and cognitive impairment, and has a ceiling
on potential depressant effects, even if injected, particularly on cardiac and respiratory functions.
Sublingual buprenorphine (marketed as Buprenorphine alone) is an established substitution treatment
for opiate abuse, but there has been some diversion to the intravenous route because buprenorphine
produces a moderate opiate agonist effect. Thus, in the opinion of the applicant, there is a need for a
formulation of buprenorphine that has low potential for intravenous misuse.

SUBOXONE is a fixed combination product for chronic substitution therapy in opiate dependence
consisting of buprenorphine and naloxone formulated into a sublingual tablet containing
buprenorphine and naloxone in the ratio 4:1 of the bases.

The claimed indication for SUBOXONE is substitution treatment for opioid drug dependence,
within a framework of medical, social and psychological treatment. The intention of the
naloxone component is to deter intravenous misuse. As requested by the CHMP, treatment is
intended for use in adults and adolescents over 15 years of age who have agreed to be treated for
addiction.

The product is intended as a “take home™ medication presented in two strengths:

1. Buprenorphine 8 mg + naloxone 2 mg sublingual tablet
2. Buprenorphine 2 mg + naloxone 0.5 mg sublingual tablet.

The combination of an opioid antagonist with a potent p-opioid analgesic is an established strategy for
reducing the potential for intravenous misuse. Naloxone is a well-known opioid antagonist. As a
mono-substance it is indicated for the treatment of opioid-overdosage or —intoxication. When
administered in usual doses to patients who have not recently received opioids, naloxone exerts little
or no pharmacologic effect. In patients who have received large doses of opioids, naloxone
antagonises most of the effects of the opioid. The addition of naloxone to buprenorphine is intended to
render the product less abusable by deterring intravenous injection.

2. Quality aspects
Introduction

Suboxone is presented as sublingual tablets containing a fixed dose combination of buprenorphine '
hydrochloride and naloxone hydrochloride dihydrate, at a ratio of 4:1, with respect to the free bases.
Suboxone is available in two strengths:

e 2 mg /0.5 mg tablets containing 2.16 mg buprenorphine hydrochloride (equivalent to 2 mg
buprenorphine base) and 0.61 mg naloxone hydrochloride dihydrate (equivalent to 0.5 mg
naloxone base).
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» 8 mg / 2 mg containing 8.64 mg buprenorphine hydrochloride (equivalent to- 8 mg
buprenorphine base) and 2.44 mg naloxone hydrochloride dihydrate (equivalent to 2 mg
naloxone base).

The excipients used in this formulation are lactose monohydrate, mannitol, maize starch, povidone
K30, citric acid anhydrous granular, sodium citrate, natural lemon and lime flavour, acesulfame
potassium and magnesium stearate. Suboxone is administered via the sublingual route and is packed in
nylon/aluminium/PVC blister packs containing either 7 or 28 tablets.

Active Substance 1. (Buprenorphine hydrochloride)

Buprenorphine hydrochloride is an established active substance and the subject of a monograph in the

Ph. Eur.

Buprenorphine hydrochloride is desxgnated chemically as (28)-2-[17-Cyclopropylmethyl-4,50~-epoxy-
3-hydroxy-6-methoxy-60., 14-ethano-14a-morphinan-7a.-yl]-3,3-dimethylbutan-2-0l ~ hydrochloride

and its chemical structure is as follows: :

Buprenorphme hydrochlonde is a white or almost white, crystalline powder, sparingly soluble in
water, freely soluble in methanol, soluble in alcohol practically insoluble in cyclohexane.
Buprenorphine has several chiral centres and it is therefore optically active,

The potential for polymorphism was investigated using powder X-Ray diffraction and Differential
Scanning Calorimetry (DSC) techniques. The results. showed that there is no evidence for
polymorphism.

e Manufacture

Buprenorphine hydrochloride is synthesized from thebaine. The structure has been confirmed by
elemental analysis, spectroscopic analysis (UV, IR, NMR and MS) and X-Ray crystallography. The
stereochemistry of the intermediates and the final active substance was investigated using X-ray
crystallography and NMR spectroscopy. The absolute configuration was confirmed at different stages
during the synthesis.

e Specification

The spec1ﬁcat10n of the active substance includes physical description, visual 1nspect10n of the
appearance in solution, assay by titration and by HPLC, specific optical rotation, acidity or alkalinity
and related substances (HPLC). Additional tests performed are as follows: control for water content
using the Karl Fisher method and residue on ignition, residual solvent, ionic chloride and particle size.

The analytical methods used were those described in the PhEur. Monograph, one major exception
being the determination of related substances. The HPLC method for determination of related
impurities uses specific impurity markers. It allows detection and quantitation of the five major
impurities specified, whereas using the method described in the Ph. Eur. only two of the impurities can
be detected. In addition, the acceptance criteria set for each specified impurity is more stringent than
the limits mentioned in Ph. Eur. monograph. The maximum limit for total related impurities is also
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more stringent than that mentioned in the current Ph. Eur. Monograph. All analytical methods have
been validated according to the ICH guideline on “Validation of Analytical methods”.

Batch analysis data was provided for 23 batches of buprenorphine hydrochloride manufactured
following the proposed synthetic method. The results showed that the active substance can be
reproducibly manufactured.

o Stability

The stability of buprenorphine hydrochloride was investigated in 3-production scale batches stored in
the proposed packaging according to the ICH guideline. Stability studies were performed under long
term and intermediate ICH conditions for 156 weeks, and accelerated ICH conditions for 52 weeks.
An additional study was performed using a larger scale production batch. In this study the stability
studies were performed under long-term and intermediate conditions for 52 weeks and accelerated
conditions for 39 weeks. The results obtained demonstrate that buprenorphine hydrochloride remains
physically and chemically stable for 52 week at long-term and intermediate conditions and 26 weeks
at accelerated conditions.

The data provided is sufficient to confirm the proposed re-test period.
Active Substance 2. (Naloxone hydrochloride dihydrate)

Naloxone hydrochloride dihydrate is an established active substance and the subject of a monograph
in the Ph. Eur. Naloxone hydrochloride dihydrate is designated chemically as Morphinan-6-one, 4,5-
epoxy-3, 14-dihydroxy-17-(2-propenyl)-, hydrochloride, (5a)-dihydrate. Its chemical structure is as
follows:

Naloxone hydrochloride dihydrate is a white or almost white crystalline powder, hygroscopic, soluble
in water and alcohol, practically insoluble in ether. The pKa of Naloxone hydrochloride dihydrate is
7.94 at 20°C and the melting point is 200-205°C.

e  Manufacture

Naloxone hydrochloride is synthesised from noroxymorphone. The assigned structure of naloxone
hydrochloride dihydrate is supported by the evidence of IR spectrophotometry, and by 'H-NMR and
BC-NMR spectrometry.

Naloxone hydrochloride dihydrate contains four chiral centres, all of which are already present in the
starting material of the synthesis, noroxymorphone, which is derived from natural opiates.

The possibility of polymorphism was investigated by standard techniques. The results showed that all
batches exhibited the same morphic form.

*  Specification

Naloxone hydrochloride dihydrate is tested for compliance with both PhEur. and USP monographs by
the active substance manufacturer. These tests include physical description, identification by IR, TLC
and chloride, specific optical rotation, loss on drying, Noroxymorphone hydrochloride and other
impurities by TLC, chloride content, appearance of solution, acidity or alkalinity, related substances
by HPLC, water content, sulphated ash and assay by titration. The specification also includes some
additional non-pharmacopoeial tests (a stability-indicating HPLC method for assay and related
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substances, UV identification, sieve analysis and the melting range of naloxone base). The stability-
indicating HPLC assay has been fully validated and was shown to have satisfactory linearity,
precision, accuracy and ruggedness. The peak area of naloxone decreases and degradation products are
observed in samples exposed to stress conditions, confirming that the assay is stability-indicating.

Five batches of naloxone hydrochloride were manufactured using the proposed synthetic method. The
results indicate that every batch complied with the limits for related substances.

e  Stability

The stability of naloxone hydrochloride was investigated in 12 batches stored in the proposed
packaging according to the ICH guideline. Stability studies were performed under long term,
intermediate and accelerated ICH conditions for up to 60 months. No marked evidence of instability
was revealed under any of the storage conditions and the proposed re-test period appears to be
justified on the basis of the stability data presented.

Medicinal Product

e Pharmaceutical Development

Suboxone was developed in order to deliver a similar dose of buprenorphine compared to
buprenorphine alone tablets (medicinal product containing buprenorphine that is authorised in the EU
for the treatment of opioid addiction), but reducing the potential for intravenous abuse. Naloxone, an
opiate antagonist, has poor bioavailability when administered by the sublingual route and
consequently when Suboxone is taken sublingually it shows only the required effects of
buprenorphine and delivers the same performance as an equivalent dose of buprenorphine alone
tablets. However, if abused intravenously by an opiate-dependent subject, the antagonist effects of
naloxone become apparent first as intense withdrawal symptoms followed by the attenuated agonist
effects of buprenorphine.

Therefore the Suboxone formulation is closely based on the formulation of buprenorphine alone
sublingual tablets but with naloxone added to reduce the potential for abuse by the intravenous route.
A buprenorphine to naloxone ratio of 4:1 contains sufficient naloxone to produce opiate antagomnist
effects following intra-venous administration, but does not impair the effectiveness of buprenorphine
when the mixture is taken by the sublingual route.

The excipients used in Suboxone are qualitatively and quantitatively identical to those used in the
existing buprenorphine alone sublingual tablets, i.e., lactose monohydrate, mannitol, maize starch,
povidone K30, citric acid anhydrous, sodium citrate and magnesium stearate. Acesulfame potassium
and natural lemon and lime flavour (sweetener_and flavouring agents, respectively) were included to
disguise the bitter taste of naloxone. Tne content of lactose monohydrate was reduced slightly in order
to maintain identical compression weights. All excipients have been widely used in commercial
pharmaceutical dosage forms or as food additives. Except for the natural iemon and lime flavour ail
excipients comply with the specification of the Ph. Eur. Natural lemon and lime flavour is a natural
flavouring, which complies the requirements of directive 88/388/EEC (as amended) on flavourings for
use in food. Certificates of analysis have been provided for all excipients.

e  Adventitious Agents

Lactose monohydrate is the only excipient of animal origin. However, it is prepared from bovine milk
suitable for human consumption, which is sourced from healthy animals. Magnesium stearate is of
vegetable origin.

e  Manufacture of the Product

The manufacturing process of the finished product comprises standard mixing, wet granulation and
compression techniques. Process parameter ranges (sieve sizes, mixing times and speed, drying time
and temperature) were described for each step of the manufacturing process. Validation studies
involved the preparation of 3 full-scale batches of the tablet blend. Each of the batches was then sub-
divided into two sub-lots for the preparation of tablets of both strengths, i.e., 2 mg/0.5 mg tablets and
8 mg/2 mg tablets. An additional full-scale batch of each tablet strength was manufactured. All eight
batches complied with final product specification. From the evidence of the process validation studies
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provided, it can be concluded that the process is capable of consistently producing batches of the
required quality.

»  Product Specification

The product specifications include methods for appearance, identification (buprenorphine and
naloxone) by HPLC and TLC, assay and content uniformity (buprenorphine and naloxone) by HPLC,
dissolution of buprenorphine and dissolution of naloxone, disintegration time, buprenorphine
degradation products, naloxone degradation products, water content and microbiological integrity.

The drug product specifications have been justified and all methods of analysis have been described
and adequately validated.

e  Stability of the Product

Stability data on three batches of each strength of Suboxone sublingual tablets (8 mg /2 mg and 2 mg
/ 0.5 mg) packaged under a nitrogen atmosphere was provided. The studies were performed under
long-term, intermediate, and accelerated conditions. The parameters evaluated during these studies
were those mentioned in the shelf-life specification, except for two minor deviations. Analytical
results up to 156 weeks were presented. All tests remained within specification for 156 weeks at
25°C/60% RH. The key shelf-life limiting parameter appeared to be disintegration time. There is
evidence of a time-dependent increase but all samples stored at complied with the specification for
156 weeks.

Based on the available stability data, the proposed shelf life and storage conditions, as stated in the
SPC, are acceptable.

Discussion on chemical, pharmaceutical and biological aspects

Information on development, manufacture and control of the drug substances and drug product has
been presented in a satisfactory manner. The results of test carried out indicate satisfactory consistency
and uniformity of important product quality characteristics, and these in turn lead to the conclusion
that the product should have a satisfactory and uniform performance in the clinic.

3. Non-clinical aspects

e Introduction

Most of the preclinical studies were conducted in accordance with good laboratory practice
regulations. Some studies have been performed prior to the introduction of GLP regulation and are not
GLP-compliant. Since both of the active ingredients are established substances the documentation for
pharmacology consists of published literature plus study reports with the combination of the active
ingredients.

e Pharmacology '

Buprenorphine is a semisynthetic, highly lipophilic opioid derived from thebaine with a 25 -30 fold
higher analgesic potency as compared to morphine and a longer lasting effect. It is a partial agonist at
the p- and an antagonist at the x-opioid receptor subtype. It dissociates very slowly from opioid
receptors (t%4 166 min vs. 7 min for fentanyl) and is, once bound, hardly displaced by naloxone,
however, prior treatment with naloxone can prevent e.g. respiratory depression. It is able to substitute
for other opioids such as heroin but provides only moderate opiate agonist effects and a low degree of
physical dependence. Being a partial p-receptor agonist it may cause symptoms of abstinence in
patients treated with p-receptor agonists (e.g. morphine) and restricts its own analgesic effects once a
maximum is reached, resulting in a bell-shaped dose response curve. When treatment with
buprenorphine is discontinued withdrawal signs are generally mild due to slow dissociation from the
p-receptor and concomitant adaptive processes.

Naloxone is the N-allyl derivative of oxymorphone., It has antagonistic effects at p, 8- and x-opioid
receptors and is currently marketed in injectable form for the complete or partial reversal of opiate
effects or for the suspected acute opiate overdose. When given alone, hardly any effect is observed
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hinting at a low endogenous opioidergic tonus. Because of its almost complete first pass metabolism,
naloxone administered orally or sublingually is not expected to exert antagonistic activity. No
documents dealing with the pharmacodynamics of naloxone were submitted.

Receptor Binding:
In the review presented in association with this application the receptor binding affinities of
buprenorphine and naloxone for narcotic receptors are outline in the following table.

Table: In vitro receptor-binding affinities for Buprenorphine and Naloxone.

Drug Ki (nM)
Mu (W) Delta (8) Kappa (x) Sigma (o) Ratio (0/x)
Buprenorphine 0.77 2.2 1.1 >100000 >91000
Naloxone 1.2 19 12 >1000000 >83000

s Primary pharmacodynamics

In vivo studies have been carried out in order to examine the interaction of both substances as regards
effects (antinociception), precipitation of withdrawal in morphine dependent rats, drug discrimination
in rats and avoidance behaviour in monkeys.

Antinociceptive effects of buprenorphine and morphine given alone or in combination with naloxone
(subcutaneous route) were measured in the rat tail pressure test: the results provided some evidence
that buprenorphine is antagonised by naloxone, although less readily than morphine.

Buprenorphine and naloxone administered intraperitoneally to precipitate ‘withdrawal signs in
morphine-dependent rats suggest that buprenorphine did not affect the ability of naloxone to
precipitate signs of opiate withdrawal.

To test whether buprenorphine plus naloxone mixtures are still perceived like buprenorphine alone, a
drug discrimination study was performed. Male rats with about 300 g b.w. were trained to discriminate
between subcutaneous (s.c.) injection of buprenorphine 0.03 mg/kg in an operant chamber with two
levers, where repeated pressure of the correct lever (10x) resulted in the delivery of a food pellet. 30
min after application the pattern of lever pressing was recorded. No food reward was given during
generalisation trials. Generalisation was considered to have occurred, if the percent responding on the -
relevant lever was 70 % or more. Responding to the buprenorphine-appropriate lever was 97 %
following buprenorphine, 2 % following saline and 8 % following naloxone. Addition of naloxone
0.002, 0.01 and 0.02 mg/kg to buprenorphine resulted in 93 %, 59 % and 23 % buprenorphine lever
pressing, respectively. It is concluded that buprenorphine combined with naloxone in a ratio 3:2 is not
probable to be a narcotic cue to support opiate misuse.

Negative reinforcing properties of naloxone were studied in the non-dependent rhesus monkey:
scheduled infusions of naloxene (1-100 pg/kg/inf)) and of buprenorphine (250 pg/kg/inf.) generated
drug avoidance behavior in the non-dependent rhesus monkey under a continuous avoidance-escape
paradigm. Pentazocine (1-100 pg/kg/inf.) codeine, (1-100 pg/kg/inf. and tilidine (1-250 pg/kg/inf.)
were ineffective. Addition of varying doses of naloxone to scheduled infusions of codeine, tilidine,
and pentazocine generated avoidance behavior not present with scheduled infusions of these opioids
alone. The naloxone doses necessary for generation of avoidance behavior were low with the agonists
codeine and tilidine, higher with the weak antagonist pentazocine, and highest with the strong
antagonist buprenorphine.

Monkeys were trained to avoid conditioned noxious stimuli. Subsequently, avoidance behaviour was
extinguished and scheduled intravenous infusions of drugs were tested for their ability to re-introduce
avoidance behaviour. Comparable to nalorphine, the opioid antagonist naloxone exerted negative
reinforcing properties. The agonists codeine and tilidine had no effects on the behaviour of their own,
as had the mixed agonist/antagonist pentazocine, while buprenorphine had a weak negative reinforcing
effect only in the highest dose tested. Naloxone was added to equi-analgesic doses of the test
compounds. Low doses were needed to induce negative reinforcement in the presence of codeine and
tilidine, somewhat higher doses in the presence of pentazocine and high doses in the presence of
buprenorphine.
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Overall, where interaction between buprenorphine and naloxone was shown, the routes of
administration used in the pharmacology studies may have limited relevance to the proposed clinical
route of administration (sublingual) and the ratios chosen in these studies (3:1) do not reflect the
proposed clinical ratio of 4:1. Thus ‘proof of principle’ that co-administration of naloxone will prevent
intravenous misuse of buprenorphine has further to be derived from clinical studies and clinical
evidence.

Buprenorphine and norbuprenorphine did not displace peripheral [3H]PK 11195 binding and central
[3H]flunitrazepam binding, indicating lack of interaction with the GABA s-receptors.

Diazepam and flunitrazepam have no significant affinity to human p- and 8- opioid receptors and poor
affinity to human k-opioid receptors.

o  Secondary pharmacodynamics

In order to look for blood compatibility (protein precipitating and haemolytic effects) of the
combination of buprenorphine and naloxone 3: 2, the powdered product was dissolved in 5 % aqueous
glucose or was diluted from a pre-prepared solution and added to citrated blood withdrawn from
beagle dogs. The slight haemolysis observed with therapeutic concentration is not likely to be of
clinical significance in the case that intravenous abuse of the product should occur.

e Safety pharmacology programme
No new studies were submitted. Due to the well-known pharmacology of the single substances and
since no adverse interactions between these to substances are expected this procedure is acceptable.

e  Pharmacodynamic drug interactions
No unexpected pharmacodynamic drug interactions have been identified.

Pharmacokinetics

Pharmacokinetics of both buprenorphine and naloxone are well known. Buprenorphine is sufficiently
absorbed following sublingual administration and is eliminated with a long half-life. Naloxone has a
low oral bioavailability and and is rapidly eliminated when given parenterally.

In a preclinical study it is shown, that co-administration of buprenorphine and naloxone had little or
no effect on their individual pharmacokinetic profiles following administration by i.v. or i.m or by oral
dosing.
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Table. Results of single dose pharmacokinetic studies in rats and dogs with *H-buprenorphine and *H-naloxone

alone or in combination with non-radiolabelled naloxone or buprenorphine respectively.

S R 3H-Buprenorphine *H Buprenorphine + *H-Naloxone *H-Naloxone +
P 0o Naloxone Buprenorphine
E U Cmax AUC (-8 Cmax Cm.ax AUC (0-8 Cmax Cma.x AUC Cmax Cmax AUC Cmax
C T Plasm 1) Brain | Plas hr) Brain | Plasm | (osmy Brain | Plasm | (s Brain
I E ang/g | ng/gh ng/ ma ng/gh ng/ ang/g | Ng/g ng/ ang/s | ng/gh ng/
E equiv | ng/g equivs h equiv equiv
S
Rat | iv 1442 1799 4763 | 1306 1653 3626 761 726 2141 574 690 1736
im. 892 2248 1051 839 1453 760 865 908 1756 833 760 1850
p.o. 571 188 1456 | 915 243 1564 313 48 8518 134 26 5853
Dog Auc (g4 Auc g4 Auc o Auc (.
) DB/ 1) DE/E 24 1) 24 1)
h h ng/gh ng/gh
iv. 788 65 * 739 67 * 349 18 * 357 20
Auc (0- Auc (0- Auc Auc
96 hr) 96 hr) (0-96 (0-96
ng/gh ng/gh hr) hr)
ng/gh ng/gh
im 103 68.5 * 129 64 * 258 26 *. | 258 25.5
p.o. ND ND * ND ND * ND 8 * ND 5.5

The only clinically relevant pharmacokinetic interaction detected is confined to inhibitors of CYP3A
resulting in enhanced bioavailability of buprenorphine. Based on these studies inhibitors of CYP 3A
enzyme can potentially increase the hepatic toxicity of buprenorphine. Patients concomitantly
administered inhibitors of CYP 3A should be closely monitored for markers of liver toxicity.

This is reflected in the clinical pharmacokinetics and is taken into account in the SPC.

Toxicology

e Single dose toxicity

Extensive acute toxicity studies employing different routes of administration (i.v., s.c. im. and oral)
are presented in which the toxicity of buprenorphine and naloxone are compared with the toxicity of
mixtures of these components. These studies demonstrate that there is no synergistic enhancement of
toxicity when buprenorphine and naloxone are co-administered.

s Repeat dose toxicity (with toxicokinetics)

Dietary toxicity studies of 28 days and 13 weeks duration in rats were conducted using buprenorphine:
naloxone at a ratio of 4:1 in terms of the bases (i.e. the ratio intended for human use).

The dietary route was selected for repeated dose toxicity evaluation of Suboxone since this route was
relevant to the proposed sublingual route of human exposure. In addition to data on the dietary
toxicity of Suboxone in rats, data on the toxicity of development formulations containing ratios of
buprenorphine and naloxone of 1:1 and 3:2 for periods of up to 28 days in both the rat and the dog by
a variety of enteral and parenteral routes of administration are presented.

Clinical observations were aggressive behaviour and excessive grooming. An analgesic effect
(prolonged time to tail flick) has been observed in females of the 2000 ppm group. Bodyweight was
significant lower throughout the study for males only. Food consumption and food utilisation was
decreased in males also. A treatment-related increase in adrenal weight adjusted for body weight was
recorded for males receiving Suboxone. The adrenals were histologically normal and this apparent
weight change was not considered to be of toxicological importance. No other organ weight changes
were apparent that were considered to be related to treatment and no treatment-related abnormalities
were observed at autopsy. Histological examination revealed an increased incidence and severity of
mononuclear cell infiltration of the Harderian gland in females of all groups receiving Suboxone and
in males receiving 2500 ppm. However, as there is no known clinical effect of insult to the Harderian
gland, the toxicological importance of these findings remains unclear. No toxicological relevant target
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organ toxicity was apparent apart from weight changes of the liver and histological effects on the
kidneys, probably adaptive effects due to the high doses administered.

Safety margins based on AUC were calculated based on human data from Clinical Study CR97/007:

Table 7 Rat : human buprenorphine ratios based on AUC (ng-h/ml)
Dietary concentration Buprenorphine dose (mg)
of Suboxone (ppm)
4 8 16 24
100 7.3 4.4 2.5 2.0
500 28.2 17.1 9.7 7.6
1500 73.6 44.7 254 20.0
2000 93.9 57.0 324 25.5
Table 8 Rat : human naloxone ratios based on AUC (ng-h/ml)
Dietary concentration Naloxone dose (mg)
of Suboxone (ppm)
1 2 4 6
100 NC NC NC NC
500 15.1 8.5 5.0 4.4
1500 231.8 130.8 76.1 68.0
2000 244.5 137.9 80.3 71.7

NC =Not calculated. Plasma concentration less than LLOQ (0.5 ng/ml).

The toxicokinetic data obtained in rats following dietary administration of buprenorphine: naloxone at
a ratio of 4:1 also suggests that both rats and dogs receiving development formulations of
buprenorphine: naloxone at a ratio of 1:1 by the oral route would have received toxicologically
significant exposures to both of the active ingredients.

No novel toxicological aspects rose from the studies with a mixture of buprenorphine/naloxone in
comparison with knowledge about the compounds alone. Based on toxicokinetic data raised from the
dietary study with Suboxone, an exposure of animals sufficiently above the maximum therapeutic
dose in humans has been reached. Clinical signs reflected the pharmacodynamics of the active
ingredients.

*  Genotoxicity
Standard in vitro and in vivo genotoxicity tests with buprenorphine and naloxone were negative
indicating that both compounds are devoid of genotoxic properties.

A 7-day dietary palatability study in rats, a subacute 28 day dietary toxicity study in rats and
associated mutagenicity studies have also been completed in order to investigate the potential toxicity
and genotoxicity of synthesis impurities and degradants of Suboxone.

Synthesis impurity D (7,8-didehydronaloxone) present in naloxone was found clastogenic in vitro
studies with human lymphocytes. The proposed specification limit of 7,8-didehydronaloxone will
result in exposure below the Threshold of Toxicological Concern (TTC) of 1.5 pg/day which is
recommended for setting acceptable daily intake limits of genotoxic impurities by the EU Draft
Guideline on the Limits of Genotoxic Impurities (CHMP/SWP/5199/02).

A series of other synthesis impurities and degradants was reviewed for structure-activity relationship
and were reported to be devoid of structural alerts. However, the process used to determine alerting
structures was not fully clear and needed further clarification. The applicant further provided sufficient
information about the approaches used (in house and at FDA) in assessing structural alerts as part of
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the toxicological qualification of impurities and degradants. The applied approach for qualifying the
impurities/degradants is acceptable.

e Carcinogenicity

A 2-year dietary carcinogenicity study with Suboxone was conducted in rats at doses of 7, 30 and
120 mg/kg/day, with estimated exposure multiples of 3 to 75 times, based on a human daily sublingual
dose of 16 mg calculated on a mg/m? basis. Statistically significant increases in the incidence of
benign testicular interstitial (Leydig's) cell adenomas were observed in all dosage groups.

A dose-related reduction in the incidence of adenomas in the pars distalis (male and female rats) and a
decreased incidence of mammary hyperplasia were also observed. The reduced incidence of these
finding were below internal as well as historical controls. Similar findings had been reported for
Buprenorphine alone but at a lower incidence.

The Applicant supplied a number of possible explanations for the discrepancy between Suboxone and
Buprenorphine alone regarding Leydig cell adenoma formation and proposed a mechanism for tumour
formation, the modification of GnRH release could results in downstream effects on sexual hormone
levels due to interference at the opiate receptors this would be responsible for the induction of Leydig
cell adenomas in male rats and the accompanying hyperplasia. However, the mechamstlc hypothesis
was not accompanied by hormonal determinations.

To further elucidate the mechanism of induction of the Leydig cell tumours, the Applicant was asked
to provide acceptable historical control data on the same strain of rat and, information on sexual
hormone levels and buprenorphine and bupernorphine/naloxone administration and/or conducting a
new study.

After consideration of new made available published data, an additional study in rats to investigate the
hormonal effects of Suboxone appeared not longer justified.

This issue is taken into account in section 5.3 of the SPC.

e  Reproduction Toxicity

Suboxone was evaluated in a fertility and early embryonic development study in the rat with dietary
admixture of the test substance. Toxicokinetic data were obtained concomitantly with the fertility
study. Embryotoxicity studies of development formulations (buprenorphine:naloxone 1:1 for oral or
3:2 for intramuscular administration, in terms of bases) were conducted in rats and rabbits by both,
oral and intramuscular application. Studies were conducted according to GLP. No study on prenatal
and postnatal development was performed. However, the applicant appropriately discussed and
evaluated different studies, which investigated effects of buprenorphine or naloxone on the prenatal
and postnatal development in the ARD.

In the fertility study, suboxone induced toxicity in the paxentai generation at all dose groups. At dose
levels of 100 ppm or greater an increase in the incidence of non-pregnant females was observed. High
pre-implantation losses were noticed at doses of 500 ppm or greater.

No teratogenic effects of the development formulations of buprenorphine and naloxone were noted in
the embryotoxicty studies in rats and rabbits. However, treatment of pregnant rats and rabbits caused
maternal toxicity. Reduced body weight gain, reduced food consumption and adverse clinical signs
were frequently observed. In the rat, dose-related increases in the number of resorptions and decreases
in the number of live fetuses were noticed after oral application of 10 mg/kg/day or greater. After i.m.
administration in the rat, high post-implantation-losses, and consequently a reduced number of fetuses
occurred at 30 mg/kg/day. In the rabbit, two dams receiving the highest oral dose (40 mg/kg/day)
aborted and one dam receiving the highest i.m. dose (30 mg/kg/day) showed a total resorption of litter.

Despite the availability of toxicokinetic data in the fertility study in the rat, as part of the total package
of reproductive and developmental toxicity studies, the applicant failed to discuss NOAEL levels and
did not calculate any exposure margins in relation to human exposure. In the anwers the applicant
identified NOAEL levels for reproductive and developmental toxicity. Exposure margins were
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calculated in an adequate manner. As far as toxicokinetic data were available, exposure margins were
based on AUC otherwise exposure multiples were based on mg/m’? comparisons. The calculated
exposure margins replaced the mg/kg —details in section 5.3 of the SPC.

s Local tolerance

No specific local tolerance studies were conducted with Suboxone in animal models. The intended
human sublingual route is not a practical route of administration in common laboratory animal species.
Extensive data from human clinical trials indicate that Suboxone is well tolerated when administered
by the sublingual route in man.

o  Other toxicity studies
N.A.

Ecotoxicity/environmental risk assessment

The predicted environmental concentration (PEC) calculation initially provided by the applicant was
incorrect.

The applicant has not provided an environmental risk assessment according to Phase II of the
guideline on the environmental risk assessment of medicinal products for human use
(CHMP/SWP/4447/00). This would have been necessary because the concentration in the aquatic
environment predicted according to Phase I of the guideline exceeds the trigger of 10 ng/I.

As the marketing authorization procedure for Suboxone started in October 2005, before the
publication of the adopted guideline on the environmental risk assessment of medicinal products for
human use (EMEA/CHMP/SWP/4447/00), it would be accepted an environmental risk assessment
according to the draft of the guideline published in January 2005.

According to the draft of 2005 the trigger of 10 ng/l is exceeded and a phase II environmental risk
assessment following this draft would be necessary.

In his response to the Day 180 LoOl, the applicant uses the guideline adopted in June 2006 for the
environmental risk assessment of Suboxone. The default Fpen for the calculation of the predicted
environmental concentration in surface water in Phase I of the guideline is 1 %. It is possible to refine
the factor based on reasonably justified published data. The PEC-refinement based on published UN
data on the prevalence of the abuse of opiates is agreed. However, the further refinement of Fpen
conducted by the applicant is not acceptable. No valid data have been presented to justify the
refinement based on market share and according to the guideline; the maximum daily dose is used for
PEC-calculations in Phase I for all products. Using the Fpen of 0.43 %, the trigger of 10 ng/l is still
exceeded. Therefore, a phase II environmental risk assessment is required. Besides that, the guideline
of 2006 demands a Phase I pbt assessment for substances with a log Kow >4.5 like Buprenorphine.
This has been taken into account in the FUM, non- clinical.

Discussion on the non-clinical aspects

Where suboxone has been developed for long-term use in humans, the duration of repeated dose
toxicity studies with the combination of the active ingredients does not meet the criteria of current
guidelines.

However, taking into account that both sufficient chronic toxicity studies with buprenorphine alone,
and data about naloxone from a 6- month repeated dose combination study with tilidine/naloxone are
available, the non clinical programme on repeated dose toxicity is considered sufficient for the
combination of the two substances which are established in clinical use.
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4,  Clinical aspects
Introduction

This is an application for a fixed combination. The new product is containing known active substances
not used previously in combination (Article 10.1.(b)).

The Note for Guidance on fixed combination medicinal products describes some general rules for
fixed combinations. Each substance of the fixed combination must have documented contribution
within the combination and it will be necessary to show therapeutic advantages of the combination in
the clinical situation against possible disadvantages. A simplification of therapy as the only
justification will be acceptable in particular situations only.

The applicant justifies the development of Suboxone with the objective of havmg a similar sublingual
effectiveness and safety profile as buprenorphine tablets, but with a lower intravenous misuse
potential. From a regulatory point of view and after application of the Note for Guidance on fixed
combination medicinal products the reduction of misuse potential is not a convincing justification for
the application of a fixed combination with buprenorphine and naloxone.,

However, in clinical view the advantages result, that on the one hand the medicinal product is not
practical for misuse and on the other hand could be made available as take home medication. This fact
contributes to a higher acceptance of the substitution therapy.

GCP

The Clinical trials were performed in accordance with GCP as claimed by the applicant.

Suboxone is a fixed dose combination tablet of buprenorphine and naloxone in a 4:1 ratio. Most of
pharmacokinetic studies of Suboxone and bupremorphine (as a reference) were undertaken in
volunteers experienced in opiate use but not dependent on oplates : :

The sublingual bioavailability of buprenorphine and naloxone from Suboxone was examined in five
studies. In all studies a LC/MS/MS analysis was used for the determination of buprenorphine,
norbuprenorphine and naloxone in human plasma and urine samples.

Pharmacokinetic parameters of buprenorphine and naloxone were determined from plasma
concentration-time profiles. Statistical analyses were performed using the SAS Statistical analysis
system program to compare treatments by analysis of variance (ANOVA).

e Absorption

The CR97/07 study was an open-label, dose-ascending, four-way crossover study to evaluate the
pharmacokinetics and dose proportionality of buprenorphine, in the range of 4 to 24mg, when
administered in sublingual tablets in combination with naloxone (at 4:1 dose ratio) in non-dependent
opiate users.

The data from the analysis of 14 subjects indicated that both buprenorphine and naloxone were
quickly absorbed following sublingual administration of the combination tablet of buprenorphine and
naloxone. Mean peak plasma levels of buprenorphine (Cmax 2.33, 3.53, 5.83 and 6.44 ng/ml) and
naloxone (0.12, 0.25, 0.44 and 0.47 ng/ml) increased following 4 mg + 1 mg, 8 mg + 2 mg, 16 mg + 4
mg and 24 mg + 6 mg sublingual doses of Suboxone. Mean AUCy.; values of buprenorphine (13.09,
23.23, 39.38 and 47.55 h.ng/ml) and naloxone (0.12, 0.30, 0.53 and 0.60 h.ng/ml) also increased with
the sublingual dose of Suboxone. The mean elimination half-life of buprenorphine following
sublingual dosing was 34 (14-116, N=53) hours, and that for naloxone was 1.24 (0.33-3.14, N=48)
hours. Although linear, the increases in buprenorphine AUC were not proportional to the dose. There
was a wide inter-patient variability in the sublingual absorption of buprenorphine.

The study results demonstrate a non-dose proportional increase of buprenorphine AUC.
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Study CR96/023 had two objectives: to assess the relative and absolute bioavailability of a
buprenorphine (8mg) and naloxone (2 mg) tablet when administered orally and sublingually, and to
evaluate the subjective and physiologic effects of orally and sublingually administered buprenorphine
and naloxone tablets. The study was an open label, balanced 3x3 Latin square crossover design.
Results shoed that absolute bioavailability of buprenorphine from the sublingually administered tablet
was significantly greater than the bioavailability from the tablet administered orally (13.6 +/- 6.6 %
compared to 6 .0 +/- 4.1%). Naloxone was approximately 3% bioavailable sublingually while its
bioavailability from the tablet taken orally was practically zero. Therefore, the AUC data indicate that
sublingual administration yields 2.5 times more buprenorphine than oral and the bioavailability of
naloxone after sublingual or oral administration is very low.

Study NIDA #01-1 was conducted to compare simultaneous administration of 4 tablets comprising a
20mg Suboxone dose (2 x 2 mg tablets plus 2 x 8 mg) with sequential administration of 2 x 8 mg
tablets followed later by 2 x 2 mg tablets, after the first tablets had disintegrated. These were
considered as supportive data. No absorption differences were observed between simultaneous or
sequential administration of 4 Suboxone tablets.

Study CR96/012 was an open-label, single dose, four-period, dose-escalation study to evaluate
whether plasma concentrations of buprenorphine increase proportionally to buprenorphine dose in the
range of 4 to 24 mg administered as Buprenorphine alone sublingual tablets, and to evaluate the
safety, and dose-response of subjective and physiological effects of buprenorphine. The study
comprised four 3-day treatment periods separated by a washout period of at least ten days.
Examination of individual patient dose—response curves following 4 mg, 8 mg, 16 mg and 24 mg
Buprenorphine alone showed that mean values of buprenorphine Cmax were 1.99, 2.65, 4.42, and 5.41
ng/ml. Mean AUC.;, values were 9.37, 19.92, 34.94 and 48.81 h.ng/ml from the lowest to highest
dose level respectively. Although linear, the increases in AUC were not proportional to the dose.
There was a wide inter-patient variability in the sublingual absorption of buprenorphine.

In accordance with the above mentioned Suboxone study (CR97/07) the study results of CR96/012
demonstrate a non dose proportional pharmacokinetic of buprenorphine after administration of
Buprenorphine alone. AUC, tmax, and Cmax are comparable regarding different dose strengths in
both studies. This results support the assumption that buprenorphine bioavailability is not influenced
by sublingual administration of naloxone.

Study CR92/111 was designed to assess the treatment potential of sublingual buprenorphine (8mg)
and naloxone (4mg and 8mg) combinations in subjects maintained on 8mg sublingual buprenorphine
for 7 days. This was a double blind, double-placebo, 3x3 Latin square, within-subject study in which
subjects were stabilised on 8mg buprenorphine sublingual solution and then challenged sublingually
with three ratios of buprenorphine / naloxone.

The absolute bioavailability of 8 mg sublingual buprenorphine when given alone or in combination
with 4 mg or 8 mg of naloxone was 42 + 9%, 42 + 12% and 40 + 7%, respectively. The absolute
bioavailability of 4 mg and 8 mg sublingual naloxone was 9 + 6% and 7 + 4% respectively. The mean
elimination half-life of buprenorphine following intravenous dosing was 32 (16-55) hours, and that for
naloxone was 1.0 (0.63-1.94) hours. The absolute bioavailability of buprenorphine was not influenced
by simultaneous administration of naloxone, both given as sublingual solution. Therefore the
bioavailability of buprenorphine in Buprenorphine alone or Suboxone is comparable and is not
influenced by the presence of naloxone.
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* Bioequivalence

The proof of bioequivalence for Buprenorphine in Suboxone and Buprenorphine alone was based on a
crossover study (CR95/001). According to results analysis, bioequivalence in the sense of statistical
significance could not be established. In fact, knowing that intra- and interindividual variability is high
the planned number of subjects was too low and T-last interval at 48 hours was also too short. Then an
extrapolation of AUC data is not recommended.

However, in connection with the data of the above mentioned bioavailability studies it can be
concluded that the bioavailability of buprenorphine in Buprenorphine alone or Suboxone is
comparable and is not influenced by the presence of naloxone.

Because of sublingual administration of Suboxone no additional studies were conducted regarding
influence of food. This is acceptable.

s Distribution

Buprenorphine

Following sublingual absorption of buprenorphine, there is a rapid distribution phase. Buprenorphine
is widely distributed within the body. The mean volume of distribution obtained following
intravenous administration was 2,828 litres. Buprenorphine is also highly protein bound (96%),
primarily to alpha and beta globulins. The long terminal elimination phase may be due in part to
reappearance of buprenorphine from deep compartments, and in part due to enterohepatic cycling of
the buprenorphine glucuronide metabolite.

Naloxone

In contrast, following subhngual administration, naloxone is rapidly ehmmated (median terminal half-
iife 1.26 hours, 54 values). The mean {(range) volume of distribution of naloxone following
intravenous administration was 370 (133-770) litres, which agrees with the value of 375 (151-619)
litres found by Aitkenhead et al (1984). Naloxone is 45% protein bound, primarily to albumin.

e Metabolism and elimination '
Following sublingual administration of buprenorphine there is a very long terminal elimination phase:
the median terminal half-life values of buprenorphine following Suboxone (27.41 from 113 values)
and Buprenorphine alone (27.09 from 182 values) were similar (Table below). Naloxone is rapidly
eliminated.

Table: Terminal elimination half-life values for buprenorphine and naloxone

Suboxone Buprenorphine alone Suboxone
Buprenorphine Half-Life | Buprenorphine Half-Life Naloxone Hali-Life
All data (4 studies) All data (3 studies) All data (2 studies)
N 113 182 54
Mean 32.45h 28.67h 1.22h
SD 19.98 11.27 0.63
Median 27.41h 27.09h 1.26h
in 8.98h 2.7h 0.33h
Max 161.16h _ 69.3h 3.14h

Buprenorphine
The metabolism of buprenorphine in humans is by 14-N-dealkylation and by conjugation of parent
drug and the N-dealkyl metabolite, norbuprenorphine, to glucuronides. The principal route of
excretion is via the faeces. This was demonstrated in a study in 6 subjects dosed intravenously with
3H-buprenorphine (CR94/006). Radioactivity was completely recovered over a 9-day period, 69% +
11% in the faeces and 30% * 7% in the urine. Most of the radioactivity was attributed to free and
conjugated buprenorphine and norbuprenorphine. Two unidentified minor metabolites in urine
accounted for 0.72% and 0.9% of the dose, respectively.
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Naloxone

Two metabolites of naloxone, identified after hydrolysis and extraction of urine were 7,8-dihydro-14-
hydroxy-normorphinone and N-allyl-7,8-dihydro-14-hydroxy-normorphinone (Weinstein et al, 1974).
These results indicate that N-dealkylation, reduction of the 6-oxo group and glucuronidation occurs in
man. The mean elimination half-life of naloxone following single sublingual doses of Suboxone was
found to be 1.26 hours (54 values).

It can be concluded that the metabolism of buprenorphme is not influenced by the simultaneous
administration of naloxone.

* Dose proportionality and time dependencies

The results of CR97/07 und CR96/12 regarding dose proportionality are presented above: dose
proportionality could not be established. This is in accordance with the results of Buprenorphine alone
studies.

As mentioned above additional multiple dose studies with Suboxone were not conducted. The kinetic
data of the long term study CR96/014 demonstrate that accumulation will not occur. This is in
accordance with Buprenorphine alone data.

e  Special populations

Kinetic data of the target population was determined in study CR96/014 only. Different results
between the target population and subjects in the short-term pharmacokinetic studies (subjects
experienced in opiate use but not dependent) are not expected.

Renal elimination plays a relatively small role (less than 30% after IV administration) in the overall
clearance of buprenorphine. No difference was observed in the pharmacokinetics of intravenous
buprenorphine in nine subjects with end-stage renal failure compared with control subjects with
normal renal fimction. However, plasma concentrations of the two inactive metabolites,
norbuprenorphine and buprenorphine-3-glucuronide, were increased by 4 and 15 times, respectively in
subjects with renal failure. No dose modification based on renal function is required. Based on the
fact that the effects have been studied only under short-term dosing of buprenorphine, it is accepted to
mention a precaution for use in subjects with severe renal impairment in the SPC.

Impaired hepatic function: buprenorphine is metabolised by both oxidation and glucuronidation and
most of the elimination is biliary. The clearance of buprenorphine approaches hepatic blood flow.
Population pharmacokinetic analysis indicated that clearance was reduced in subjects who had
elevated ALT or elevated bilirubin. Therefore, the actions of buprenorphine may be prolonged in
subjects with impaired hepatic function.

Buprenorphine is contraindicated in patients with severe hepatic impairment. This is also stated in
section 4.3 of the SPC.

Gender. race and weight: A population pharmacokinetic assessment was undertaken using
buprenorphine plasma concentration data from the Suboxone study (CR96/013 + CR96/014) and three
other studies (CR94/001, CR95/001, CR97/007). The analysis showed that the pharmacokinetics of
buprenorphine are described by either a one- or two-compartment disposition model with first-order
absorption and an absorption lag time. The clearance of buprenorphine (>60 litres/hour) approached
hepatic blood flow. The one-compartment NONMEM model predicted that increasing age and
increasing AST or ALT levels were associated with at least a 20% decrease in clearance rate relative
to the population standard value. Similarly, in the two-compartment model, the clearance rate of
buprenorphine appeared to decrease with increased bilirubin, increased ALT and female gender.

The influence of gender, ethnicity, age and weight on buprenorphine Cmax and AUC values were
examined in the meta-analysis of PK parameters from single dose studies of Suboxone and
Buprenorphine alone. With the exception of ‘race’ in the model results for AUC(0-72) of
buprenorphine following the dosing of “volunteers, naltrexone block” subjects with Buprenorphine
alone, no analysis found a statistically significant effect of the four demographic variables of gender,
race weight and age. The statistical significance of ‘race’ may have been due to the large imbalance
between the numbers of Caucasians in the analysis group, compared with other races.
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Elderly: No pharmacokinetic studies were designed to be conducted with Suboxone in the elderly
populations.

Children: No pharmacokinetic studies were designed to be conducted with Suboxone in children.

The pharmacokinetics of special population was evaluated in the development program of
Buprenorphine alone. The results can be carried forward to Suboxone. No difference was observed in
the pharmacokinetics of buprenorphine in subjects with normal renal function. Even if the
concentration of metabolites were increased the dose may not be adjusted in patients with renal
impairment. However, the company decided to include a statement of precaution for use in subjects
with severe renal impairment in the SPC.

Suboxone should be contraindicated in subjects with severe impaired hepatic function. The influence
of gender, ethnicity and weight was also evaluated in the Suboxone pharmacokinetic trials. No
additional warnings regarding special populations are necessary.

® Pharmacokinetic interaction studies

Cytochrome P450 specificity studies have shown that CYP3A4 is responsible for the metabolic
conversion of buprenorphine to norbuprenorphine. Therefore, potent inhibitors of CYP3A4 (e.g.,
protease inhibitors like ritonavir, nelfinavir, or indinavir, or azole antifungals such as ketoconazole or
itraconazole) have the potential to increase plasma concentrations of buprenorphine. Similarly,
inducers of CYP3A4 (e.g., phenobarbital, carbamazepine, phenytoin, rifampicin) have the potential to
reduce buprenorphine plasma concentrations because of increased metabolism of buprenorphine to
norbuprenorphine.

An interaction study of buprenorphme with ketoconazole, has been undertaken (P01242). Subjects
received 8 mg, 12 mg, or 16 mg Buprenorphine alone per day for two weeks, and ketoconazole
400 mg/day was added for six days. Ketoconazole administration resulted in clinically significant, 2-
fold increases in both Cmax and AUC of buprenorphine after sublingual administration of
Buprenorphine alone. The SPC contains statements in Section 4.4 ‘Special warnings and special
precautions for use’, and Section 4.5 ‘Interaction with other medicinal products and other forms of
interaction’ relating to this interaction.

Pharmacodynamics

The rationale for developing Suboxone for use in treating opioid dependency is that it should be
similar in efficacy to buprenorphine alone when taken sublingually, but should produce opiate
withdrawal effects if misused intravenously by an opioid-dependent subject. This rationale is
grounded on the fact that sublingual bioavailability of naloxone is poor. Naloxone is not expected to
exert any pharmacological effect after sublingual administration of Suboxone. Therefore,
pharmacodynamic and pharmacokinetic studies were conducted using the parenteral route and/or
sublingual route of administration to investigate whether Suboxone complies with this rationale

®»  Mechanism of action , .

Buprenorphine is a potent opioid analgesic. It acts as a partial agonist at the p-opiate receptor with
high affinity to this receptor type and as an antagonist at the k-receptor. Agonistic effects at p-opiate
receptors lead to euphoria, sedation, constipation, analgesia and respiratory depression. However as a
partial agonist, buprenorphine has maximal opioid effects lower than those of full agonists, providing
a wider safety margin. The analgesic potency of buprenorphine is 25-50 times higher (on a weight by
weight basis) than that of morphine. Buprenorphine has been widely used for two decades and has
proved to be a strong analgesic in relieving moderate to severe acute and chronic pain.

Naloxone hydrochloride is a semisynthetic opioid antagonist. When administered in usual doses to
patients who have not recently received opioides, naloxone exerts little or no pharmacologic effect. In
patients who have received large doses of opioides, naloxone antagonises most of the effects of the
opioid. Because the duration of action of naloxone is generally shorter than that of the opioid, the
effects of the opioid may return as the effects of naloxone dissipates.

However, 0.4 mg of naloxone administered iv or sc will precipitate potentially severe withdrawal
symptoms in patients physically dependent on opioides or pentazocine. The precise mechanism of
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action of the opioid antagonist effects of naloxone is not known. Naloxone is thought to act as a
competitive antagonist at K, K or o opioid receptors in the central nervous system.

e  Primary and Secondary pharmacology
The following studies provide information about the acute effects of buprenorphine + naloxone
combinations on physiological parameters, and were all conducted in opioid-dependent subjects.
Different subgroups were evaluated: heroin dependent subjects; subjects stabilized with morphine;
patients in controlled methadone programs.

CR93/005 Study (Low Dose Buprenorphine. and Naloxone Interactions in Opioid Dependent
Volunteers) was an inpatient, double blind, double-placebo, within subject, 4x4 Latin square study to
evaluate the physiological and subjective effects of intravenous buprenorphine (0.4mg) and naloxone
(0.4mp), alone and in combination, in opiate-dependent subjects On four separate occasions, at least
five days apart, subjects were randomly administered: 0.4mg buprenorphine + 0.4mg naloxone, 0.4mg
buprenorphine + placebo, placebo + 0.4mg naloxone, and placebo.

The opiate agonist effects of 0.4mg intravenous buprenorphine in heroin dependent subjects, measured
by subjective and objective assessment, were very mild, and had a similar agonist profile to placebo at
this dose. None of the subjects indicated they would pay money for this buprenorphine dose. The
combination formulation acted more like an opiate antagonist than an opiate agonist on all
physiological and subjective variables examined; intravenous administration of 0.4mg buprenorphine
+ 0.4mg naloxone gave similar pharmacological effects to 0.4mg naloxone. All the heroin dependent
subjects perceived both treatments as dysphoric and unpleasant.

CR93/004 Study (I/ntravenous Buprenorphine and Naloxone Interactions in Opiate-Dependent
Volunteers) was a double blind, placebo controlled, crossover study to evaluate the physiological and
subjective effects of intravenous buprenorphine (2mg) and naloxone (2mg) alone and in combination
in opiate-dependent subjects. Intravenous buprenorphine at a dose of 2mg gave typical opiate agonist
effects in the heroin dependent subjects. Significant increases were noted in subjective ratings of
global intoxication, on the opiate agonist scale and visual analogue scales for ‘high’, ‘drug liking’ and
‘good drug’ effect. However, as judged by the subjects' spontaneous comments, intravenous
buprenorphine did not produce the same intense, immediate effect as intravenous heroin.

Intravenous injection of 2mg buprenorphine + 2mg naloxone produced short-lived but intense opiate
withdrawal which was indistinguishable from the effects of naloxone alone. The combination
significantly attenuated subjects' rating of global intoxication, ‘drug liking’ and ‘good drug’.
Qualitatively, naloxone effects were attenuated by buprenorphine. However during the antagonist
phase immediately following injection, the buprenorphine + naloxone combination was perceived to
be as dysphoric and unpleasant as naloxone alone. Therefore the buprenorphine and naloxone
combination has a low abuse potential in opiate-dependent daily heroin users.

CR94/003 Study (Buprenorphine and Naloxone Interactions in Morphine-Stabilised Opiate-
Dependent Volunteers) was a double blind, placebo-controlled, partially balanced, cross-over study.
Subjects were admitted to an inpatient unit and for the first five days were stabilised on a dose of
60mg morphine per day given as four intramuscular doses of 15mg. Opiate agonist effects were
substantial and similar in magnitude following 15 mg intramuscular morphine and 2mg intravenous
buprenorphine administration. Combining naloxone with buprenorphine attenuated some of the
pleasurable opiate agonist effects seen with buprenorphine alone: the 2:1 ratio diminished all opiate
agonist measures as compared to buprenorphine alone; the 4:1 and 8:1 ratios decreased global
intoxication and opiate agonist scale indices, but did not alter ‘drug liking’.

Each of the three intravenously administered buprenorphine + naloxone combinations had measurable
short-term opiate antagonist effects. All measures of opiate withdrawal were significantly increased
by the 2:1 and 4:1 ratio combinations compared with buprenorphine alone, whereas only self-reports
of global withdrawal were significantly increased with the 8:1 ratio. Antagonist effects peaked at five
minutes then dissipated allowing opiate agonist effects to emerge but in a dose-dependent manner with
the longest duration of antagonism produced by the 2:1 ratio.

All combination ratios significantly diminished the subject’s estimated street value of buprenorphine
and were generally reported by subjects as unattractive as agents for intoxication. Subjects were asked
to estimate the US dollar value they would pay for the challenge dose if it were sold illicitly. Five
minutes after the intramuscular challenge, subjects rated 15mg morphine the highest ($12), followed
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by 2mg buprenorphine ($8). In contrast, the 8:1, 4:1 and 2:1 ratios of buprenorphine/naloxone had
markedly lower peak dollar values of $2, $2 and $0. The dollar value of the placebo was $1.
Intravenous administration of 2:1 and 4:1 buprenorphine/naloxone combinations reliably produced
brief opiate withdrawal symptoms and was judged sufficiently unpleasant by opiate-dependent
individuals to suggest -a relatively low parenteral abuse liability by people using opiates regularly.
Based on observations from this study, a 4:1 ratio of buprenorphine to naloxone was chosen for
Suboxone tablet formulation development.

Bupp 4243 Study (Effects of Buprenorphine and Naloxone in Morphine-Stabilised Opioid Addicts)
This was a double blind, placebo-controlled randomised five-period crossover (two 5 x 5 Latin square)
study, designed to evaluate the individual and combined effects of intravenously administered
buprenorphine and naloxone This dosage was continued throughout the study. Over a 14-18 day
period following stabilisation, subjects received single intravenous challenge doses of placebo, 15mg
morphine, 2mg buprenorphine, 2mg buprenorphine + 0.5mg naloxone (4:1 ratio), and 0.5mg naloxone
challenges in random order at 48h to 72h intervals. Morphine produced significant ‘good’ effects as
assessed on the VAS-G scale whereas 2mg buprenorphine in these patients was not significantly
different from placebo. Similarly the 2mg buprenorphine + 0.5mg naloxone combination was no
different from placebo on this scale. On the agonist effects checkhst none of the challenges was
associated with typical opioid-like effects.

Both naloxone and buprenorphine + naloxone were associated with significant withdrawal effects
compared to placebo as assessed by the CINA scale measured during the first 25min and 60min
periods. The effects produced by the buprenorphine + naloxone combination were not sigm'ﬁcantly
different from those produced by naloxone.

A combination of buprenorphine + naloxone in a 4:1 ratio produced significant intravenous opiate
antagonist effects similar to those produced by naloxone. This should limit its potential for
intravenous abuse by opioid addicts.

This study supports the results of study CR94/03 described above.

CR92/110 Study (Buprenorphine and Naloxone Interactions in Methadone Maintained Subject)s was
a double blind, placebo-controlled, randomised 4x4 Latin square crossover study to evaluate the
physiological and subjective effects of intravenous buprenorphine (0.2mg) and naloxone. (0.1mg),
alone and in combination in opiate-dependent subjects. Subjects were randomly challenged on four
separate occasions at least one day apart with intravenously administered 0.2mg buprenorphine, 0.1mg
naloxone, 0.2mg buprenorphine + 0.lmg naloxone and placebo. The subjects were physically
dependent opiate users who had been receiving 40-60 mg daily methadone maintenance for at least
three months.Intravenous buprenorphine at a dose of 0.2mg generally produced only minimal opiate
agonist effects that were no different from placebo. This was not surprising since the sub_]ects were
maintained on moderate doses of methadone.

The combination of buprenorphine + naloxone produced withdrawal as great or greater than naloxone
alone and resulted in one subject precipitously leaving the study. Similarly buprenorphine + naloxone
and naloxone alone produced opiate antagonist effects on heart rate and systolic and diastolic blood
pressure.

Therfore the combination of buprenorphme 0.2mg + naloxone 0.1mg has a low abuse liability in
methadone maintained subjects as it produces significant withdrawal symptoms in methadone-
stabilized subjects after intravenous low dose administration. :

Bupp 5257 Study (Buprenorphine/naloxone Combination Tablet: effects in Opioid Dependent
Volunteers) was undertaken to assess the subjective, objective and physiological effects of
buprenorphine/naloxone combinations and buprenorphine in opioid-dependent volunteers. On
separate occasions, subjects rteceived 5 dose levels of Suboxone sublingual tablets
(buprenorphine/naloxone: 1/0.25mg, 2/0.5mg, 4/1mg, 8/2mg, and 16/4mg), 8mg taste-matched
buprenorphine tablet, intramuscular 4:1 buprenorphine / naloxone injections (1/0.25mg, 2/0.5mg,
4/1mg, 8/2mg, and 16/4mg), 8mg intramuscular buprenorphine, 10mg intramuscular hydromorphone,
and 0.25mg intramuscular naloxone. Intramuscular administration of 4:1 combinations of
buprenorphine + naloxone (1/0.25mg, 2/0.5mg, 4/1mg, 8/2mg and 16/4mg) to 8 subjects stabilised on
40mg oral hydromorphone per day produced dose-related antagonist responses for observer rating of
withdrawal, and subjective ‘bad effects’. Significant withdrawal effects were observed only for
intramuscular buprenorphine/naloxone 16/4mg. In contrast, intramuscular buprenorphine gave only
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opioid agonist effects. Sublingual buprenorphine/naloxone was well tolerated in the opioid dependent
subjects and neither precipitated withdrawal nor showed opioid agonist effects.

The study results demonstrate that different sublingual doses of the buprenorphine/naloxone 4:1
produce opioid agonistic effects only. The intramuscular administration causes antagonistic effects as
expected.

Bupp 3712 Study (Buprenorphine's physical dependence potential: antagonist-precipitated withdrawal
in humans) had the primary purpose to determine whether any physical dependence resulting from
chronic buprenorphine maintenance could be demonstrated using a precipitated withdrawal procedure
with naloxone or naltrexone. After a 2-week outpatient buprenorphine induction and stabilisation
period subjects were admitted onto a closed 14-bed behavioural pharmacology research unit for
approximately 6 weeks. Subjects received 2, and 4 mg buprenorphine sublingual solution on Days 1
and 2, and 8 mg/day for the rest of the two-week stabilisation period. In the experimental unit they
were maintained on 8 mg/day given at 08:00h each day. On challenge days they were given one of the
following at 10:00h, ordered by Latin square and presented double blind and double-dummy: placebo,
naloxone 0.3, 1, 3 and 10 mg /70kg i.m. and naltrexone 0.3, 1 and 3 mg /70kg orally separated by a
least 72 hours. Behavioural and physiologic responses were measured over the following 12 hours.
After the final challenge session the buprenorphine dose was tapered to zero over 4 days and the
subjects received placebo for a further 5 days.

Both naloxone and naltrexone produced orderly dose-rclated and time-related effects on multiple
variables assessing withdrawal. Generally, intramuscular doses of 3mg produced withdrawal effects.

High doses of intramuscular naloxone produce withdrawal effects in subjects stabilized on
buprenorphine. The dose was 10 times greater than doses that precipitate withdrawal in subjects
maintained on 30mg methadone. The applicant came to the conclusion that the need for higher doses
is consistent with the presence of only a low level of physical dependence in buprenorphine
maintained subjects.

The observed effect could be explained by the high affinity of buprenorphine (higher than the affinity
of naloxone) to p-receptors. Therefore naloxone is not suitable for the treatment of buprenorphine
intoxication.

Relationship between plasma concentration and effect

The efficacy in relation to plasma concentration was evaluated in the Buprenorphine alone studies.
The effects were not influenced by simultaneous sublingual administration of naloxone in doses up to
32/8mg Suboxone.

Pharmacodynamic interactions with other medicinal products or substances

Pharmacodynamic interactions were not evaluated for the fixed combination. Post marketing
information regarding pharmacodynamic interactions will be provided.

Overall conclusions on pharmacodynamics

The rationale for developing Suboxone for use in treating opioid dependency is that it should be
similar in efficacy to buprenorphine alone when taken sublingually, but should produce opiate
withdrawal effects if misused intravenously by an opioid-dependent subject.

The intravenous or intramuscular administration of buprenorphine/naloxone causes withdrawal effects
in heroin dependent subjects, and also in morphine- or methadone- stabilized subjects. Sublingual
administration of the buprenorphine/naloxone 4:1 combination produces opioid agonistic effects only.
High doses of intramuscular naloxone produce withdrawal effects in subjects stabilized on
buprenorphine. The dose was 10 times greater than doses that precipitate withdrawal in subjects
maintained on 30mg methadone. The applicant came to the conclusion that the need for higher doses
is consistent with the presence of only a low level of physical dependence in buprenorphine
maintained subjects.

It can be concluded from the results of the pharmacodynamic studies that the intravenous misuse
potential for Suboxone is very low in comparison with buprenorphine alone. The intravenous or
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intramuscular administration produces withdrawal effects in all opiate dependent subjects. Sublingual
or oral administration of naloxone in doses up to 8mg has no pharmacodynamic effects.

Clinical efficacy

This Section reviews the studies that show the efficacy of Suboxone for the clinical indication of
“Substitution treatment for major opioid drug dependence, within a comprehensive therapeutic
monitoring framework of medical, social and psychological treatment”. Of the fully reported trials,
one was conducted with Suboxone (CR96/013+CR96/014), and one with Buprenorphine alone
(CR96/013). Three 52-week studies of Suboxone provide evidence for the long-term effectiveness of
Suboxone (CR96/013+CR96/014, NIDA #1018, US08). Three double blind pilot studies of Suboxone
provided dose-finding information prior to commencing study CR96/013+CR96/014, or provide
information about less than daily dosing of Suboxone (CR95/002, Bupp 4729, Bupp 5113).

The main Suboxone efficacy studies are CR96/013 and CR96/014. All the other studies presented in

the table are pilot efficacy studies ore long term studies in different settings. Of those omly
NIDA#1018 and USO8 will be presented and discussed as supportive studies.
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Study  Design Study Posology Subjs by arm Duratio  Diagnosis Primary
11 entred/ n Incl. criteria ~ Endpoint
compl.
CR96 randomised, sublingual 109 4 Opiate opiate
/013 placebo- buprenorphine/ Bupr/nalox  weeks  dependence  craving
controlled, naloxone 16/4mg secking for  illicit drug
double blind, or buprenorphine 105 Bupr substitution  use
parallel group 16mg therapy
or placebo 109 Placebo
CR96 open label, flexible with 472 48-52  Opiate illicit drug
/014 subjects from buprenorphine/ weeks  dependence  use
study 96/013 naloxone doses of seeking for
and patients up to 24/6mg substitution
from 4 new therapy
centres
NID  openlabel with  Suboxone 8/2mg 582 9-52 Opiate illicit drug
A#10 no up to 24/6mg weeks  dependence  use
18 randomisation seeking for
substitution
therapy
USO8 multi center Suboxone up to 93 12-52 Opiate - illicit drug
randomized 24/6mg randomised weeks  dependence  use
open parallel 28 seeking for
group study completed substitution
52 weeks therapy
CR95 randomised Suboxone up to 25 up to Opiate illicit drug
/002  double blind 16/4mg only seven 21 dependence  use
parallel group completed weeks
Bupp double blind Suboxone up to 47 37 days Opiate illicit drug
4729  triple cross over  16/4mg only 14 dependence  use
completed
Bupp double blind Suboxone up to 46 enrolled 11 Opiate illicit drug
5113  triple cross over 24/6mg only 13 weeks  dependence  use
completed

*  Dose response studies
See Clinical Pharmacodynamics.
e Main studies

CR96/013 (and CR96/014): Phase III Multicenter Efficacy/Safety Study of Suboxone for the
Treatment of Opiate Dependence

METHODS

CR96/013 was a randomised, placebo controlled, double blind study intended to demonstrate the
safety and efficacy of four weeks treatment with Suboxone sublingual tablets.

Matched Buprenorphine alone (mono buprenorphine) tablets were included as an active control and
matched placebo tablets as a non-active control. The study was designed to compare each active
buprenorphine treatment against placebo. The 4-week study was the first part of a larger safety study
that offered continued open label treatment of Suboxone for up to a total of 52 weeks, including
at-home use. All subjects who completed the efficacy phase (CR96/013) were offered continued
treatment in the safety phase, and additional subjects were recruited directly into the safety study
(CR96/014).
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Study Participants ‘ : : B : : :

All participants were opiate—dependent and had used heroin for a median duration of 84 months and
about half of them had previously been treated with methadone or LAAM while the others were naive
to treatment. 64.7% were men and 35.3% were women; mean age was 37.6 years.

Treatments

A total of 451 subjects were screened from which 326 were randomised to treatment: 110 subjects to
Suboxone 16/4mg, 106 to taste-matched Buprenorphine alone 16mg, and 110to taste-matched
placebo. Three subjects, one in each group were not dosed. Therefore the intent-to-treat efficacy
sample comprised 323 subjects, 109 receiving Suboxone, 105 receiving Buprenorphine alone, and 109
receiving placebo tablets.

It was decided not to use Suboxone for induction but to use the taste-matched Buprenorphine alone
tablets, with the objective of achieving a rapid attainment of the target 16mg dose of buprenorphine,
without the complication of withdrawal symptoms, which might have occurred during induction.
Placebo group patients were inducted with matching placebo tablets and remained on this study
medication throughout the 4-week trial.

Objectives
The main objective of the sudy was to demonstrate the safety and efficacy of four weeks treatment
with Suboxone sublingual tablets versus placebo in reducing opiates misuse.

Outcomes/endpoints

There were two primary efficacy parameters: the number of opiate negative urine samples provided by
the subjects, and opiate craving score values. It was hypothesized that buprenorphine treatment with
Suboxone or Buprenorphine alone tablets would give rise to an increased number of opiate negative
urine samples and would reduce opiate craving scores.

Secondary outcomes: Subject’s global impression of his/her own status was reported using a 100-point
scale where a score of 50 represented ‘no change’ and a score of 100 represented ‘much better’.
Clinicians provided global impressions of their subjects’ status from the perspective of the entire
4-week study period and relative to the previous clinic visit using a similar scale. .

Sample size -

A target sample size of 128 subjects per treatment group was chosen based on power calculations for
the two primary efficacy variables, urine tests negative for opiates and opiate craving score, taking
into consideration a potential 33% attrition rate.

In order to detect a difference of 10% in urine tests negative for opiates between the buprenorphine
and placebo groups, with a Type I error of 0.05 an a power of 0.90, 84 subjects per treatment group
would be required.

A sample size of 86 subjects per group would be sufficient to detect a 10-point difference between
treatment groups in opiate craving with a Type I error rate of 0.05 and a power of 0.80.

Randomisation

A total of 451 subjects were screened from which 326 were randomised to treatment: 110 subjects to
Suboxone, 106 to taste-matched Buprenorphine alone, and 110to taste-matched placebo. Three
subjects, one in each group were not dosed. Therefore the intent-to-treat efficacy sample comprised
323 subjects, 109 receiving Suboxone, 105 receiving Buprenorphine alone, and 109 receiving placebo
tablets.

Blinding (masking)

Blinding was accomplished by using 1dent1ca11y appearing and tasting tablets for all three treatment
groups. Flavour was added to placebo and buprenorphine tablets to match the flavour of the
combination of buprenorphine/naloxone tablet.
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Statistical methods

In the protocol, pairwise normal approximation to the binomial (Z-test) was the proposed statistical
test for analyzing the percentage of urine samples negative for opiates. In fact, the distribution of the
percentage of urine samples negative for opiates was analyzed with the two-way ANOVA model
containing the fixed effects of center and treatment and included a center by treatment interaction. The
least squares means of the treatment groups were compared in pairs. The 95% confidence interval for
the difference between combination therapy and monotherapy was calculated. The two-way ANOVA
model was adjusted for center effect. Since the distribution of the percentage of clean urine samples
was severely skewed, the data were also analyzed with the Wilcoxon test to compare each pair of
treatment groups.

All statistical tests were performed as two-sided tests at the 5% level of significance. The baseline
characteristics and primary efficacy variables in the efficacy study were to be analyzed using “intend-
to-Treat methodology. For some of the efficacy parameters, some subsets of this sample were also
planned, such as those subjects with complete data sets, however, these were not performed.

RESULTS

Recruitment

A total of 451 subjects were screened from which 326 were randomised to treatment: 110 subjects to
Suboxone, 106 to taste-matched Buprenorphine alone, and 110to taste-matched placebo. Three
subjects, one in each group were not dosed. Therefore the intent-to-treat efficacy sample comprised
323 subjects, 109 receiving Suboxone, 105 receiving Buprenorphine alone, and 109 receiving placebo
tablets. All subjects enrolled in the efficacy study were opiate—dependent and had used heroin for a
median duration of 84 months (range 3 to 468 months) at the time of entry into the study. About half
of the subjects had previously been treated with methadone or LAAM while the others were naive to
treatment. The majority of subjects were white men in their mid-thirties. Of the 323 subjects in the
efficacy study, 64.7% were men and 35.3% were women; mean age was 37.6 years. There were no
statistically significant differences in any baseline characteristic between treatment groups.

Conduct of the study

The study terminated after significant statistical effects were shown between treatment and placebo
groups. For the 296 subjects who were not affected by the early closure of the study, retention in the
study was high; 243 subjects (82%) completed and 53 (18%) discontinued. Five of these subjects
discontinued due to adverse events. Three of them had received Suboxone; their adverse evenis
included nausea, vomiting, and withdrawal symptoms (1 subject); withdrawal symptoms alone (1
subject); and irritability, headache, and decreased appetite (1 subject). The remaining two subjects
had received Buprenorphine alone and experienced nausea (1 subject) and sedation and dizziness (1
subject).

Baseline data :
The study was conducted in the target population. Baseline data were comparable fort he three
treatment groups.

Numbers analysed
Of the 296 subjects who entered the dosing phase 243 completed the study.This is acceptable, as the
retention in study was high. 85% combination therapy; 84% monotherapy, and 77% placebo.

Outcomes and estimation

Negative urine samples: Statistical analysis of the results showed that patients treated with Suboxone
or Buprenorphine alone tablets had a significantly higher percentage of urine samples that were
negative for opiates than patients treated with placebo tablets. There was a statistically significant
effect of centre but the treatment-by-centre interaction was not significant. There was no significant
effect of age, gender or ethnicity on the percentage of clean urine samples, and there was no
significant interaction between these variables and treatment.
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Mean Percent (SE) Urine Samples Negative for Opiates by Treatment Group
for Subjects in the Efficacy Study

Treatment Group N Mean Percent (SE) | P-value vs. Placebo’
Buprenorphine/naloxone 109 17.8 (2.3) <0.0001
Buprenorphine 105 20.7 (2.8) <0.0001
Placebo 109 5817 -

Total ' 323 147 (1.4) —

fTwo—way ANOVA

Craving score: Upon entry into the efficacy study, opiate craving was moderate (mean scores
62.4 t0 65.6) and reflect no apparent differences between treatment groups. Over the 4-week study
period there was a steady decline in mean craving scores following treatment with both Suboxone and
Buprenorphine alone: at Week 4 the mean score in the Suboxone group was 29.8, and was 33.0 in the
Buprenorphine alone group and both were significantly lower than the change in opiate craving in the
placebo-treated group, that had a mean Week 4 craving score of 55.1. Also, at each week after
baseline, the craving scores in the Suboxone and Buprenorphine alone groups were significantly lower
than in the placebo group. No significant interactions between treatment and centre, age, gender or
ethnicity on craving scores were detected.

Opiate Craving Score Adjusted Means (SE) by Treatment Group and Follow-up
Period for Subjects in the Efficacy Study

Week Combination Therapy Monotherapy Placebo
o N ‘Mean (SE) . N Mean (SE) - N Mean (SE)
Baseline | 109 62.4(2.6) - 104 63.3(2.7) 109 65.6 (2.4
1 108 44.4(2.2) 104 43.7(2.3) 107 60.5(2.2)
2 98 33.8(24) 93 33.2(2.6) 100 57.0(2.3)
3 195 ] 302(2.86) 89 35.6(2.8) 90 544(2.6)
4 86 29.8 (2.8} 86 | 33.0(3.0) 79 55.1(2.8)
Combination therapy vs. Placebo: p<0.0001, repeated measures ANOVA, verified with splil-plot analysis ,

Monotherapy vs. Placebar p<0.0001, repeated measures ANOVA, verified with split-plot analysis

Secondary outcomes: Subject’s global impression improved over the 4-week study period: the mean
score for subjects treated with Suboxone increased from 64.1 to 75.7 and the mean score for subjects
treated with Buprenorphine alone increased from 65.8 to 74.7. At each week, subjects who received
Suboxone or Buprenorphine alone had significantly higher scores than those who received placebo.

At Week 4, mean clinician’s global impression scores were 69.2 and 66.5 for the Suboxone and
Buprenorphine alone groups, respectively, compared to the placebo group mean score of 57.9. The
scores in the Suboxone and Buprenorphine alone groups were statistically significantly higher than the
placebo score at each week.

The chosen primary and secondary efficacy endpoints were acceptable and in accordance with those
chosen for studies that lead to approval of Buprenorphine alone. ;

Compared with placebo treated subjects, those treated with Suboxone ore Buprenorphine alone had
statistical significant reduced heroin use, as judged by the higher percentages of urine samples that
were negative for opiates. Subjects also had a marked reduction in craving for heroin.

There was no effect of age on the efficacy results and there were no meaningful differences between
the genders or the different ethnic groups.

The study also showed that Buprenorphine alone treatment was similarly effective, and there were no
obvious differences between Suboxone and Buprenorphine alone: 16 mg doses of both products
produced similar mean increases in the numbers of opioid negative urine samples, and reduced opioid
craving by similar amounts. A post-hoc statistical analysis of non-inferiority of Suboxone and
Buprenorphine alone was undertaken but the study was found to be underpowered to provide a firm
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conclusion, but it was not the intention to show non-inferiority of Suboxone to Buprenorphine alone in
the context of this study. Although statistical significance was not established, the results indicate that
Suboxone is as effective as Buprenorphine alone in the treatment of opiate dependency.

Ancillary analyses

NA

s Analysis performed across trials (pooled analyses and meta-analysis)
NA '

s - Clinical studies in special populations
All relevant studies were conducted in the target population. Studies in children, in the elderly or in
patients with renal or hcpatlc impairment were not conducted with Suboxone.

s  Supportive study(ies)
NIDA#1018
Open study of Suboxone tablets to investigate ‘Best Practice’ for use in an office-based setting

NIDA #1018 was an open study of Suboxone tablets to investigate ‘Best Practice’ for use in an office-
based setting. The study was conducted in the USA. Physicians could each recruit up to ten opioid-
dependent subjects Treatment was for up to one year. A total of 582 (386 males) were enrolled in the
study.

Suboxone was successfully used to initiate treatment. On the first day of treatment, most patients
received 8 mg (190, 32.6%), 4 mg (126, 21.6%) or 16 mg (102, 17.5%) Suboxone.

During the remainder of the study, the doses of Suboxone were adjusted to meet individual patient’s
needs; the most frequent average daily doses were between 8 mg and 16 mg. A total of 189 patients
completed the study protocol representing a retention rate of 32%. Overall retention rates (27-35%)
were similar across all the treatment settings. Of thel89 patients, 162 (112 male and 50 female)
received at least 47 weeks of Suboxone treatment. '
Suboxone treatment was associated with reductions in the percentage of opiate-positive urine samples
during the study. Overall after 3, 6 and 12 months of treatment, 29.6%, 23.65% and 19.0% of urine
samples were positive for opiates compared with 90.5% at the start of treatment. Similar results were
found for self-reporting of opiate use by patients. Non-opiate drug use was also reduced during
treatment. Improvements were also noted in the Clinical Global Impression Scores recorded during
treatment. Overall there was a good level of agreement between patients’ and physicians’
assessments, with most patients being scored as ‘much improved’. Risk Assessment Battery (RAB)
results showed marked and statistically significant reductions in ‘Drug Risk’ and ‘RAB Scaled’ scores
following treatment. Addiction Severity Index results showed highly statistically significant
reductions in severity of ‘Drug-related Impairment’ and ‘Legal Status’ scores and a smaller reduction
in ‘Family/Social (Interpersonal Functioning)’ scores.

Overall there were 112,851 patient days of Suboxone dosing. The overall average daily dose of
Suboxone was 15.8 mg, although there was significant use of higher and lower doses.

This study confirms the results of the randomised study CR96/013. Subjects who remained in the
study exert reduced misuse of opiates. The low retention rate is typical for this patient group.

US08 Study (Randomized comparison of the use of Suboxone for opioid dependence in three office
based settings in the US4) A 52-week study compared the use of Suboxone for opioid dependence in
three office-based settings in the USA (US08). The study aims were: to document physicians’
preferred prescribing practices, including induction, dose adjustment, maintenance, and take-home
dosing; to document the ease or difficulty they encounter in delivering Suboxone in the three
treatment settings; and to document the acceptance, compliance, response and necessary adjustments
from the patients’ perspective. The three treatment settings were: an office-based psychosocial
treatment setting, using the Matrix Recovery / Relapse Prevention Model, within which buprenorphine
treatment was introduced by making available the service of a physician; a private physician’s office
within which buprenorphine is prescribed and supplemented with relapse prevention delivered by an
appropriately trained medical assistant; and a research clinic housed in a traditional opiate
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maintenance treatment (methadone) clinic but with personnel experienced in the clinical use of
buprenorphine.

A total of 128 patients were screened for participation in the study. Of these, 16 failed the screening
process, two others who passed the screening process failed to show for randomization. The efficacy
evaluable (EE) population comprised 93 patients and the intent to treat (ITT) population comprised
103 patients (EE population + 10 partners). The safety population comprised 104 patients (ITT
population + a subject treated at two settings).

On the first day of treatment, patients saw the physician and received a 2, 4 or 8mg first dose of
Suboxone taken sublingually at the clinic. Most (97) of the 103 patients were given 4mg Suboxone as
their first dose of Suboxone. Of the other 6 patients, 4 received 2mg and 2 received 8mg Suboxone as
their first dose. On the first day, patients could receive an additional Suboxone dose up to 8mg at the
treating physician’s discretion. Most patients were recorded as having taken 8mg Suboxone (50
patients) or were prescribed 8mg Suboxone (35 patients) as their total dose on Day 1. Twelve patients
received just 4mg total dose of Suboxone on Day 1. The other patients received a higher total dose of
Suboxone on Day 1. Patients were prescribed or dispensed enough medication to continue dosing
until the next office visit. Patients made contact with the study physician on the following day and
were seen by the physician at least one more time during the first study week for follow-up evaluation
to include drug use, signs and symptoms of opiate withdrawal or over-medication, and any adverse
effects. At that time, dosage could be adjusted by 8 mg/day increments, to a maximum of 24 mg
buprenorphine. o ‘ S

During weeks 2-6 patients saw the study physician once weekly for evaluation of treatment progress,
medication effects and side effects. A urine sample was obtained at each visit to screen for drugs of
abuse. Additional visits were to be scheduled as medically indicated. After Week 6 the study
physician reviewed and discussed treatment progress and options with the subject to determine
whether to begin detoxification, continue further maintenance, or explore other treatment options.
Buprenorphine treatment could continue for up to 52 weeks.

Urinary opiate results are not available from the study.

~ Retention of patients in treatment is-an-important indicator of treatment efficacy. Of the 104 patients, -
28 completed the study, 26 of who completed at least 47 weeks of Suboxone treatment.  Of the 76
patients who discontinued early, 47 failed to return to the clinic at some point in the study, and 14
patients requested early termination from the study. Three patients. discontinued due to unwanted
effects of the medication.

This study report provides limited efficacy information since urinary opiate resuits are not available.

Studies CR95/002, Bupp4729, and Bupp5113 were pilot studies. Only a few subjects completed the
studies. No additional results were obtained to demonstrate efficacy.

e Discussion on clinical efficacy

Study CR96/013 demonstrates statistical significant superiority of Suboxone compared to placebo
regarding all primary and secondary efficacy endpoints. The resuits aiso indicate that Suboxone is as
effective as Buprenorphine alone in the treatment of opiate dependency.

This conclusion is endorsed by the results of the open Suboxone studies CR96/014, NIDA#018 and
USO8 including more than 1000 patients:

Successful detoxification can be obtained with Suboxone titrated downward to 2mg before termination
of the therapy. However, in some patients it is necessary to titrate downward from 2mg in small steps
of 0.4mg before termination of the therapy.

The CHMP was concerned, as for these patients a titration would be possible only with Buprenorphine
alone. As Suboxone is indicated for substitution treatment for opioid dependence, be it acute
detoxification or maintenance treatment, is clinically justified to have 0.4mg/0.1mg Suboxone tablets.

The Applicant argued that the efficacy and safety of Suboxone and Buprenorphine alone when used as
directed are comparable. Therefore, it should be acceptable to patients to use the 0.4 mg
Buprenorphine alone tablet for those exceptional circumstances when doses below 2 mg
buprenorphine are required and, since detoxification of patients who are continuing to inject opioids is
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not likely to be considered an appropriate course of treatment, the lack of a combination tablet in this
dose range should not present a significant clinical issue.

Where it is not desirable to switch detoxification therapy from Suboxone to Buprenorphine alone (or
any other buprenorphine that might be available for the treatment of opioid addiction in the future),
the CHMP agreed with the applicant’s position that the lack of a combination tablet in this dose range
should not present a significant clinical issue. Therefore a follow up measure is adequate.

In conclusion detoxification with a switch from Suboxone to Buprenorphine alone will be monitored,
as a part of the risk management plan.

Clinical safety

Suboxone is proposed for the treatment of opiate dependence. Buprenorphine alone (buprenorphine)
is a well-established substitution treatment for opiate dependency as an alternative to methadone
treatment. Buprenorphine has equal efficacy to other substitution treatments but has the added benefit
of being safer in overdose as there is a ceiling effect on respiratory depression. Buprenorphine alone
(buprenorphine alone) has been licensed in France since 1996. It became clear however that the
diversion of Buprenorphine alone to the black-market and inappropriate use was occurring. There
were deaths, due to respiratory depression and cardiovascular collapse in addicts who misused
buprenorphine, especially with the concomitant use of benzodiazepines. The concept of combining
buprenorphine and naloxone in a single tablet stemmed from the goal of deterring intravenous misuse
of buprenorphine by opiate addlcts

e  Patient exposure
The total exposure to Suboxone is 1631 patients. The total long—term exposure is 1158 patients. In
CR96/013 and CR96/014 the 16mg and the 20mg/day doses were the most frequently administered.

The 16 mg dose had the highest exposure

Study Product N. Men Wome | Duration

) subjects n
CR95/002 Suboxone 25 16 9 6-20 wks
CR96/013+CR96/014 Suboxone 4mg-24mg 472 327 145 52 weeks
Uso8 Suboxone 4mg-24mg 104 66 38 52 weeks
NIDA #1018 Suboxone 4mg-24mg 582 386 196 52 weeks
0600201 Suboxone 4mg 40 31 9 12 weeks
Bupp 4729 Suboxone 8mg 47 33 14 11 weeks
Bupp 5113 Suboxone 8mg 46 30 16 11 weeks
Bupp 6683 Suboxone 2mg-32mg 17 11 6 26 weeks
Australian Study
RC050175 Suboxone 2mg-32mg 64 52 12 Upto 75
Finnish Study weeks
10.CTN-001 and CTN | Suboxone 1mg— 8mg 234 161 73 2 weeks
002
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Table: Demographic characteristics of Patients in the long term Suboxone studies

Race Total Age range Women | Agerange | Men | Agerange |% Male
White 754 (15-61) 252 (15-61) 502 (16-61) 66.6
Black 202 (18-65) 76 (18-60) 126 (22-65) 62.4
Hispanic 138 (21-66) 25 (21-52) 113 (21-66) 81.9
Other Hispanic 29 (33-65) 10 (33-45) 19 (34-65) 65.5
Asian/Pacific Islander 12 (21-56) 4 (23-41) 8 (21-56) 66.7
Native American 11 (24-60) 7 (24-47) 4 (36-60) 364
Asian 9 (19-39) 4 (19-36) 5 (28-39) 55.6
Other 3 (24-42) 1 24 2 (24-42) 66.7
Total 1158 (15-66) 379 (15-61) 778 (16-66) 67.3

Suboxone Doses used in Clinical Trials

‘When the number of dose levels to which each subject was exposed was counted, including induction
and titration doses, the 16 mg/day and the 20 mg/day doses of Suboxone were the most frequently
administered. The minimum and maximum Suboxone doses used for maintenance treatment were
4 mg/day and 24 mg/day, respectively. A 2 mg/day dose was used during dose-reduction at the end of
the study. ‘

Individual subjects attained a stable dose level of buprenorphine/naloxone and tended not to deviate
from this dose during the study.

Overall, there was a total of 92,930 person-days exposure (average of 197 person-days per subject)
among the 472 subjects in the safety study. The 16 mg Suboxone dose had the highest exposure
(32,448 person-days), with an average of 82 person-days per subject

_Adverse events

A proﬁle of adverse events relatmg to clinical use of Suboxone is obtained from the 52-week p1v0ta1 o

efficacy/safety study (CR96/013 + CR96/014) and from the 52-week Suboxone Safety/Best Practice
study (NIDA #1018). Comparison of Suboxone, Buprenorphine alone and placebo is made from the
4-week efficacy study (CR96/013).

Commen Adverse Events

Adverse Events Following Treatment with Suboxone Buprenarphme alane and Placebo in Study
CR96/013

Overall Adverse Events

Buprenorphine, whether administered alone or in combination with naloxone, was well tolerated. The
most frequently reported events during the efficacy study (reported by at least 10% of subjects) were
headache, withdrawal syndrome, pain, insomnia, nausea, and sweating. Of the more common events,
headache, abdominal pain, and constipation were reported somewhat more frequently by the subjects
in the buprenorphine groups compared to the placebo group. Placebo subjects reported a higher
incidence of back pain, withdrawal syndrome, diarrhoea, and rhinitis than buprenorphine-treated
subjects.

When adverse events most frequently reported by subjects treated with either buprenorphine
formulation were examined, the frequency of adverse events was similar between the treatment groups
in the vast majority of cases. Amongst events that were reported by fewer than 5% of the subjects,
somnolence was somewhat more common amongst buprenorphine-treated subjects; no other trends
were observed.
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CR96/013: Adverse Events Reported by at Least 5% of Subjects Overall by Body System and Treatment Group

Adverse Event Suboxone Buprenorphine Placebo All
(COSTART Coded Term) N =107) alone WN=107) N =317
N =103)
Body As A Whole
Asthenia 7(6.5%) 5 (4.9%) 7 (6.5%) 19 (6.0%)
Chills 8 (1.5%) 8 (7.8%) 8 (1.5%) 24 (7.6%)
Headache 39 (36.4%) 30 (29.1%) 24 (22.4%) 93 (29.3%)
Infection 6 (5.6%) 12 (11.7%) 7 (6.5%) 25 (7.9%)
Pain 24 (22.4%) 19 (18.4%) 20 (18.7%) 63 (19.9%)
Pain Abdomen 12 (11.2%) 12 (11.7%) 7 (6.5%) 31 (9.8%)
Pain Back 4 (3.7%) 8 (7.8%) 12 (11.2%) 24 (7.6%)
Withdrawal syndrome 27 (25.2%) 19 (18.4%) 40 (37.4%) 86 (27.1%)
Cardiovascular System ‘
Vasodilatation [ 10093%) | 4 (3.9%) | 7(65%) | 21(6.6%)
| Digestive System
Constipation 13 (12.1%) 8 (7.8%) 3 (2.8%) 24 (7.6%)
Diarthoea 4 (3.7%) 5 (4.9%) 16 (15.0%) 25 (1.9%)
Nausea 16 (15.0%) 14 (13.6%) 12 (11.2%) 42 (13.2%)
Vomiting  8(7.5%) 8 (7.8%) 5 (4.7%) 21 (6.6%)
Nervous System
Insomnia [ 15014.0%) | 22(214%) | 17(159%) | 54(17.0%)
Respiratory System
Rhinitis | 5(47%) | 10 (9.7%) | 14@013.1%) | 29(9.1%)
Skin And Appendages
Sweating | 15(140%) | 13(12.6%) | 11(103%) | 39(12.3%)

Source data: Table 40 of CR96/013 + CR96/014 study report. Report located in Module 5, Section 5.3.5.1.1

Treatment Relationship and Severity
The most common adverse events that were judged by the investigators to have been at 1east possibly
related to either of the buprenorphine treatments were headache (26.2% of Suboxone subjects, 18.4%
of Buprenorphine alone subjects), insomnia (10.3%, 17.5%), nausea (13.1%, 9.7%), sweating (11.2%,
9.7%), and constipation (11.2%, 6.8%). The incidence of adverse events was comparable when
buprenorphine was administered as monotherapy as compared to administration in combination with

naloxone.

The majority of adverse events reported were either mild or moderate in severity. Headache, pain, and
withdrawal syndrome were the most frequent events reported as being severe in intensity.

CR96/013: Adverse Events Classified as Severe in Intensity

Adverse Event Suboxene Buprenorphine Placebo All
(COSTART Coded Term) (N=107) alone (N=107) (N=317)
(N=103)
Body As A Whole
Asthenia 1 (0.9%) 0 0 1 (0.3%)
Fever 1 (0.9%) 0 0 1(0.3%)
Headache 54.7%) 2 (1.9%) 2 (1.9%) 9 (2.8%)
Accidental Injury 0 0 2 (1.9%) 2 (0.6%)
Pain 2 (1.9%) 2 (1.9%) 1 (0.9%) 5 (1.6%)
Pain, Abdomen 1 (0.9%) 0 2 (1.9%) 3(0.9%)
Pain, Back 0 1 (1.0%) 1 (0.9%) 2 (0.6%)
Withdrawal Syndrome 1 (0.9%) 1 (1.0%) 3(2.8%) 5 (1.6%)
Cardiovascular System
Syncope 0 0 1(0.9%) 1 (0.3%)
Digestive System
Constipation 2 (1.9%) 0 0 2 (0.6%)
Gastrointestinal Disorder 1(0.9%) 0 0 1(0.3%)
Nausea 0 1 (1.0%) 0 1(0.3%)
Nausea/Vomiting 0 0 1 (0.9%) 1 (0.3%)
Stomatitis 1 (0.9%) 0 0 1(0.3%)
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Adverse Event Suboxone Buprenorphine- Placebo- |- All
(COSTART Coded Term) (N=107) alone (N=107) (N=317
(N=103)

Tooth Disorder 1 (0.9%) 0 0 1(0.3%)
Musculoskeletal System

Myalgia 1 (0.9%) 0 0 1 (0.3%)
Nervous System

Convulsions 1 (0.9%) 0 0 1 (0.3%)

Depression 1 (0.9%) 0 0 1(0.3%)

Drug Dependence 0 0 1 (0.9%) 1 (0.3%)

Emotional Lability 1 (0.9%) 0 0 1 (0.3%)

Insomnia 0 0 2 (1.9%) 2 (0.6%)

Paresthesia 1 (0.9%) 0 0 1 (0.3%)
Respiratory System

Rhinitis 0 0 1 (0.9%) 1 (0.3%)
Special Senses

Conjunctivitis 0 1(1.0%) 0 1 (0.3%)
Urogenital System

Dysmenorrhea 1 (0.9%) 0 1 (0.9%) 2 (0.6%)

Urinary Tract Disorder 0 0 1 (0.9%) 1 (0.3%)

Source data: Table 42 of CR96/013 + CRS6/014 study report. Report Iocated in Module 5, Section 5.3.5.1.1

In study CR96/013, the more commonly reported adverse events (reported by 5% or more of the
subjects overall) were reviewed for possible difference by gender, ethnicity, duration of heroin abuse,
and baseline liver function.

Adverse Events Reported During Long-term Treatment with Suboxone

Adverse events following two 52-week studies of Suboxone have been reported from studies:
CR96/013 /014 and NIDA #1018.

Adverse Effects - - e - L : S ; ,
Of 472 subjects in Study CR96/014, 446 (94.5%) experienced a treatment-emergent adverse event at
some time while on-treatment. Most of these reported events appear to be either events that are
common in the general population, or would be expected in a population of illicit drug users. Among
all subjects receiving the buprenorphine/naloxone tablet, the most frequently reported events were
headache, pain, withdrawal syndrome, infection, insomnia, back pain, and constipation, each reported
by more than 20% of subjects. Additionally, flu syndrome, abdominal pain, nausea, rhinitis, sweating,
accidental injury, depression, anxiety, pharyngitis, vomiting, diarthoea, and asthenia were each
reported by more than 10% of subjects.

The incidence of adverse events appeared to increase with dose level; 89 of the 131 subjects (67.9%)
taking the lowest dose (4mg Suboxone) reported adverse events whereas 46 of the 48 subjects (95.8%)
taking the highest dose (24mg Suboxone) reported adverse events. At the most commonly prescribed
dose level (16mg Suboxone), 339 of the 394 subjects (86.0%) reported adverse events. There were
some events that appeared to occur with higher incidence as the dose increased. However, since the
design of the study was titration with low doses and progressively increasing doses, there was also an
increase in duration of exposure as the dose increased.

Adverse events reported by at least 5% of subjects in study CR96/013 + CR96/014 are summarized by
body system in the Table below.
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CR96/013+CR96/014: Adverse Events Reported by at Least 5% of Subjects

Adverse Event All Subjects
(COSTART Coded Term) N=472)
Body as a Whole
Asthenia 48 (10.2%)
Chills 44 (9.3%)
Fever 36 (7.6%)
Flu Syndrome 89 (18.9%)
Headache 202 (42.8%)
Infection 149 (31.6%)
Accidental Injury 72 (15.3%)
Pain 197 (41.7%)
Pain Abdomen 77 (16.3%)
Pain, Back 132 (28.0%)
Withdrawal Syndrome 194 (41.1%)
Cardiovascular System
Vasodilatation 29 (6.1%)
| Digestive System
Constipation 115 (24.4%)
Diarthoea 50 (10.6%)
Dyspepsia 45 (9.5%)
Nausea 76 (16.1%)
Tooth Disorder 37 (7.8%)
Vomiting 61 (12.9%)
Metabolic and Nutritional
Peripheral Oedema 24 (5.1%)
Musculoskeletal System
Myalgia 31 (6.6%)
Nervous System
Anxiety 65 (13.8%)
Depression 70 (14.8%)
Dizziness 33 (7.0%)
Insomnia 138 (29.2%)
Nervousness 42 (8.9%)
Paresthesia 28 (5.9%)
Somnolence 40 (8.5%)
Respiratory System
Cough Increased 36 (7.6%)
Pharyngitis 64 (13.6%)
Rhinitis 75 (15.9%)
Skin and Appendages
Sweating 74 (15.7%)

Source data: Table 66 of CR96/013 + CR96/014 study report. Report located in Module 5, Section 5.3.5.1.1

A subset of 261 subjects in the safety study were exposed to Suboxone for at least 6 months. There
were no clear differences in the frequency of adverse events in this sample compared with the overall
safety sample; frequently reported adverse events (reported by at least 20% of the subjects) had a
somewhat higher incidence in subjects exposed for at least 6 months and included pain, headache,
infection, withdrawal symptoms, back pain, insomnia, constipation, flu syndrome, depression,
accidental injury, rhinitis, and pharyngitis. Anxiety, abdominal pain, nausea, vomiting, asthenia,
sweating, diarrthoea, dyspepsia, tooth disorder, chills, fever, and paraesthesia were each reported by
10% or more of the subjects. In terms of evaluation by dose, the observations for subjects exposed to
Suboxone for 6 months or more are similar to those observed for all subjects, where the apparent
increase with dose level may equally relate to the increased duration of exposure.
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Treatment Relationship and Severity e

The most frequently reported adverse events that were Judged by the 1nvest1gator to have been at 1east
possibly related to the study drug (Suboxone) were headache (30.3% of subjects), constipation (21.6%
of subjects), insomnia (20.3% of subjects), withdrawal syndrome (15.7% of subjects), sweating
(12.1% of subjects), and nausea (11.2% of subjects) Most of the adverse events reported in the study
were mild or moderate in severity. For the treatment-related adverse events most frequently reported
by all subjects, pain and back pain were the most frequently reported as being severe in 3.6% and
3.2% of subjects, respectively. Severe withdrawal syndrome was reported by 2.3% of subjects. For
subjects exposed for at least 6 months, the same general trends were apparent; severe pain and severe
back pain were reported for 5.4% and 5.0% of subjects, respectively. When looking at the dose
distribution of severe adverse events, they tended to occur with the most frequently prescribed doses,
16mg and 20mg Suboxone per day.

e Serious adverse event/deaths/other significant events

In total, 367 non-fatal serious adverse events were reported during clinical trials of
buprenorphine in the treatment of opioid dependence: 175 in subjects treated with Suboxone, 28 with
Buprenorphine alone, 115 with buprenorphine solution, 25 with methadone, 12 with placebo, 7 with
clonidine, 4 in undosed subjects and 1 not stated.

- All Trials: Serious Adverse Event Counts by Body Slstein

Body system Cases
Application Site 3
Benign and Malignant Neoplasms , 3
Body as a Whole 11
Cardiovascular 18
Central and Peripheral NS 11
Gastrointestinal 19
Immune System 4
Infection and infestation 41
Injury and Poisoning ' : - 31
Liver and Biliary 52
Metabolic and Nuiritional 2
Musculo-Skeletal 11
Psychiatric 129
Renal and Urinary 5
Reproductive 3
Respiratory 17
Skin and Subcutaneous 7
TOTAL 367

The serious adverse event preferred term most commonly reported was Elevated Liver Function Tests
{47 cases in the Liver and Biliary Body System); The next most commonly reported events were:
depression (34), overdose (25), detoxification request leading to hospitalisation (23), abscess (17),
chest pain {14), pneumonia (13), automobile accident (13), infection (9), suicide attempt (9), asthma
(8), seizure (8), cellulitis (7), suicide ideation (7), anxiety (6), surgery (6), obstructive pulmonary
disease (5), and fracture (4). The cases of overdose, depression, suicide attempt, and suicide ideation
show the instability of the addict patient population and point to the need to regularly monitor
progress during treatment. , ,

Of the other less frequently reported serious adverse events reported in clinical trials, two cases of
allergic reaction occurred just hours following the sublingual administration of the first dose of
Buprenorphine alone. In one case the reaction was severe and life threatening while the other case
was of moderate severity. Two cases of myocardial infarction occurred, both in 46-year-old male
subjects being treated with Suboxone. One had a history of pulmonary disease, secondary to smoking
and grain dust inhalation at work; this event was judged unrelated to study drug. The other subject
had a history of smoking and hypertension; the Principal Investigator judged this event to be possibly
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related to the study drug. Both cases were mild in severity. Other serious adverse events were those

that would be expected in this patient group or the general population over the study periods.

Serious Adverse Events in Subjects Receiving Suboxone in Clinical Trials of Opioid Dependence

A total of 175 serious adverse events were reported in patients receiving Suboxone in five clinical

trials.

Apart from detoxification requests that led to hospitalisation (34 subjects), the most common serious
adverse events reported for Suboxone treated subjects were depression (14), elevations in liver

function tests (protocol reports, 11), overdose (11), pneumonia (9), abscess (8), and chest

subjects).

Adbverse Events Leading to Discontinuation from Treatment in Clinical Trials

pain (7
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|Adverse Event Preferred Term - Suboxone Buprenorphi| - Bup Sol Methadone Total
ne alone

Weight loss 1 1

TOTAL 42 22 42 10 116

Analysis of Adverse Events by Organ System or Syndrome

The serious adverse event preferred term most commonly reported was elevated liver function tests
(47 cases in the Liver and Biliary Body System). A few serious cases of acute hepatic injury have been
reported in subjects misusing buprenorphine by the intravenous route, and increases in liver enzymes
have been reported in other patients receiving buprenorphine. This prompted a retrospective analysis
of hepatic cases from clinical trials and from the marketing of Buprenorphine alone (Report
RCO020117). This analysis was undertaken on data from 1615 patients who took part in five clinical
trials where there was a baseline measurement of hepatic parameters plus regular on-treatment
measurements. Of these, 252 patients (15.6%) had liver function parameter levels greater than or equal
to three times the higher limit of normal at some point during the studies. Generally, continued
treatment with buprenorphine was not associated with a worsening of the condition and often was
associated with a reduction or normalization of hepatic function parameters.

A large number of the serious adverse events related to the ‘Psychiatric’ body system: depression (34),
overdose (25), detoxification request leading to hospitalisation (23), suicide attempt (9), suicide
ideation (7), anxiety (6).

Another large group of adverse events, often resulting in discontinuation from treatment, relate to the
‘Gastrointestinal’ System and include nausea, nausea with vomiting and vomiting.

Withdrawal symptoms are the other main group of adverse events seen in clinical trials of
buprenorphine, and are common to addicts undergoing transition from street opiate to pharmacological

treatment.
Deaths in Clinical Studies
There have been 13 deaths that occurred in clinical trials of buprenorphine for the treatment of opioid

dependence. Deaths Occurring in Buprenorphine Clinical Trials of Gpioid Dependence, by Body
System
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f Adverse event leading to death
Study Treatment  [Dose Study ’l:’referred 'Verbatim term [Relationship |Action Study
day - |[term indicated day -
onset death
CTN-001  iSuboxone 2-16 mg schedule] ~122 |Vomiting and |Acetaminophen poisoning., (Unrelated [Hospitalization | ~123
over 13 days dehydration frespiratory failure and MI )
INIDA #1018{Suboxone 24 mg ~110 (IInfection Necrotizing fascitis IV heroin Unrelated Hospitalization | ~122
INIDA #1018|Suboxone 6 mg ~383 _|Overdose Temazepam Overdose Unknown None ~383
OASIS Suboxane 20 mg 191 [Imfection Infection [Possible [Hospitalization ?
INEPOD #10 {Buprenorphine 32 mg on Suicide Carbon monoxide poisoning Unrelated [None
lone alternate days
CR88/130 |Buprenorphine |8 mg 37 verdose Drug Overdose {Unrelated INone 37
solution ie lo
CR92/100 Buprenorphine {8 mg 147 nfhgronary Coronary thrombosis (Unrelated Hospitalization | 147
solution ombosis
CR92/100 [Buprenorphine [32 mg 265 "Infection Dehydration and sepsis nrelated IHospitalization | 265
solution
ICTN-001  (Clonidine 0.4 mgperday | ~127 [Endocarditis |[Endocarditis secondary to {Unrelated Hospitalization | ~127
by patch for 3 istaphylococeus aureus infection
days
ICR88/130 [Methadone 20 mg 7  |Accidental ~ Multiple injuries [Unrelated None 7
: injury
Bupp 3773 [Methadone 30 mg 18  |Stab wound [Multiple stab wounds Unrelated None 18
CR96/005 [Methadone 35 mg ~548 |lAccidental  [Slipped and fell from a window | [Unrelated None ~548
injury
Bupp 3773 [Not known Post "Cancer Unknown  [Hospitalization | Post
study study

e Laboratory findings
No remarkable laboratory findings. The hepatic vulnerability will be discussed in the following
section.

e  Safety in special populations

Patients with Hepatic Vulnerability

A retrospective evaluation of the potential for buprenorphine-induced hepatotoxicity was undertaken
in 2002; this also examined the role of viral hepatitis in increasing vulnerability to hepatotoxicity
(Report RC020117). With regard to in vitro and preclinical work, this showed that very high
concentrations of buprenorphine are toxic to hepatic mitochondria. However, the concentrations used
in these experiments far exceed tissue concentrations likely from therapeutic use of buprenorphine. In
clinical trials, elevations in hepatic enzymes were observed in 12.3% of patients being treated. An
elevation of liver enzyme levels was not unique to buprenorphine since similar rises were also
observed following treatment with methadone and LAAM. Generally, continued treatment with
buprenorphine was not associated with a worsening of the condition and often was associated with a
reduction or normalization of hepatic function parameters. In 81.7% of hepatic cases treatment was
associated with rises in liver enzymes. However, in 8.0% of cases there was a reduction of liver
enzymes, and in the other 10.3% of cases there was no obvious change in already elevated hepatic
parameters.

The more confounding / contributory factors a patient has, the more likely he or she is to have an
exaggerated hepatic enzymes response to treatment with buprenorphine. Thus, patients with existing
HCV and / or who are taking anti-AIDS drugs are more vulnerable when treated with buprenorphine
(or methadone and LAAM). In a few cases, introduction of buprenorphine to patients with no
previous history of hepatitis was associated with a large elevation of liver enzyme levels, and
withdrawal of the drug was associated with an improvement. However, since most addict subjects
have other confounding factors, not least chaotic life-style of intravenous misuse of drugs, and their
pre-treatment hepatitis status is usually not laboratory based, it could not be concluded that
buprenorphine, per se, causes hepatitis, but it still remained a possibility.

It can be concluded that patients with existing hepatitis and/or HCV infection are probably more likely
to have greater increases in hepatic enzymes during treatment with buprenorphine (or methadone and
LAAM) than others without these complications.
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Differences in baseline liver functions (232 subjects in study CR96/013 had normal baseline liver
function and 85 had abnormal baseline liver function) did not appear to be associated with any
consistent trend in the incidence of adverse events.

~ Use of Suboxone in Pregnancy

Currently clinical information on the use of Suboxone tablets in pregnancy is from four women
receiving the product who became pregnant during study CR96/013+CR96/014. Three of the
pregnancies were aborted, one spontaneous and the other two elective; the other pregnancy went to
term. The latter case was a 29-year-old woman with no noteworthy active medical problems aside
from drug abuse; she was using a barrier contraceptive as her only form of birth control. She had a
negative pregnancy test recorded at Week 12 and the next recorded test at Week 20 was positive, then
reporting not using any form of birth control. She was terminated from the study at that time. The
subject delivered a ‘drug addicted’ baby girl who had respiratory difficulties, and weighed slightly
over 4 pounds. The baby recovered from the drug addiction and respiratory difficulties, and no birth
defects or permanent abnormalities were noted. The baby was reported as doing well and gaining
weight. Later she was placed in foster care.

Use of Buprenorphine alone in pregnant women

It is clear from post marketing adverse event reports that Buprenorphine alone is being used in
pregnant women because a number of the wiost frequently reported events related to this use: Drug
Exposure during Pregnancy (300 cases), Drug Withdrawal Syndrome Neonatal (212) and Tremor
Neonatal (21). A number of foetal abnormalities and foetal deaths also were reported.

In some markets Buprenorphine alone is contraindicated in pregnancy and in others Buprenorphine
alone use is based on evaluation by the physician of the risk of Buprenorphine alone use versus
continued illicit heroin use. The cases of foetal death and deformities did not display any unusual
pattern and were not specific to the use of buprenorphine. In neonates of opioid dependent mothers the
following problems occur more often: small for gestational age, reduced weight and length, premature
delivery, small head circumference, neonatal withdrawal, and later mental, emotional or behavioural
prohlems

e Safety related to drug—drug interactions and other mteractlons
Drug interaction proﬁle in v1tro and in vivo was descnbed for buprenorphme alone and not for the
fixed combination. '

No information to interactions is present in the post marketing database. The SPC includes
information regarding the interactions and the monosubstances in section 4.5 and 4.9.

o Discontinuation due to adverse events

In clinical trials of opioid dependence with buprenorphine there have been 116 cases of adverse events
leading to discontinuation from treatment. Of the 1715 subjects who were treated with Suboxone in
clinical studies, 42 (2.4%) discontinued due to adverse events. This percentage compares favourably
with patients who discontinued due to adverse events being treated with Buprenorphine alone (5.9%),
buprenorphine solution (4.4%), and methadone (1.8%).

Discontinuations from Treatment due to Adverse Events

Treatment Total Patients |Number discontinuing due to adverse events; %
Suboxone 1715 42 2.4%
Buprenorphine alone 370 22 5.9%
Buprenorphine Solution 949 42 4.4%
Methadone 567 10 1.8%
TOTAL 116

Most of the discontinuations were due to a withdrawal syndrome (19) or individual withdrawal
symptoms, which are not unexpected in patients being stabilised from street opiates. Nausea (12),
nausea with vomiting (8), and vomiting (5) are known side effects of buprenorphine treatment that
affect some patients more than others. Dizziness (7) is a known side effect of buprenorphine.
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The discontinuation rates of Suboxone or Buprenorphine alone treated subjects are comparable.

e  Post marketing experience

Post marketing exposure to Suboxone

For Suboxone, in the period from launch in the USA in April 2003 until March 31, 2005, 21.1 million
tablets (6.52 million 2mg, and 14.58 million 8mg tablets) were distributed for the treatment of opioid
dependent patients. This is equivalent to 16.21 million doses of 8mg Suboxone or 8.11 million doses
of 16mg Suboxone taken over the 23-month period, or 23,190 or 11,595 patients treated with 8mg or
16mg Suboxone per day, respectively. '

Post Marketing Exposure to Suboxone and Buprenorphine alone

Suboxone Buprenorphine alone

Launch (April 2003) to March 2005 Launch (February 1996) to March 2005
Dosage form Millions of tablets Millions of tablets
0.4 mg tablet Product not available 70.22
2 mg tablet 6.52 307.99 =
8 mg tablet 14.58 198.99
Total tablets 21.32 577.2
Number of daily doses| 8.11 million 16mg doses over 23 months 279.5 million 8mg doses over 10 years
Patients per year | 11,595 patients (based on 16mg per day) 76,575 patients (based on 8mg per day)

Source data: 2005 PSUR (Report RC050324). Report located in Module 5, Section 5.3.6.2

Suboxone Post Marketing Adverse Events

In the period since the launch in the USA in April 2003 to March 31, 2005, there were 89 post
marketing adverse events reported for Suboxone. The types of adverse events were similar to those
reported for Buprenorphine alone.

Buprenorphine alone Post Marketing Adverse Events

Safety data pertaining to the buprenorphine tablet are available from marketed use in France since
February 1996.

The profile of adverse events relating to Buprenorphine alone use has been similar year on year.
Overdose deaths in addicts using Buprenorphine alone in combination with other psychoactive agents
continue to be the most serious events. Neonatal withdrawal symptoms, usual not serious but frequent
in number, relate to the continued safe use of Buprenorphine alone in pregnant opioid dependent
women. Reports of hepatitis and elevations of hepatic enzymes continue to be reported at a low
incidence. Usually, these occur in subjects already compromised with HCV infection, or who are
taking other drugs know to have hepatic effects. Intravenous misuse is also a contributory risk factor
for hepatic adverse events.

The adverse event profiles of Suboxone and Buprenorphine alone are comparable regarding post
marketing exposure.

Retrospective collection of patient data in study RCO050175 in Finland regarding patients
switched from Buprenorphine alone to Suboxone treatment.

Data were collected from the records of 64 patients, 52 male and 12 female. Twenty of the patients
had been treated with Suboxone for over a year at follow up.

During the 4 week observation period, there were approximately 1714 patient days of dosing with
Suboxone, either alone or in combination with Buprenorphine alone. There were approximately 17883
patient days of dosing with Suboxone during both the 4 week study period and the follow up period.
An average daily dose during the 4 week study period was calculated by each patient by summing the
doses prescribed and dividing by the number of days the patient remains in the study. The estimated
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overall average daily dose of Suboxone when not in combination with Buprenorphine alone was
22.9mg. Half of the patients were taking Suboxone at doses between 20mg and 28mg.

There were no deaths ore other serious adverse events reported for patients in the study.

During the 4-week period 32 of 64 patients reported adverse events. During the follow up 19 of 61
patients reported adverse events.

e Discussion on clinical safety
Suboxone doses in clinical trials ranged from 2mg to 32mg. Sufficient safety data is available for
doses up to 24mg daily in different age and ethnic groups.

In the European Union, Buprenorphine alone (Buprenorphine) was first approved for substitution
treatment of opioid dependence in 1995 and has been marketed since 1996.

Suboxone (Buprenorphine+Naloxone) have been marketed in the USA since April 2003 and therefore
safety data could be presented over a period of more than two years.

In Finland, Suboxone was made available in late 2003 under special license, which made it possible
for a retrospective study to be conducted on subjects who switch from Buprenorphine alone to
Suboxone, thereby allowing the evaluation of safety resulting from such a switch.

The three 52-week clinical trials of Suboxone (CR96/013+CR96/014, NIDA#1018, US08) provide the
main safety database for Suboxone, supported by a number of smaller Suboxone studies and the above
mentioned post marketing data. A second safety database is from Buprenorphine alone clinical trials,
buprenorphine sublingual solution clinical trials, and from clinical pharmacology studies.

3034 patients (2054 male, 980 female) were exposed to buprenorphine in clinical trials.

The most frequently reported events during the efficacy study were headache, withdrawal syndrome,
pain, insomnia, nausea and sweating. The incidence of adverse events was comparable when
buprenorphine was administered as monotherapy as compared to administration in combination with
naloxone. The majority of adverse events reported were either mild or moderate in severity.
Headache, pain, and withdrawal syndrome were the most frequent events reported as being severe in
intensity. When looking at the dose distribution of severe adverse events, they tended to occur with the
most frequently prescribed doses, 16mg and 20mg Suboxone perday. =

The serious event preferred term most commonly reported was elevated liver function test. This is not
a normal category of serious adverse events reporting but was designated as such in the protocols of
studies CR96/013+CR96/014. The large number of serious adverse events related to psychiatric body
system is explainable by the instability of the addict patient population and lead to the conclusion that
a regularly monitoring during treatment is needed. Adverse events relating to the gastrointestinal
system occur very often after induction of an opioid treatment, particularly in opioid naive patients.
Therefore it’s not surprising that these adverse events are common reasons for discontinuation. The
number of deaths is not increased in Suboxone treated subjects.

It can be concluded that patients with existing hepatitis and/or HCV infection are probably more likely
to have greater increases in hepatic enzymes during treatment with buprenorphine (or methadone and
LAAM) than others without these complications.

Differences in baseline liver functions (232 subjects in study CR96/013 had normal baseline liver
function and 85 had abnormal baseline liver function) did not appear to be associated with any
consistent trend in the incidence of adverse events.

In some markets Buprenorphine alone is contraindicated in pregnancy and in others Buprenorphine
alone use is based on evaluation by the physician of the risk of Buprenorphine alone use versus
continued illicit heroin use. The cases of foetal death and deformities did not display any unusual
pattern and were not specific to the use of buprenorphine. In neonates of opioid dependent mothers the
following problems occur more often: small for gestational age, reduced weight and length, premature
delivery, small head circumference, neonatal withdrawal, and later mental, emotional or behavioural
problems. This will be discussed in the preclinical assessment report in more detail.
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The adverse event profiles of Suboxone and Buprenorphine alone are comparable. This conclusion
results from more than 3000 subjects in clinical trials and from post marketing data in the USA. No
safety issues arise from switching the therapy from Buprenorphine alone to Suboxone.

The CHMP was concerned about spontaneous abortion with the use of Suboxone.

The applicant’s deletion of this term was not agreed, as in the applicant’s response there are no
unequivocal data supporting causality. Pregnancy data of patients under Buprenorphine alone
treatment from the literature are scarce. The applicant states that all spontaneous abortion cases in the -
latest PSUR covering the period 05 May 2005 to 04 Nov 2005 were from EU countries in which
pregnancy is not an absolute contraindication. This would suggest a possible link with buprenorphine
substitution treatment. It is accepted that polyabuse is a factor and this can be reflected in the SPC.
Also in this period there were 6 cases of spontaneous abortion, 5 foetal deaths and 4 premature deaths
in 93 pregnancy cases (Results of the Cumulative Prospective Pregnancy data). In the Cumulative
Retrospective Pregnancy Data (119 Pregnancy Cases with 294 Pregnancies Reported) there were 11
spontaneous abortion in 10 mothers. '

Neonatal drug withdrawal syndrome will be mentioned in section 4.8 of the SPC. In fact the use of
Buprenorphine alone and Suboxone, whether by inappropriate diversion to pregnancy women or not,
has occurred and results in a neonatal withdrawal syndrome that should be addressed appropriately.
The most recently submitted PSUR describes 38 cases as the most common newborn event with
symptoms compatible with drug withdrawal syndrome.

The applicant had no further information with which to address concems relating to the use of
Suboxone in pregnancy at the time of the procedure and proposed to address this issue within the Risk
Management Plan.

The section 4.8 of the SPC has been adapted accordingly.

“Spontaneous abortion has been reported with both buprenorphine and buprenorphine-naloxone. It is
not possible to establish a causal relationship since cases typically involve other drug use or risk
factors for spontaneous abortion (see Section 4.6).

A neonatal abstinence syndrome has been reported among newborns of women who have received
buprenorphine during pregnancy. The syndrome may be milder and more protracted than that from
short acting full mu-opioid agonists. The nature of the syndrome may vary depending upon the
mother’s drug use history (see Section 4.6).”

5. Pharmacovigilance

Detailed description of the Pharmacovigilance system

The CHMP considered that the Pharmacovigilance system as described by the applicant fulfils the
legislative requirements.

A detailed description of the company’s pharmacovigilance system as required by the new legislation
& provisions with this consolidated response documentation was presented, which included the
statements of the MAH and the qualified person regarding their availability of means for the
notifications of adverse reactions, the organisation and procedural aspects of global
pharmacovigilance and European safety department activities within Shering-Plough.

Risk Management Plan

The MAA submitted a risk management plan, which included a risk minimisation plan.
Table: Summary of the risk management plan
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Safety issue

Proposed pharmacovigilance
activities

Proposed risk minimisation activities

Induction with The applicant commits to Physician/pharmacist awareness and

Suboxone performing a prospective study patient information. Also outlined in the
SPC section 4.2 ,

Switch from The applicant commits to Physician/pharmacist awareness and

Buprenorphine alone
to Suboxone

conducting a prospective
controlled study

patient information. Also outlined in the
SPC section 4.4

Switch from
Suboxone to
Buprenorphine alone
during detoxification

The therapy will be monitored.
and reported with regard to the
development of a low dose
(0.4/0.1) tablet of Suboxone .

Physician/pharmacist awareness and
patient information. Also outlined in the
SPC section 4.2

Spontaneous Annual Safety Reports and Physician/pharmacist awareness and

abortion Periodic Safety Update patient information. Also outlined in the
SPC section 4.6.

Neonatal withdrawal | Annual Safety Reports and Physician/pharmacist awareness and

syndrome, other Periodic Safety Update patient information. Also outlined in the

newbom conditions SPC section 4.6.

Hepatitis, other liver | Annual Safety Reports and ' Physician/pharmacist awareness and

abnormalities Periodic Safety Update patient information. Also outlined in the
SPC section 4.4.

Intravenous misuse | Annual Safety Reports and Physician/pharmacist awareness and

Periodic Safety Update patient information. Also outlined in the

SPC section 4.4.

The CHMP, having considered the data submitted in the application is of the opinion that the

following risk minimisation activities are necessary for the safe and effective use of the medicinal
product:

The pharmacovigilance plan included signalling reviews on events of interest: spontaneous abortion,
neonatal withdrawal syndrome and other newborn conditions, hepatitis and other hepatic
abnormalities, misuse, intravenous misuse, death, overdose, drug interaction, infections, psychiatric
disorders, from Schering Plough and from WHO Adverse event database.

The risk minimization plan included sales force training to ensure safe and effective use and minimize
the potential for diversion and misuse. Additional information packages for physicians, pharmacists,
and patients should increase the awareness on the risks of drug abuse and should emphasize the
importance of reporting the cases of abuse and AE’s.

6. Overall conclusions, risk/benefit assessment and recommendation

Quality

Information on development, manufacture and control of the drug substance and drug product has
been presented in a satisfactory manner. The results of test carried out indicate satisfactory consistency
and uniformity of important product quality characteristics, and these in turn lead to the conclusion
that the product should have a satisfactory and uniform performance in the clinic.

Non-clinical pharmacology and toxicology

No novel toxicological aspects rose from the studies with a mixture of buprenorphine/naloxone in
comparison with knowledge about the compounds alone. Based on toxicokinetic data raised from the
dietary study with Suboxone, an exposure of animals sufficiently above the maximum therapeutic
dose in humans has been reached. Clinical signs reflected the pharmacodynamics of the active
ingredients.

Statistically significant increases in the incidence of benign testicular interstitial (Leydig's) cell
adenomas were observed in all dosage groups during a 2-year dietary carcinogenicity study in rats.
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Based on the estimated exposure multiples of 3 to 75 times, based on a human daily sublingual dose of
16 mg calculated on a mg/m? basis, the clinical relevance of this findings remains limited.

Efficacy

The combination of an opioid antagonist with a potent p-opioid analgesic is an established strategy for
reducing the potential for intravenous misuse. ' :

Concerning the pharmacokinetic programme, individual studies were not powered to demonstrate
statistically comparable bioavailability of buprenorphine from Suboxone or Buprenorphine alone
(buprenorfine alone). Nevertheless all the presented studies lead to consistently comparable
pharmacokinetic results. The conclusion of comparable bloavallabﬂlty of buprenorphine from
Suboxone or Buprenorphine alone is therefore endorsed.

Based on the results of the pharmacodynamic studies the intravenous misuse potential for Suboxone is
very low in comparison with buprenorphine alone.

The intravenous or intramuscular administration produces withdrawal effects in all opiate dependent
subjects. At the same time, sublingual or oral administration of naloxone in doses up to 8 mg has no
pharmacodynamic effects.

After 4 week of treatment patients treated with Suboxone had statisticallly significant reduced heroin
use versus placebo, as judged by the higher percentages of urine samples that were negative for
opiates (17.8% versus 5.8%). Patients on Suboxone also had a significant reduction in craving for
heroin.

Results also mdlcate that Suboxone is as effective as Buprenorphine alone (buprenorphine alone) in
the treatment of opiate dependency.

Finally, successful detoxification can be obtained with Suboxone titrated downward to 2 mg per/day
before termination of the therapy. The switch to 0.4 mg of buprenorphine alone may be considered.

Safety

The adverse event profiles of Suboxone and Buprenorphine alone are comparable. This conclusion
results from data of more than 3000 subjects in clinical trials and from post marketing data in the
USA.

The most frequently reported events during the efficacy study (reported by at least 10% of subjects)
were headache, withdrawal syndrome, pain, insomnia, nausea, and sweating. No safety issues arise
from switching the therapy from Buprenorphine alone to Suboxone.

Patients with existing hepatitis and/or HCV infection are probably more likely to have greater
increases in hepatic enzymes during treatment with buprenorphine than others without these
complications.

Spontaneous abortion and neonatal withdrawal syndrome have consistently been reported in case of
exposure during pregnancy,

From the safety database all the adverse reactions reported in clinical trials and post-marketing have
been included in the Summary of Product Characteristics.

Having considered the safety concerns in the risk management plan, the CHMP considered that the
proposed activities described in section 3.5 adequately addressed these.

e  User consultation
It was ongoing at the time of assessment. It will be provided post-authorisation (see 2.7).

Risk-benefit assessment

SUBOXONE is a fixed combination product for chronic substitution therapy in opiate dependence
consisting of buprenorphine and naloxone formulated into a sublingual tablet containing
buprenorphine and naloxone in the ratio 4:1 of the bases.

The claimed indication is substitution treatment for opioid drug dependence, within a framework of
medical, social and psychological treatment. The intention of the naloxone component is to deter
intravenous misuse.

Suboxone is intended as a “take home” medication and treatment is intended for use in adults and, as
requested by the CHMP, adolescents over 15 years of age who have agreed to be treated for addiction.
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Concerning efficacy, the clinieal studies programme consistently demonstrated Suboxone is effective
as substitution treatment for opioid drug dependence within a framework of medical, social and
psychological treatment for addiction.

Concerning safety, Suboxone was studied over short and long term repeated administration and
followed across substantial post marketing experience The safety profile of Suboxone does not raise
concerns with respect to the risk already known for buprenorphine alone.

A risk management plan was submitted.

The CHMP, having considered the data submitted, was of the opinion that in addition to the use of
routine pharmacovigilance, the following follow-up measures were needed:

e to performing both a prospective study of induction with Suboxone, and a prospective controlled
study of the switch from buprenorphine alone to Suboxone,

» the Applicant will provide all safety information from ongoing or planned studies

» the switch from Suboxone to buprenorphine alone in detoxification therapy will be monitored and
should problems occur they will reported and discussed with regard to the development of a low
dose (0.4/0.1) tablet of Suboxone ;

= the following additional risk minimisation activities were required physician awareness on the risk
of spontaneous abortion, neonatal withdrawal syndrome and other neonatal conditions, hepatitis:
and other liver abnormalities, (intravenous) misuse and related severe adverse events

Buprenorphine is a substance scheduled in Schedule IIT of the UN convention on Psychotropic
substances, which requires it to be classified as special medical prescription.

It is proposed that Suboxone is prescribed by physicians experienced in the treatment of
addiction /opiate dependence.

Recommendation

Based on the CHMP review of data on quality, safety and efficacy, the CHMP. considered by

consensus that the risk-benefit balance of Suboxone in the treatment is substitution treatment for

opioid drug dependence, within a framework of medical, social and psychological treatment. The

~ intention of the naloxone comporent is to deter intravenous misuse. As requested by the CHMP,
treatment is intended for use in adults and adolescents over 15 years of age who have agreed to be

treated for addiction - was favourable and therefore recommended the granting of the marketing

authorisation
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Diversion of Buprenorphine/Naloxone Coformulated
Tablets in a Region with High Prescribing Prevalence

Andrew A. Monte, MD
Todd Mandell, MD
Bonnie B. Wilford, MS
Joseph Tennyson, MD
Edward W. Boyer, MD, PhD

ABSTRACT. The purpose of this article was to characterize practices of buprenorphine/naloxone
(B/N) diversion in a region with a high prescribing prevalence. A cross-sectional, open-ended survey
was administered to individuals entering opioid addiction treatment programs in two New England
states. The authors obtained formative information about the knowledge, attitudes, beliefs, practices,
and street economy of B/N diversion. The authors interviewed 51 individuals, 49 of which were aware
of B/N medication. Of that number, 100% had diverted B/N to modulate opiate withdrawal symptoms
arising from attempted “self-detoxification,” insufficient funds to purchase preferred illicit opioids, or
inability to find a preferred source of drugs. Thirty of 49 (61%) participants obtained the illicit drug
from an individual holding a legitimate prescription for B/N. A high proportion of individuals in the
study locations who sought treatment for opioid addiction self-reported the purchase and use of diverted
B/N. The diversion of B/N may be minimized by modifying educational, treatment, monitoring, and
dispensing practices.

KEYWORDS. Buprenorphine/naloxone, Suboxone, diversion, opiate withdrawal, detoxification

INTRODUCTION

The Drug Addiction Treatment Act of 2000
originated from the recognition that insufficient
numbers of drug treatment centers offered opi-
oid replacement or detoxification services.! Un-

der the Drug Addiction Treatment Act of 2000,

eligible physicians may obtain a waiver from
the separate registration requirements of the Nar-
cotic Addict Treatment Act to treat opioid addic-

tion with Schedule ITI, IV, and V opioid medica-
tions or combinations of such medications that
have been specifically approved by the Food and
Drug Administration for that indication.! Im-
portantly, under the Drug Addiction Treatment
Act of 2000, individual states could not preclude
waivered practitioners from prescribifig or dis-
pensing eligible medications.! The consequence
of the Drug Addiction Treatment Act of 2000
is that medications for the treatment of opioid
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addiction may be prescribed and dispensed on
a Food and Drug Administration basis by any
licensed physician who has obtained a federal
waiver.!

On October 8, 2002, the Food and Drug
Administration approved two formulations that
contained buprenorphine, Subutex (buprenor-
phine alone), and a coformulation of buprenor-
phine and naloxone (Suboxone) (B/N); con-
currently, the Drug Addiction Treatment Act
of 2000 was amended to include these drugs.!
Buprenorphine has favorable pharmacologic
features that lend itself to outpatient treat-
ment of opioid addiction. Unlike full agonists
such as methadone, buprenorphine is a par-
tial p-receptor agonist. As a partial agonist,
buprenorphine demonstrates a platean of its ag-
onist effect at higher doses that enhances its
safety profile compared to full agonists.>* This
“ceiling effect” includes an upper limit on the
severity of side effects associated with overdose,
such as respiratory depression.*> Addition-
ally, buprenorphine dissociates slowly from the
p-Teceptor, permitting alternate day dosing.5—10
Buprenorphine may also have positive effects in
combating depression associated with the addic-
tion treatment of multiple classes of medications
other than opioids.

Although buprenorphine is the pharmaco-

logic component in both products that modulates

opioid withdrawal, naloxone is incorporated
only in B/N as a protection against diversion,
misuse, and abuse of drug.!! Additional protec-
tions against diversion are derived from provider
education, Drug Enforcement Agency registra-
tion of providers, and regulatory limitations on
the number of patients that a physician may treat
at any one time. Despite these efforts, diversion
and illicit use of B/N are increasingly reported,
especially in hidden populations such as the in-
carcerated and active drug users.!?~!* Unfortu-
nately, little is known about B/N diversion, the
reasons for its illicit use, or sources of diverted
drug.12 To obtain formative information of B/N
diversion, we conducted an ethnographic study
of opioid abusers in rural and urban environ-
ments to ascertain knowledge, attitudes, beliefs,
and practices related to diversion and illicit use
of B/N.

METHODS
Study Design and Sample

‘We conducted a cross-sectional study of in-
dividuals seeking treatment for opioid abuse
in Worcester, Massachusetts, and Montpelier,
Vermont, between October 1, 2007, and March
31, 2008. During random time periods, we ap-
proached sequential persons with a history of
opioid abuse presenting for care. Inclusion cri-
teria were (1) a history of opioid abuse; (2) 18
years of age or older; (3) awareness of B/N as
a medication; (4) the ability to speak English;
and (5) the ability to provide verbal informed
consent. Eligible individuals participated in
an open-ended interviewer-administered survey.
Domains of the 29-item survey included par-
ticipant demographics, substance abuse history,
drug treatment history, and knowledge, attitudes,
beliefs, and practices related to B/N. To increase
the internal validity of survey results, we asked
participants to describe or recognize B/N tablets.
Interviews were audio-taped and transcribed in
batches to preserve participant anonymity. We
abstracted participant quotations related to the
diversion of B/N, removed all identifiers, and
placed them in a random order prior to re-
view. The University of Massachusetts Medical
School Institutional Review Board approved this

Assessments and Outcome

The dataset used in this investigation was in-
tended to obtain formative information about the
reasons why B/N was diverted to illicit use. We
analyzed the study variable using Kappa and de-
scriptive statistics, We used a 49-item abstrac-
tion form to collect information about B/N diver-
sion; by means of simple, dichotomous answers
(“agree/disagree™), examiners assessed whether
opioid abusers diverted B/N for medically in-
dicated purposes. Masked versions were coded

- independently by two examiners trained in the

use of the form. Working according to an in-
struction manual and blinded to the results, re-
sponses were coded and the degree of inter-
observer agreement was determined using the
Kappa statistic.
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TABLE 1. Demographics of Survey Participants
(n = 49)

Variable Value
Age mean (SD), y 32 (11.332)
Male, no. (%) 34.(69.4)
Race, no. (%) .
White 47 (95.9)
Black/African American 1(2.0)
Hispanic 1(2.0)
Spanish 0(0.0)
Latino 0(0.0)
Education, No. (%)
8th grade or less -2(4.9)
Some high school 12 (24.5)
Vocational degree/some college 6(12.2)
College... - . 28 (57.1)
Professsonal/graduate degree 1(2.0)
Town size of participant residence, No. (%)
Rural, < 5,000 people 9 (18.4)
Small town, 5,001-50,000 people 16 (32.7)
Medium city, 50,001-200,000 people 22 (44.9)
Large city, >200,000 people 2 (4.1)

Town size in which abused substance was
procured, No. (%)

Rural, < 5,000 people ) 4(8.2)
Small town, 5,001-50,000 people 15 (30.6)
Medium city, 50,001--200,000 people 22 (44.9)
Large city, >200,000 people 5(10.2)
Not sure or refused to answer 3(6.1)
Town size In which illicit B/N was procured,
No. (%)

.. Rural, < 5,000 people L. 8@
Small town, 5,001-50,000 people 12 (24.5)
Medium city, 50,001-200,000 people 21 (42.9)
Large city, >200,000 people 3(6.1)
Not sure or refused to answer 10 (20.4)

RESULTS

The demographic profile of study participants
is presented in Table 1. Of the 51 individuals

people who were not already opioid dependent,
although neither had witnessed such episodes
of abuse. Despite the subjective nature of the
research question, there was high agreement be-
tween coders (Kappa = 0.81, p < .0001). We had
originally intended to analyze data on B/N diver-
sion from urban and rural populations separately,
but a preliminary examination indicated com-
parable behaviors that allowed combination of
these data for analysis. A substantial proportion
of participants (30; 61%) obtained the drug from
an individual holding a legitimate prescription
for B/N written by a waivered provider, either as
a gift or by purchase. The remaining participants
(19; 39%) purchased B/N from heroin dealers.
Participants indicated that a common practice is
for a patient undergoing B/N induction to inflate
the severity of withdrawal symptoms, leading
the treating physician to over-prescribe the drug.
With a legitimate prescription in hand, these pa-
tients could sell the unneeded B/N or they could
revert to heroin use because B/N is intended for
outpatient drug treatment. In the latter case, pa-
tients would interrupt heroin use, returning long
enough to B/N to defeat surveillance drug test-
ing performed at follow up office visits. Many
respondents (23; 47%) reported that insufficient
legitimate access to B/N compelled them to seek
illicit sources of the drug.

Many participants reported thatillicit B/N had
comparable or greater availability than heroin
due to persistent law enforcement action against
heroin dealers. In purchasing illicit B/N, partic-
ipants reported the price per 8 mg tablet in the
New England street economy was between $5
in urban areas to $40 in rural settings. Selected
themes related to B/N diversion are presented in
Table 2.

approached for participation. in-the study; 49. ...

(96%) were aware of B/N as a medication. Of
that number, 49 (100%) had themselves diverted
B/N for one or more of the following reasons
to avoid opioid withdrawal, for attempted self-
management of opioid withdrawal, because the
individual lacked sufficient funds to purchase
preferred opioids of abuse, or because trusted
sources of opioids were unavailable (e.g., a par-
ticipant’s dealer had been arrested or incarcer-
ated). Only two of 49 participants described the
diversion of B/N for exploratory purposes by

DISCUSSION

A high proportion of individuals in central
Massachusetts and Vermont seeking treatment
for opioid addiction self-reported the purchase
and illicit use of diverted B/N. It was also a strik-
ing finding that only opioid addicts who had not
used illicit B/N were those who were unaware
of its existence. The most common reason for
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TABLE 2. Quotations from Selected Survey Participants Regarding B/N

B/N beliefs and attitudes ~ “My friends who were using it said it was a miracle drug-no CTs [cold turkey] and no

withdrawal.”

) ...l want a prescription [for B/N] but there aren’t enough does who prescribe it
Perceived risks of B/N * . . .getting dope sick if you take too much, I'm petrified of that.’
“[1f you] mix it with rum [you get] too [messed] up.”
“[1f] mixed with alcohol [there may be] death, hallucinations, [and] increased crime.”
Practices of B/N diversion  *I sell it at $20 per 8mg tablet. It's cheaper than a day’s dope. . . | get it from users who have
a prescription but use only a part of it. They'll take maybe half and sell the other half”
“[B/N is] easier to get than heroin”
“You can buy it anywhere, it is easy to buy.’
“I have a prescription for 64 mg a day, | take 16 or 24mg and sell the rest.”
‘[t has been] stolen from pharmacies.”
Reasons why B/Nis used  “First ( used it) to get high, then | didn’t want to be sick, and eventually to get off the drugs”
“[To] Feel normal, feel OK, have a clear head”
“I used it because | couldn’t get no dope. There was a period of time when | used it to stay
clean. It is far better than going to detox or going to a clinic.” It is unbelievably good if used

in the right way.”
“To avoid methadone clinic.”

“People use It when they can't find their dealer.”
“When they run out of money for dope.”
“Sometimes to get high, [people] mix it with rum.”

“People use it to maintain life.”

Experience while on B/N  “| didn't even feel like smoking [cigarettes].”

B/N street practice

“I've also used B/N and then shot up to get high. | thought | wouldn't get any dope fheroin] and

then some came up. You have about an hour to use before you can't get high after B/N.”
. Another person who was prescribed B/N never fook it . . .he sold the prescription and
used heroin. He [switched back to] B/N approximately 5 days before his next clinic visit to

beat drug tests.”

“[lt is] easlly misused for [the] wrong reasons People who don’t need ituse [i [t] to get high

[Some] use B/N IV

diversion among our study population is to avoid

example, our results indicate that a single per-

spieid-- withdrawal.wIn,vour_‘study,_panicipants, -__son who convinces a treating_clinician to over-

however, opioid withdrawal arose in the context
of either (1) “self-detoxification” from heroin or
prescription opioid analgesic agents, (2) insnffi-
cient funds to purchase preferred illicit opioids,
or (3) the inability to locate a preferred source
of illicit opioids. Although some of our partic-
ipants purchased illicit B/N with the intent of
treating their addiction, a substantial proportion
(37%) used it with the intent of resuming opioid
abuse. These results suggest that diversion and
unsupervised use of B/N may prolong the prob-
lematic use of-illegal opioids by delaying entry
into formal drug treatment programs.

Our results also provide formative data about
the source, means of diversion, and street econ-
omy of illicit B/N. Although the source of di-
verted B/N has been a point of conjecture, we
feel that individuals reselling legitimately pre-
scribed B/N is a reasonable explanation.!? For

prescribe B/N can divert the drug to as many as
eight individuals. Furthermore, our results are
consistent with the National Survey on Drug
Use and Health results in which respondents re-
ported receiving opioid analgesic medications
most commonly from a single person hold-
ing a single prescription.!” Previous findings of
B/N being the least diverted of all opioid anal-
gesics contradicts our observations.!® Those re-
sults, published in 2005, identified an increase
in buprenorphine diversion that occurred almost

- immediately after the release of buprenorphine

products in the United States.!® Furthermore, we
believe that B/N has now so deeply penetrated
into hidden populations of mJectlon drug users
that its diversion and illicit use is widespread.
The abuse and diversion patterns differ from
those of other commonly diverted prescription
opioids such as oxycodone.
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Oxycodone abusers, composed predomi-
nantly of white men drawn from suburban
and rural areas, are demographically similar
to our study population but the similarities
are superficial.!® Surveillance using key infor-
mant networks led to the hypothesis that greater
wealth in suburban and rural residents favored
abuse of more costly prescription drugs such

as oxycodone over heroin.!¢ In contrast, many.

members of our study population illicitly used
B/N only during periods of financial hardship;
this finding, when coupled with anecdotal re-
ports from Baltimore, Maryland, seems to sug-
gest thdt rates of B/N diversion may increase
during economic strife.!”® Alternatively, the
composition of our study population may simply
reflect the general population of central Mas-
sachusetts and Vermont or disparities in the
availability of drug treatment programs.

Interestingly, study participants reported dra-
matic differences in the street cost of B/N. The
lower price in urban areas connotes greater avail-
ability of illicit B/N that, in turn, reflects the de-
gree of B/N prescribing in city communities. Al-
ternatively, the higher street cost of B/N reported
in Vermont may indicate insufficient access to
addiction treatment programs in this mountain-
ous rural area; this finding supports the hypoth-
esis that limited services may exacerbate drug
diversion.'>!? Vermont has the highest number
of prescriptions for B/N per capita in the country,
indicating extraordinary demand for drug treat-
ment services; the elevated street price for B/N
indicates either the remoteness of the population
relative to treatment locations or the need for
increased treatment settings.

Although it can potentially decrease injec-
tion dmg use and, concomitantly, HIV trans-

-missien;-diverted-B/N does carry public health

risks. %2023 For example, individuals who self-

treat opioid withdrawal with B/N may develop
decreased tolerance to opioids that places them
at increased risk of death if they revert to injec-
tion drug use.?* As with other opioid analgesics,
the number of B/N prescriptions filled in aregion
appears to correlate with unintentional inges-
tions in young children in the same area.”> Mas-
sachusetts ranked third in grams of buprenor-
phine distributed per 100,000 population and
Boston reported more buprenorphine-related
Emergency Department visits than any other

metropolitan area between 2003 and 2005.12 Di-
verted B/N may represent greater risk to chil-
dren than legitimately prescribed drug becanse
the former may not be sold with child-resistant
packaging. Unintentional ingestion by pediatric
patients, some of which resulted in severe res-
piratory compromise, has been associated with
diverted B/N carried loose in clothing.?6’

The diversion of B/N may be minimized by
modifying educational, treatment, monitoring,
and dispensing practices. For example, B/N,
which was originally intended for use in highly
selective subpopulations, has been increasingly
applied to the treatment of individuals with
long histories of opioid addiction and multi-
ple coexisting psychological, social, and legal
difficulties.”” As suggested for oxycodone, im-
proved provider education and more sophisti-
cated patient selection may limit the opportunity
for diversion from prescribing to inappropriate
groups.?® Clinicians who oversee B/N induction
may consider applying greater scrutiny to any-
one who reports unexpected intensity of opioid
abstinence symptoms while initiating B/N treat-
ment. In-addition to seeking objective findings of
opioid withdrawal, prescribers should consider
more frequent follow-up office visits, employ-
ing drug testing capable of detectmg buprenor-
phine, and utilizing random patient call-ins for
drug testing and pill counting. In addition, im-
proved case management to ensure that patients
receive psychosocial services that enhance the
success of pharmacologic therapy may lessen
diversion. The use of bubble packs for B/N dis-
pensing could minimize the opportunity to re-
stock prescribed tablets that had been diverted to
illicit sale. Lastly, alerting probation officers and
other law enforcement personnel that a patient

- is diverting B/N may dissuade diversion of B/N. .

CONCLUSION

Diversion of B/N co-formulated tablets
is highly prevalent among individuals en-
tering drug treatment programs in central
New England. Illicit B/N is widely available,
inexpensive, and predominantly diverted from
patients with legitimate prescriptions written by
a waivered B/N provider. The primary use of
illicit B/N is to modulate symptoms of opioid
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withdrawal, the Food and Drug Administration
approved indication, although its illicit use in
context of “self-detoxification” from opioids, in-
ability to find trusted sources of heroin or pre-
scription opioid analgesic agents, or insufficient
funds to support ongoing opioid abuse is incon-
sistent with the Food and Drug Administration
intention. The availability of diverted B/N may
delay entry into formal dmg treatment programs.
Lack of access to waivered B/N providers also
may also contribute to B/N diversion. Clinicians
should carefully review their prescribing and pa-
tient monitoring practices. '
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Opioid Drug Utilization and Cost Outcomes
Associated With the Use of Buprenorphine-Naloxone
in Patients With a History of Prescription Opioid Use

Aman Deep Kaur, PharmD; Angela McQueen, PharmD; and Saira Jan, MS, PharmD

ABSTRACT

BACKGROUND: Management of oploid dependence Is assoclated with
many challenges such as the misuse of prescribed treatment and lack

of medication adherence that can affect the clinical outcome of the
patient. Buprenorphine-naloxone was approved by the U.S. Food and Drug
Administration in October 2002 as the first outpatient treatment indicated
for opioid dependence. There is only 1 report in the literature on the
effectiveness of buprenorphine-naloxone in a real-world setting and no
reports on persistence and cost obtained from administrative claims data.

OBJECGTIVES: To determine (1) the length and cost of therapy with oral
buprenorphine-naloxons, and (2) the cost avoidance for opiold dependence
as measured by opioid utilization and apioid drug cost obtained from
pharmacy claim records.

METHODS: The patients for this drug use evaluation (DUE) were identified
from a New Jersey managed care organizaiion (MCO) with approximately
1.8 million members with pharmacy benefits who (a) were continuously
enrolled from October 1, 2004, through September 30, 2006; (b) had their
first buprenorphine-naloxone pharmacy clalm during the fixed 6-month
initiation period (April 1, 2005, through September 30, 2005); and (c) had
at least 1 opioid pharmacy claim in the 6-month pre period preceding the
6-month initiation period. The outcome measures included the number of
opioid pharmacy claims, daily dose, days supply, and cost defined as opicid
ingredient cost. Member cost share and net plan cost (after subtraction

of member cost share) were also measured. The measurement periods

for opioid use and cost were the fixed calendar periods for 6 months

from October 1, 2004, through March 31, 2005, and for 12 months from
October 1, 2005, through September 30, 2006, Persistence in the 12-month
follow-up period was defined as a gap of 30 days or less between depletion
of the days supply for the preceding pharmacy claim for buprenorphine-
naloxene and the date of service (refill date) for the succeeding pharmacy
claim for buprenorphine-naloxcne.

RESULTS: Of the 160 new buprenorphine-naloxene users with continuous
pharmacy enroliment for the 2-year period ending September 30, 2006,

84 patients (52.5%) had at least 1 opioid pharmacy claim In the 6-month
pre period from October 1, 2004, through March 31, 2005, and were
included in this DUE. In the 12-month post period from October 1, 2005,
through September 2006, the median length of therapy with buprenorphine-
naloxone was 1 month, and the mean length of therapy was 3.5 months.
Only 40 patients (47.6%) had a pharmacy claim for buprenorphine-naloxone
at month 1 in the 12-month post period. Persistence was 27.4% (n=23) at
6 months (March 2006) and 20.2% (n=17) at 12 months (September 2006)
in the post period. A total of 24 study patients (28.6%) had no opioid
pharmacy claims other than buprenorphine-naloxone in the 12-month

post period. Utilization of opioids decreased by 18.8%, from 1.49 opioid
pharmacy claims per patient per month (PPPM) in the pre period to

1.21 claims PPPM in the post period (P=0.031). Excluding the 0.42
buprenorphine-naloxone claims PPPM, opioid utilization decreased by
47.0%, from 1.49 claims PPPM to 0.79 claims PPPM (P<0.001) in the

12-month post period. Before subtraction of member cost share, the
actual drug cost of opioids including buprenorphine-naloxone appeared

to be 26.9% lower ($156.24 PPPM) in the post period compared with
$213.74 PPPM in the pre periad, but the difference was not statistically
significant (P=0.254). Excluding the cost of the buprenorphine-naloxone, -
actual opioid drug cost decreased 66.5% from $213.74 PPPM pre period

to $71.65 PPPM post peried (P=0.047).

CONCLUSIONS: Approximately one half of the patients who had a new
claim for buprenorphine-naloxone were excluded from this study because
there was no utilization of prescription oploids in the 6 months prior to
initiation. For patients with documented use of prescription opioids prior
to initiation, treatment with buprenorphine-naloxone was associated with
a reduction in opioid utilization and cost in the first year of follow-up.
Persistence was only 27% at 6 months and 20% at 12 months, and there
were no drug cost savings in the follow-up period when the actual cost
of the buprenorphine-naloxone therapy was included.

J Manag Care Pharm. 2003;14(2):186-94
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n estimated 5.2 million people aged 12 years or older
abused pain relievers in 2006.! Insured members who
are opioid abusers are associated with 8.7 times higher
mean annual direct health care cost than non-abusers ($15.884
versus $1,830, respectively).? Since the implementation of the
Drug Addiction Treatment Act of 2000 (DATA 2000), physicians
have been able to treat opioid addiction in the outpatient setting.’
Methadone for treatment of opicid addiction is limited to certified
opioid treatment programs (i.e., in designated “clinics”) by federal
regulations.* The combination of buprenorphine and naloxone
in a sublingual tablet (Suboxone) is indicated {or the treatment of
opivid dependence and is preferred as maintenance therapy for
most patients.»>
Buprenorphine-naloxone may be used by certified physicians
in the outpatient setting for maintenance therapy, whereas
methadone when used for opioid addiction in detoxification or
maintenance programs is limited to certified opioid treatment
programs.“® When treating opioid addiction with buprenorphine,
there are 3 stages for maintenance therapy: (1) the induction
phase accurs in an ohserved setting 12 to 24 hours alter the
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patient has not used opioids; (2) the stabilization phase cccurs
when the patient experiences “no withdrawal symptoms, is
experiencing minimal or no side effects, and no longer has
uncontrollable cravings for opioid agonists”, and (3) the main-
tenance phase refers to when the patient is on steady doses of a
buprenorphine-containing regimen.? The length of therapy for
the maintenance phase is individualized and may be infinite.3

Buprenorphine is a partial agonist at the mu-opioid recep-
tor, and its abuse potential is lower than that of a {ull agonist.
Naloxone, a pure narcotic antagonist, has no clinically significant
elffects sublingually, but when administered intravenously, it
produces an antagonist action.” The combination of buprenor-
phine and naloxone is desirable in a population prone to abuse,
because the presence of naloxone deters illicit use by injection of
beth buprenorphine and other opiates. o aveid precipitation
of withdrawal, buprencrphine (Subutex) is preferred for use dur
ing initial therapy because it contains no naloxene. Following
induction, buprenorphine-naloxone is preferred when its use
includesunsupervised administration.® Therefore, buprenorphine-
naloxoue, not buprenorphine, was chosen to include for this drug
use evaluation (DUE) for maintenance therapy.

Under the federal Office of National Drug Control Policy
Reauthorization Act of 2006 (ONDCPRA)? the limitation on the
number of patients a physician may- treat with buprenorphine-
naloxone for opicid dependence increased from 30 patients
per prescriber to 100 patients. DATA 2000 requires physicians
to undergo 4 training session or be accredited as an addiction
specialist in order to treat opicid dependence in the outpatient
setting” With more physicians and patients gaining experience
with buprenorphine-naloxone, post-marketing analyses are pos-
sible.. The_recoramended target_dose of buprenorphine per the
prescribing information is 16 mg per day, with the range of
4 mg to 24 mg per day, depending on the individual ’ The whole-
sale acquisition cost (WAC) per tablet in 2007 was $2.52 for the
2 mgto 0.5 mg buprenorphine-naloxone dose form and $4.45 for
the 8 mg to 2 mg dose form.

Clinical trials have shown that buprenorphine treatment is
at least as effective as moderate doses of methadone and more
effective than clonidine o treat opioid addiction”®¥® In a
multicenter, double-blind, randomized placebo-controiled trial,
17.8% of urine samples for opiate-addicted persons were negative
for opiates after 4 weeks of treatment with 16 mg of buprenor-
phine with 4 mg naloxone per day compared with 5.8% lor
placebo (P<0.001).1t The open-label follow-up safety study
(n=461, of whom 268 were from the double-blind trial up
to 52 weeks found 35% to 67% cof urine samples negative for
opiates. Another randomized 24-week trial without placebo
control reported that the mean maximum duration of continu-
ous abstinence from illicit opinids was about 6 weeks and 40% to
44% of opioid urine samples were negative.!?

Although there are clinical trials of buprenorphine-naloxone,
there has not been a published retrospective DUE of opioid
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Patient Inclusion Flow Chart

{From Health Plan of Approximately
1.8 million Commercial Members
With Pharmacy Benefits)

“New” users af buprenarphine-nalaxone were defined as members withoul a
pharmacy claim for buprenorphine-naloxone in the 6-month pre period from
QOctober 1, 2004. through Murch 31, 2003.

utilization associated with buprenorphine-naloxone intervention
in a real-world setting. Clinical trials occur in a controlled envi-
ronment, whereas a DUE can shed light on the use of drugs in
the environment most important to clinicians and managed care
health plans.

The objective of this retrospective DUE was to characterize
the utilization patterns and associated costs of members using
buprenorphine-naloxone for prescription opioid dependence
by reporting () utilization defined as opicid pharmacy claims
and opiloid tablets dispensed, (b) savings defined as reduction in
opicid pharmacy claims and opicid drug cost, and (¢) persistence
with therapy defined as a gap ol no more than 1 month, starting
from October 1, 2005. Review by an institutional review board
was not sought because this DUE and the summary results
involved no personal health information that was traceable to an
individual health plan member.

#3 Methods

Retrospective analysis identified members {rom a managed care
organization with continuous commercial pharmacy benefit
enrollment for 2 years (Qctober 1, 2004, to September 30, 2006).
The managed care organization is located in New Jersey and

during the study period had approximately 1.8 million com-
mercial pharmacy members, including health maintenance
organization, point-of-service, preferred provider organization,
direct access, medical savings account, and traditional indemnity
plans. Opicid pharmacy claims were identified using Medi-Span
Generic Product Identifier codes beginning with 6510 (narcotic
agonists), 6520 (narcotic partial agonists), 6540 (narcotic antago- .
nists), and 6599 (narcotic combinations). A first pharmacy claim
was defined as no use of buprenorphine-naloxone in the pre-
ceding 6 months. Members who had their first buprenorphine-
naloxone claim during the initiation period (April 1, 2005,
through September 30, 2005) and had at least 1 opioid pharmacy
claim & menths before initiation were included in the present
study (Figure 1).

The follow-up analyses focused on (1) opicid utilization and
cost 6 months before and 12 months after the 6-month initiation
period, and (2) buprenorphine-naloxone persistence and dose
12 months after the initiation period. The [ollowing ocutcomes
were calculated for opicid utilization pre and post index: number
of pharmacy claims, days supply, and cost defined as total drug
ingredient cost; member cost share; and net plan cost after
subtraction of member cost share. The type of opioid product was
also assessed, including the number of units (i.e., tablets, cap-
sules, etc.) before and after initiation of buprenorphine-naloxeone
therapy.

Persistence was assessed for 12 months following the 6-month
initiation period for buprenorphine-naloxone, defined as a gap
of not more than 1 month in buprencrphine-naloxone therapy
(i.e., the patient was defined as non-persistent when there was a
gap of 30 days or more between the depletion of the days supply
in the preceding claim and the date of service (fill date) of the
following claim). Duration of therapy was counted as the number
of months (claims) of buprenorphine-naloxone commencing in
October 2006.

The dose of buprenorphine per day was calculated for each
claim using the following formula: (number of tablets divided
by days supply) multiplied by the strength of buprenorphine-
naloxone filled. The statistical test used to calculate P values was
a l-tailed paired t-test. Because the 6-month pre period cannot
be compared with the 12-months post period, statistical analyses
were performed on the per-patient-per-month (PPPM) results.

¥ Resuits

Of the 298 new users of buprenorphine-naloxene, 160 (53.7%)
had continuous pharmacy benefit eligibility for the entire 2-year
period of the study, and 84 (52.5%) of the 160 had prior use of
an opicid pharmacy claim in the 6-month pre period (Figure 2).
Cf the 84 patients who met the inclusion and exclusion criteria,
62% were male, and 38% of patients were female. The mean age
was 40.0 years (n=84, Figure 3).

The average ingredient cost of opicids decreased from
$213.74 PPPM in the 6 months prior to the initiation period to
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$71.65 PPPM in the 12 months after the 6-month initiation
period (P=0.047, Table 1). When the cost of buprenorphine-
naloxone was included, the average drug cost (before member
cost share) for opioid pharmacy claims was $156.24 PPPM in the
12-month follow-up period, not significantly less than the pre
period (P=0.254). The average number of opioid claims exclud-
ing buprenorphine-naloxone was lower in the follow-up period
(0.79 PPPM) compared with the pre period (1.49 PPPM, P<0.001);
when buprenorphine-naloxone is included in the comparison,
the average number of opioid claims decreased after initiation of
buprenorphine-naloxone (1.21 vs. 1.49 PPPM, P=0.031), but this
lower opioid utilization did not translate into lower opioid drug
cost ($156.24 vs. $213.74 PPPM, P=0.254).

The direct drug cost of the intervention, prior to subtrac-
tion of member cost share, was $477.93 per patient during
the 6-month initiation period from October 1, 2004, through
March 31, 2005 (Table 2). Because initiation of buprenorphine-
naloxone therapy could have commenced at any time during the
6-month initiation period, the total cost understates the actual
cost of a 180-day treatment initiation period for all patients, and
the cost per patient overstates an initiation pharmacy claim for
buprenorphine-naloxone treatment. Members paid $7,589 (18.7%)
of the total allowed charge (i.e., managed care organization (MCO)
cost+member cost) for buprenorphine-naloxone during the
initiation period (Table 2).

There were 422 claims for buprenorphine-naloxone dur-
ing the 12-months post period from October 1, 2005, through
September 30, 2006, or 0.42 PPPM, of which 72% (304 claims)
were for buprenorphine-naloxone 8 mg to 2 mg, while 118 claims
were for the 2 mg to 0.5 mg strength (Table 3). Most members
were within the recommended buprenorphine daily dose of 4 mg

iakad Study Time Periods

Time 10/01/04 4/01/05 10/01/05
to 3/31/05 | to 9/30/05 | to 9/30/06

Analysis of opioid 6 months 12 months

utilization and cost (pre period) L (post period)

- Ty Initdadon b
Analysis of . period 12 months
buprenorphine-naloxone (post period)
persistence and dosage postp

Members were included in this DUE if they received buprenorphine-naloxone
during the initiation period from April 1, 2005, through September 30, 2005,
and did not have a pharmacy claim for buprenorphine-naloxone in the 6 months
preceding the initiation period, from October 1, 2004, through March 31, 2005.
DUE =drug use evaluation.

RE Age Ranges by Gender (n=84)

Females O Males

Number of Patients

26-35 36-45 46-55

Age Range (Years)

to 24 mg per day (Table 4).> Of the total 281 claims written by
prescribers with known medical specialty information in the
database, 55.5% (156 claims) were from general/family practi-
tioners or internal medicine, and 22.0% (62 claims) were from
psychiatrists or physical medicine and rehabilitation specialists.

Excluding buprenorphine-naloxone use, there was an average
96.8 units PPPM of solid-dose opioid drug use in the 6 months
in the pre period, which dropped by 43.9% to 54.3 units PPPM
in the 12-months post period (Table 5). By opicid drug type, the
largest reduction in use occurred with the fentanyl patch and oral
transmucosal fentanyl (i.e., “lollipop™.

Of the 84 patients new to buprenorphine-naloxone therapy
at some point in the 6-month period from October 1, 2004,
through March 31, 2005, 59 patients (70.2%) had filled at least
| pharmacy claim for buprenorphine-naloxone in the 12-months
follow-up period from October 1, 2005, through September 30,
2006. Persistence, defined as a gap in therapy of no more than
30 days between exhaustion of the days supply and the actual
subsequent refill date, was 47.6% (n=40) at month 1 of the
12-months follow-up period (Figure 4). Persistence, starting
October 1, 2005, decreased to 274% (n=23) at month 6
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i
!

(March 2006) and 20.2% (n=17) at 12 months (September 2006).
The mean persistence over the follow-up period was 3.5 months,
and the median length of therapy was 1 month.

@ Discussion

Almost one half of the new users, 76 of 160 (47.5%), of buprenor-
phine-naloxone did not have an outpatient pharmacy claim for
an opioid drug in the 6 months preceding the initiation period.
This suggests that the real-world use of buprenorphine-naloxone
often involves treatment of opioid dependence for illicit drug
use. Another retrospective chart review of 30 opioid-dependent
patients treated with buprenorphine-naloxone induction as
inpatient, found that 93% had a history of heroin use, 33% had
used prescribed opioids, and 27% had used both.!? The use of
buprenorphine-naloxone for detoxification from illicit opiates has
implications for assessment of the potential cost savings associ-
ated with interventions with buprenorphine-naloxone because
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Opioid and Buprenorphine-Naloxone Utilization (n=84)

12-Month 12-Month -
Post Period Including Post Period Excluding
6-Month Buprenorphine- Buprenorphine-
Outcomes Pre Period* Naloxone™* P Value! Naloxone® P Value!
Total
Drug ingredient costf $107,724 $157,489 $72,222
Member cost share (copay) $14,351 $26,846 $12,134
Net MCO paid amount 394,675 $132,660 $61,452
Number of claims 753 1,216 794
Days supply 11,654 22,565 11,943
PPPM
Drug ingredient costf $213.74 $156.24 0.254 $71.65 0.047
Member cost share (copay) $28.47 $26.63 0.395 $12.04 0.016
Net MCO paid amount $187.85 $131.61 0.257 $60.96 0.065
Number of claims 149 121 0.031 0.79 <0.001
Days supply - 2313 22.39 0.491 11.85 <0.001

a Pharmacy claims with dates of service between October 1, 2004, and March 31, 2005.

b Including buprenophine-naloxone for pharmacy claims with dates of service between October 1, 2005, and September 30, 2006.

< 76 of 84 patients (90.5%) had at least 1 pharmacy claim for an opioid in the 12-month post period.

d P value for the comparison to 6-month pre period PPPM calculated using a paired t-test.

¢ 60 of 84 patients (71.4%) had at least 1 pharmacy claim for an opioid other than buprenorphine-naloxone in the 12-month post period (i.e., 28.6% had no opioid

claims other than buprenorphine-naloxone).

T drug ingredient cost+pharmacy dispense fee=allowed charge =member cost share + net MCO paid amount.

MCO=managed care organization; PPPM=per patient per month.

Buprenorphine-Naloxone Utilization
In 6-Month Initiation Period {n=84)2

' FABLE 3 Buprenorphine-Naloxone Utilization
In 12-Months Post Period (n=84)2

Outcomes Total Per Patient Outcomes Total PPPM
Drug ingredient costb $40,146 $477.93 Drug ingredient cost? $85,267 $84.59
Member cost share (copay) $7,589 $90.35 Copay $14,712 $14.60
Net MCO paid amount $32,960 $392.38 MCO paid amount $71,208 $70.64
Number of claims 246 2.93 Number of claims 422 042
Days supply 4,954 58.98 Days supply 10622 10.54

2 Pharmacy claims for buprenorphine-naloxone with dates of service between
April 1, 2005, and September 30, 2005.

b Drug ingredient cost+pharmacy dispense fee=allowed charge =member cost
share+net MCO paid amount.

MCO=managed care organization.

3 59 patients out of 84 (70.2%) received 1 or more buprenorphine-naloxone fills
in the 12-month period from October 1, 2003, through September 30, 2006.

b Drug ingredient cost+pharmacy dispense fee =allowed charge=member cost
share+net MCO paid amount.

MCO =managed care organization; PPPM=per patient per month.

the costs of illicit opioids are not captured in administrative
claims databases.

Initiation of treatment with buprenorphine-naloxone in a
sample of patients with at least 1 opioid pharmacy claim in the
prior 6 months was associated with a decrease in the number of
opioid claims PPPM from-1.49 to 1.21, with a reduction of 43.9%
in the number of solid dosage forms from pre index to post
index. Furthermore, 28 of the 84 members did not fill any opioid
medication claims during the 12 months after initiation, therefore
not incurring direct opioid pharmacy costs. The average opioid

190 Journal of Managed Care Pharmacy JMCP March2008 Vol. 14, No.2

cost PPPM decreased by 66.5% in the 12-month period following
new use of buprenorphine-naloxone, but these drug cost sav-
ings associated with reduced opioid utilization were not statisti-
cally significant after accounting for the direct drug cost of the
intervention.

Persistence was low by our measure; the mean persistence
was 3.5 months, and the median length of therapy was 1 month.
One reason for the low numbers was that the persistence calcula-
tion did not account for gaps in therapy of more than 1 month.
Patients with opioid addiction have frequent relapses.” A patient
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ik Average Dose of Buprenorphine
Per Day in 12-Months Post Period

Dose of Buprenorphine
(mg per day)2
<4mg

% of Total Pharmacy Claimsk
(no.)
13.0% (53}
31.8% (134)

>4mgw <8 mg

>8mgre <16 mg 40.0% (169}
> 16 mg 10 <24 mg 11.8% (50)
>24 mg to <32 mg 19% (8
>32 mg to <48 mg 14% {€)

a The dose of buprenorphine per day for each pharmacy claim was calculated
with the following formula: @ tablets divided by days supply) mu{tzplu:d by the
mg per tablet.

© Buprenorphine-naloxone is supplied in 2 strengths in sublingual dose form:

2 mg-0.5 mg and 8 mg-2 mg; 304 (72%) of the 422 claims for buprenorphine-
naloxone during the 12-month post period were the 8 mg-2 mg strength, and
118 claims were the 2 mg-0.5 mg strength. Of the 281 claims (66.6%) written
by prescribers with known medical specialty information in the database,
55.5% (156) were in general/family practice or internal medicine, and 22.0%
(62) were psychiatrists or physical medicine and rehabilitation specialties.

Persistence? of Buprenorphine-
Naloxone in 12-Months Post Period

Patients (%) Remaining on

Buprenorphine-Naloxone
w
[=1

(=)

1 2 3 4 5 & 7 8 9 10 11 12
Months Post Inclusion

4 Pernisience was defined as no mare than a 1-maonth gap in therapy in the (ixed

12-momths follow-up period from October 1, 2005, thraugh September 30, 2008.

PPPM Utilization In Units of Top Opioid Products? 6-Months Pre Period
and 12-Months Post Period (N=84)

Oxycodone-acetaminophen

36.0 tablets

17.1 tablets -52.5%
Hydrocodone-acetaminophen 26.3 tablets 9.1 tablets -65.4%
Qxycodone 154 tablets or capsules 13.2 tablets or capsules -14.3%

- Tramadol xacetaminophen. ___ 6.0 tablets 7.1 tablets -+18.3% -

Hydrocodone-ibuprofen 2.5 ablets 2.6 tablets +4.0%
Oral transmuccsal fentanyl citrate 2.3 lozenges 0.03 lozenges -98.7%
Methadone 1.8 rablets 1.8 tablets 0%
Buprenophine oral® 1.1 tablets 1.3 tablets +18.2%
Othel o 1o1cla 34 tabletse 21 Lablerd -61.0%
Pemany] patch 1.1 parches 0.03 patches -97.3%
Buprenorphine ampule 0.06 mL OmL - -100.0%

a Pharmacy claims for opioid drugs identified by Medi-Span Generic Product Identifier (codes beginning with 6510 (narcotic agonists), 6520 (narcotic partial agonists),
6540 (narcotic antagonists), and 6599 (narcotic combinations). A first pharmacy claim for buprenorphine-naloxone was defined as no use in the preceding 6 months.

b Buprenorphine without naloxone.

< Actual results included pharmacy claims for acetaminophen-codeine tablets, butalbital-acetaminophen-caffeine-codeine capsules, hydromorphone tablets, morphme

capsules, oxycodone-aspirin tablets, and propoxyphene N-acetaminophen tablets.

4 Actual results included pharmacy claims for acetaminaphen-codeine tablets, morphine capsules and tablets, oxycodone-ibuprofen tablets, propoxyphene
N-acetaminophen tablets, butalbital-acetaminophen-caffeine-codeine capsules, hydromorphone tablets, meperidine tablets, oxycodone-aspirin tablets,

pentazocine-acetaminophen tablets, and pentazocine-naloxone tablets.
PPPM =per patient per month.
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in the present study could be counted as “discontinued” by the
persistence measure but later restart therapy with buprenorphine-
naloxone during the 12-month follow-up period. In addition, if
a patient had continous [ills for scripts after the first 30 days of
October 2005, the persistence was 0 days. Caldiero et al. reported
that, in 2 retrospective chart review, patients had an average of
34 prior substance use treatments belore receiving inpatient
induction of buprencrphine maintenance.’? There are no reports
in the literature for the incidence of buprenorphine-naloxone
relapses and restarts.

Most patients received the recommended 4 mg to 24 mg of
buprenorphine per day, commonly prescribed as buprenorphine-
naloxone (8 mg to 2 mg), 2 tablets per day. Very few patients
had pharmacy claims for buprenorphine doses >32 mg per
day. There was no dispensing limit placed on buprenorphine-
naloxone during this study. Effective May 2007, a dose limit of
120 tablets per month was implemented at this MCO, allowing
for a maximum dose of 32 mg of buprenorphine per day.

Because there are no retrospective, observational studies
teported in the literature that evaluate the relationship of
buprenorphine-naloxone use for opicid dependence and utili-
zation and costs of prescription opicids, comparisons cannot
be made between the resuits of the present study and other
attempts to measure effectiveness of this intervention. In 2007,
Mintzer et al. reported that 54% of 99 patients treated in 2 pri-
mary care clinics were “sober” after 6 months of therapy with
buprencrphine-naloxone as determined by global assessment
of the treating physician, including the results of periodic urine
tests.'* These patients in 2 primary care clinics had demographic
characteristics at baseline (mean age of 33 years and 64% males)
that were similar to the present analysis. The average time in
treatment was 105 days.

Compared with the 54% “success” rate repotted by Mintzer
et al. at 6 months of {ollow-up, we found that only 1 of 2 patients
who received buprenorphine-naloxone as a new patient had a
{ollow-up claim for the drug at 1 month following the initial
treatment period, and only 27% were persistent at ¢ months. in
fact, 71.4% of the patients included in the DUE had filled at least
1 pharmacy claim for an opioid cther than the study drug during
the follow-up period after initiation of buprenorphine-naloxene.
The results reported by Mintzer et al. pertained to hands-on
primary care where the caregivers [ollowed the patients and
encouraged participation in psychological support groups.

Fudula et al. conducted a double-blind, randomized, placebo-
controlled efficacy trial, with an open-label safety extension,
involving opiate-dependent patients who were assigned to office-
based treatment with sublingual buprenorphine 16 mg in com-
bination with naloxone (4 mg) per day versus buprenorphine
alone (16 mg per day) or placebo Gnitial randomized treatment
for 4 weeks, followed by 48 to 52 weeks of open-label therapy).
The authors reported that the percentage of urine samples dur-
ing the open-label phase that were negative for opiates ranged
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from 32.5% to 674% in multiple assessments conducted during
1 year of follow-up.!! These results suggest that patients with
opioid dependence have variable results depending on the time
of measurements in this dynamic disease.

Bell et al. randomized 119 subjects seeking treatment for
hercin addiction to observed or unobserved doses of buprenor-
phine-naloxone for heroin dependence in outpatient drug treat-
ment centers.’ The mean retention in treatment did not differ
between treatments (P=0.84), and mean reduction in days ol
self-reported heroin use in the preceding month did not differ
between the unobserved group (183 days) versus the observed
group (22.0 days, P=0.13). At 3 months, 52% of 92 interviewed
patients reported no use of heroin in the last month. The
mean cost per treatment episode, including cost of medication;
medical, counseling, and dispensing costs; other health care
costs like hospital admissions, etc.; travel costs; and travel time,
in Australian dollars was AU$1,663 in the unobserved group
versus AU$2,138 in the ohserved group.

Limitations :

No causal relationship between buprenorphine-naloxone
treaument and change in opioid use can be inferred from this
study because it is an cbservational study without a control
group. Second, it is not possible to determine the use of illicit
substances from a pharmacy claims database. Although 24 of
the 84 members did not fill pharmacy opioid claims other than
buprencrphine-naloxone in the 12-month follow-up period, a
DUE of this type, based on analysis of pharmacy administrative
claims, cannot assess illicit opioid utilization. Qur study results
suggest that there was a decline in prescription opioid claims,
but whether patients were scher or obtained opicids from illegal
sources is unknown.

Third, no medical claims were examined in this study.
Without access to medical claims, it was not possible to examine
the relationship between buprenophine-naloxone use and total
medical costs. For example, patients may have been receiving
psychiatric care, and its effect on drug efficacy cannot be mea-
sured with this DUE.

Fourth, we used an unusual study design based on fixed
calendar periods rather than the customary approach of follow-
ing each patient for a'giverr mumber of months following the date
of the first claim for the interventiorn. This method was intended
to simulate a real-world situation for this health plan to determine
the prescription opiate utilization for the patients after a 6-month
initiation period. The shortcoming of this method is the creation
of a follow-up period longer than 12 months {rom the date of the
first buprenorphine-naloxene claim. For example, a patient could
have started buprenorphine-naloxone as early as April 2005
and stopped treatment after 5 months (in September 2005), and
this patient was considered nonpersistent, with no follow-up
claim for buprenorphine-nalozore. In other words, the length of
buprenorphine-naloxone therapy in the initiation period could
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have been as short as a few days or as long as 180 days prior to the
start of the 12-month follow-up period. Tn fact, only 39 patients
received buprenorphine-naloxone during follow-up. Therefore,
our findings for mean utilization of and persistence with the
intervention drug most likely understate what might be expected
in an analysis that employed a running 12-month follow-up
period following the first (initiation) buprenorphine-naloxone
pharmacy claim.

Filth, this study defined the initiation claim as the [irst
claim for buprenorphine-naloxone during the calendar period
from April 1, 2005, through Septernber 20, 2003, with no prior
use in the 6-month period from October 1, 2004, through
March 31, 2005. However, some patients may have had uti-
lization of buprenorphine alone, without naloxone. For the
&+ natients included in the present study, utilization of bupre-
nops. o Pone was 1.1 tablets PPPM in the 6-month pre period
and 1.3 tabicis PMPM in the 12-month post period.

Sixth, the observed decrease in utilization of oral transmu-
cosal fentanyl citrate contribured significantly to the lower total
opioid cost in the post pericd. During the 24 months of study
in this DUE, there was no pricr authorization requirement for
the use of cral transmucosal fentanyl citrate (e.g., use allowed
for only the U.S. Food and Drug Administration-approved indi-
cation for cancer patients). A quantity limit of 120 transmucosal
fentanyl “lollipops” per menth was implemented prior to the
study period on August 1, 2004, but this quantity limit would
rot have affécted the pre versus post comparison in the present
study.

Seventh, a dispensing (quantity) limit of 120 tablets per 30 days
was placed on the following opioids in March 2005, the last
month_of the pre period: controlled-release oxycodone tablets

oxycodone-acetaminophen, tramadol, tramadol-acetaminophen,
and hydrocodone-acetaminophen. The effect of this quantity
limit on the use of these drugs has not been assessed but could
have contributed to lower opioid utilization in the follow-up
period from October 1, 2005, through September 30, 2006.
However, the quantity limit yimposed in March 2005 did not
present a new limitation for Schedule IT controlied substances
such as controlled-release oxycodone, which were already sub-
ject to a dispensing limit of 120 dosage units or 30 days supply
by New Jersey state regulations, except for patients with ter-
minal illness, intractable pain, or residence in a long-term-care
facility.

M Conclusions

About one-half of the utilization of buprenorphine-naloxone in
this maraged cate plan appeared to be associated with nonpre-
scription opioid use. Initiation of treatment with combination
buprencrphine-nalokone in patierts with a history of prescrip-
tion opicid use was associated with reduced prescription opioid
utilization, but not direct pharmacy cost, after 12 months of
follow-up. Using a definition of persistence as a gap of no more

www.Amep.org

than 1 month between the date of exhaustion of the days supply
and the next fill date, persistence with buprenorphine-naloxone
was 27% at 6 months and 20% at 12 months of follow-up.
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Abuse of Buprenorphine in the United States:
2003-2005
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J. Elise Bailey, MS
George E. Woody, MD
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ABSTRACT. This study examines trends in the reported abuse of two sublingual buprenorphine
products, Subutex® and Suboxone®, in the United States. Quarterly counts of abuse cases were ob-
tained from 18 regional poison control centers (PCCS) for 2003-2005. Seventy-seven abuse cases
were reported, of which 7.8 percent involved Subutex® and 92.2 percent involved Suboxone®. The
average quarterly ratio of abuse cases per 1,000 prescriptions dispensed was 0.08 (SD + 0.09) for
Subutex®, and 0.16 (SD * 0.08) for Suboxone®. Findings suggest that these sublingual bu-
prenorphine formulations have a low rate of abuse based on toxico-surveillance data. doi:10.1300/
J069v26n03_12 [Article copies available for a fee from The Haworth Document Delivery Service: 1-800-
HAWORTH. E-mail address: <docdelivery@haworthpress.com> Website: <http://www.HaworthPress.
com> © 2007 by The Haworth Press, Inc. All rights reserved.]

KEYWORDS. Sublingual buprenorphine, Subutex®, Suboxone®, opioid analgesics, prescription
drug abuse, opioid dependence, buprenorphine-naloxone, substitution therapy

INTRODUCTION decades in the United States (U.S.).1 In October
2002, two new sublingual buprenorphine for-

Buprenorphine, a partial p opioid agonist, mulations, Subutex® and Suboxone® (Reckett
has been used as a pain medication for several Benckiser), were approved for the office-based .
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treatment of opioid dependence consistent with
the Drug Addiction Treatment Act of 2000.?
Subutex®, asingle entity buprenorphine hydro-
chloride product, was intended for use during
the initiation phase of substitution therapy
while Suboxone®, a buprenorphine-naloxone
combination drug, was intended for the mainte-
nance phase.’

Buprenorphine’s partial agonist properties,
coupled with its slow rate of dissociation from
the preceptor after binding and ceiling effect at
higher doses, contributed toits classification as
a Schedule IT drug with lower abuse potential
than full p opioid agonists.* With the increased
medical availability of buprenorphine, how-
ever, concerns have mounted regarding its
abuse potential.! Internationally, cases of
buprenorphine misuse and abuse-related mor-
bidity and mortality have been documented in
numerous countries where the drug has been
approved for use in opioid dependence treat-
ment.’-10 In Finland, where both single entity
buprenorphine and buprenorphine-naloxone
combination products are available for clinical
use, intravenous abuse of these drugs has been
reported among untreated intravenous users
(Ivs).

Todate, however, little is known concerning
the abuse of these sublingual buprenorphine
products in the U.S. To address this issue, we
assessed trends in the reported abuse of
buprenorphine and buprenorphine-naloxone

combination using data fromregional toxico=—

surveillance systems.

METHODS

Study data consisted of calls received be-
tween 4th quarter, 2003 through 4th quarter,
2005 by 18 regional poison control centers
(PCCs) covering a total of 103.1 million indi-
viduals in 20 different states. Call inclusion cri--
teria specified that (a) the exposure resulted
from an intentional improper orincorrect use of
a substance with an attempt to get “high,” pro-
duce euphoria, or other psychotropic effect
(defined as “Abuse” per PCC rating criteria);
and (b) the substance involved was Subutex®or -
Suboxone®. Each call wasreviewed and classi-
fied by a Specialist in Poison Information
(SPI), a professional trained in nursing and/or

pharmacology. Clinician review has shown
good correspondence between PCC opioid an-
algesic cases categorized as “abuse” and stan-
dardnosological classifications of opioid abuse
and dependence.!? As a proxy for legitimate
use, data were obtained on the estimated num-
ber of prescrptions dispensed for Subutex®
and Suboxone® by retail pharmacies from IMS
Health, Inc., acommercial vendor ofhealthcare
data.13

Statistical Analysis

‘We tabulated the number of abuse cases and
prescriptions dispensed for each drug by quar-
ter for the nine quarter study period. We also
calculated the mean number and standard devi-
ation of abuse cases and the ratio of abuse cases
to 1,000 prescriptions dispensed.

RESULTS

Table 1 presents the number of abuse cases
and prescriptions dispensed for each drug by
calendar quarter. Seventy-seven PCC abuse
cases were reported for the two drugs com-
bined. Ofthese,7.8 percentinvolved Subutex®;
and 92.2 percent involved Suboxone®. The
mean number of abuse cases per quarter was
0.66 (standard deviation £ 0.71) for Subutex®,

TABLE 1. Number of abuse cases and estimated
number of prescriptions dispensed on an outpa-
tient basis for Suboxone® and Subutex® by quarter
in the United States (US), 4th quarter 2003-4th
quarter 2005.

# Abuse # # Abuse #

Cases = |Prescriptions| Cases |Prescriptions

Subutex® | Subutex® |Suboxone®| Suboxone®
4Q03 o 3,239 1 14,568
1Q04 1 4,611 4 19,924
2Q04 0 6,259 1 27,946
3Q04 1 7,726 9 35,049
4Q04 1 8,722 6 43,313
1Q05 1 10,445 9 54,253
2Q05 a 11,239 19 66,655
3Q05 o] 10,749 1 65,360
4Q05 2 11,696 " 73,106
Total 6 74,686 7 400,174
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and 7.88 (standard deviation + 5.68) for Sub-
oxone®. '

Of the estimated 474,860 prescriptions dis-
pensed for the 2 drugs, 15.7 percent were for
Subutex®; and 84.3 percent were for Sub-
oxone® The number of prescriptions dis-
pensed for each product rose during the study
period. The change was most pronounced for
Suboxone®, which showed a 402 percent in-
creasein the volume of prescriptions dispensed
during the nine quarter period compared to a
261 percent increase for Subutex®.

Figure 1 presents the ratio of abuse cases to
1,000 prescriptions dispensed per quarter by
drug. For Subutex®, the average quarterly ratio
of abuse cases per 1,000 prescriptions dis-
pensed was 0.08 (SD * 0.090), while for
Suboxone® the average quarterly ratio of abuse
cases per 1,000 cases dispensed was 0.16 (SD =+
0.080). , :

- DISCUSSION

Our data indicate that the medical availabil-
ity of both Suboxone® and Subutex® increased

steadily in the U.S. between 4th quarter, 2003
and 4th quarter, 2005. The rise was particularly
marked for Suboxone®which accounted forap-
proximately 84 percent of the total number of
prescriptions dispensed for both drugs during
this time period. Suboxone® also accounted for
the majority (92 percent) of the 77 abuse cases
reportedin total for the twoproducts combined.

After adjusting for differences in the degree
of dispensing of these two drugs, the ratio of
abuse cases was slightly higher on average for
Suboxone®than for Subutex®(0.16 versus 0.08
abuse cases per 1,000 prescriptions dispensed,
respectively). These ratios are low in compari-
son to similar data on opioid analgesic abuse.
Zacny and colleagues’ calculated the ratio of
drug-abuse related emergency department (ED)
mentions per 1,000 prescriptions dispensed for
five opioids for the period 1994-2001.14 Hy-
dromorphone had the highest average ratio
(1.80 ED mentions per 1,000 prescriptions
dispensed), while fentanyl had the lowest
(0.013 ED mentions per 1,000 prescriptions
dispensed).

FIGURE 1. The ratio of Suboxone® and Subutex® abuse cases to 1,000 prescriptions dispensed as re-
ported to participating poison control centers by quarter, 4th quarter, 2003-4th quarter 2005.
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Our finding that Suboxone® had a higher
abuse ratio than Subutex® is intriguing. One
possible explanation is that the degree of pa-
tient exposure to Subutex is likely much lower
than that for Suboxone. According to the prod-
uct package insert, Subutex is preferred foruse
during induction, and the use of Subutex forun-
supervised administration should be limited to
those patients who cannot tolerate Suboxone.7
Suboxone®, in contrast, is recommended for
use in all 3 phases of treatment, including
long-term maintenance, and in a much broader
array of patients.13

Information concerning the route of bu-
prenorphine administration used by abusers
would have aided us in interpreting our study
results. Data show that, in non-dependent
opioid abusers, the opioid agonist effects of
sublingually administered Suboxone® closely
resemble those seen for Subutex®.16 Similarly,
it has been demonsirated that, when adminis-
tered parenterally, naloxone’s functional block-
ade of buprenorphine’s action is only partial
and short-lived in nature.!” A recent study of
untreated intravenous abusers in Finland re-
vealed that 68 percent reported abusing Sub-
oxone intravenously.!! Moreover, 66 percent
of those who had abused the drug once admitted
that they had abused it at least once subse-
quently, or even regularly thereafter, despite
describing the effect as a “bad experience.”
Future research is needed to examine the char-
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Buprenorphine Misuse, Abuse, and Diversion:
When Will We Ever Learn?

Nearly 40 years ago, pentazocine (Talwin)—
anarcotic antagonist with agonist activity—was
made available as an analgesic for the relief of
moderate to severe pain. Pentazocine was ini-
tially prescribed as anon-narcotic analgesic as-
sociated with a low risk of developing depend-
ency.It was considered to be a partial agonist at

the 1 opioid receptor and an antagonist atthe k-

receptor. Therefore, it was classified as a
Schedule IV drug with limited physical or psy-
chological dependence and was authorized for
prescription by practitioners.

However, the course of pentazocine abuse
was soon quite clear. Contrary to initia] expec-
tations and promotion by pharmaceutical com-
panies, many cases of pentazocine addiction
have been reported in the literature since its
approval in 1967. On the street, pentazocine

became an effective alternative to heroin. Re~-

ports appearing soon after pentazocine became
available described the intravenous injection of
“Tsand blues.”!2 Unfortunately, due tothe lack
of physician awareness about the potential for
pentazocine abuse, physicians’ prescriptions
became a major source of inappropriate use.?

At present, pentazocine has fallen out of favor
inthe medical armentarium andisrarely used as
a potent analgesic as a result of the myriad
complications associated with its use.

Thanks to the wonders of modern chemistry,
anew group of agonist-antagonists were devel-
oped decades later. These drugs are butor-
phenol - (Stadol), - buprenorphine.. (Buprenex, ..
Subutex), and nalbuphine (Nubain). Of these,
buprenorphine, which is 25 to 30 times as
potent as morphine, is the most potent. As seen
with pentazocine, the description of the action
of buprenorphine was quite favorable: “Bu-
prenorphine is a partial agonist at the u opioid
receptor and an antagonist at the k receptor. It
has very high affinity and low intrinsic activity
at the p receptor and will displace morphine,
methadone, and other opioid agonists from the

teceptor.” Its partial agonist-effects imbue -

buprenorphine with several clinically desirable
pharmacological properties: lower abuse po-
tential, lower level of physical dependence
(less withdrawal discomfort), a ceiling effect at
higher doses, and greater safety in overdose
compared with opioid full agonists.”* Unfortu-
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nately, for people dependent on heroin who
were not aware of these qualities, it became an
ideal drug for opioid addiction. Indeed, when
buprenorphine was introduced in Europe, it
quickly became a leading drug of abuse. Clini-
cal studies revealed that heroin addicts using
buprenorphine described mood-altering ef-
fects similar to those associated with heroin.3-8
Adverse events associated with buprenorphine
use have been described as occurring more fre-
quently thanthose associated withmethadone.?

With the recognition that this drug could be
abused, a second preparation of buprenorphine
mixed with naloxone (Suboxone) in a 4:1 ratio
was formulated. In 2002, both of these tablets
were approved by the Food and Drug Adminis-
trution for the treatment of opiate addiction. It
was thought that while buprenorphine by itself
could be abused and injected, the use of the
combination tablet would reduce abuse poten-
tial when given to an opiate-dependent popula-
tion. As stated in the gnidelines, “[N]aloxone is
approximately 10-20 times more potent by in-
jection than by the sublingual route. Therefore,
if the combination is taken sublingually, as di-
rected, the small amount of naloxone available
should not interfere with the desired effects of
buprenorphine. If the combination form is dis-
solved and injected by an individual physically
dependent on opioids, however, the increased
bioavailability of naloxone via the parenteral
route should precipitate an opioid withdrawal

It is in fact notable that in a study by Alho et al.
(and cited by Smith et al.}, 68% of untreated in-
travenous abusers in Finland reported intrave-
nous abuse of Suboxone, and that 66% of those
who tried it once reported using it on more than
one occasion even though they had had a “bad”
experience withit.12 Although Smith et al. con-
clude that there is an extremely low rate of
abuse of both Subutex and Suboxone, it is sug-
gested that in fact this is merely the proverbial
tip of the iceberg and that as the use of these
drugs becomes more prevalent, we will see
rates of abuse and diversion similar to that seen
in Europe. There is also no question that the
number of people for whom buprenorphine is
prescribed will increase, since as of December
2006, the number of patients a physician is
allowed to treat with buprenorphine was
increased more than threefold (from 30to 100).
It should be emphasized that thisis notto cast
aspersions on the use of buprenorphine as a
maintenance drug for heroin dependency, but
rather to serve as a reminder that any mood-al-
tering drug can be abused. Those who prescribe
and use these medications should be fully
aware of their potential for misuse, abuse, and
addiction. Yet physicians, who should be
among the most knowledgeable of these issues,
have: been historically uncritical in their ap-
proach to opiates and opioid antagonists.
Examples of this abound. In 1906, the Amer-
ican Medical Association (AMA) gave its ap-

syndrome.* This-is-also-true of other-antago-—proval-to-the-use-of -heroin-produced-by-the-

nists, as stated more explicitly in NIDA Re-
search Findings: “[Naltrexone] provides a
safety net for patients because it blocks the
euphoric effects they normally would feel if
they slip anduseheroinorany other opiate.”10
The findings of Smith et al. in thisissue of the
Journal should be considered in relation to this
expectation, which has been generally accepted
by health care professionals providing addic-
tion treatment. Studying trends in the reported
abuse of both Subutex and Suboxone in the
United States, Smith and her colleagues found
that of 77 abuse cases reported to poison control
centers, 7.8% involved Subutex and 92.2% in-
volved Suboxone. This emphasizes the initial
findings of Weinhold et al. that naloxone’s
functional blockade of buprenorphine is mod-
est and short-lived, with an agonist effect simi-
lar to that produced by buprenorphine alone. !

Bayer Pharmaceutical Company as a substitute
for morphine addiction. It was not until 1920
that the hazards associated with heroin use
caused the AMA toresolve that it be eliminated
frommedical practice:!3 Propoxyphene (Darvon)
was promoted in 1966 by stating that “when
given in thérapeutic doses, euphoria is not ob-
served, tolerance does not occur, and physical
dependence does not develop.” Its use was so
extensive thatby 1997, the drug awareness net-
work of the National Institute on Drug Abuse
listed propoxyphene as a prominent drug of
abuse. Reports from medical examiners’ of-
fices identified it as a drug involved in more
overdose deaths than all nonbarbiturate seda-
tives and diazepam.!4 Unfortunately, even to-
day most physicians do not realize that
propoxyphene is in fact an analog of metha-
done; when taken in sufficient doses, it can ex-
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ert appreciable opioid effects subjectively and
objectively.

There have been many instances in which
pharmaceutical firms have provided misinfor-
mation that has been readily accepted by physi-
cians. When oxycodone was first introduced, it
was promoted as an ideal analgesic because it
did not contain codeine. The more recent for-
mulation of a long-acting tablet (OxyContin)
was followed by cases of abuse and, in some in-
stances, death. InMay 2007, acombined fine of
$634.5 million was levied against Purdue
Pharma, the manufacturer of OxyContin, and
its executives for presenting misleading infor-
mation about the drug that was accepted uncrit-
ically by many physicians.1?

It is hoped that abuse and diversion of
Suboxone and Subutex will be kept to a mini-
mum as a result of the abundant literature on
buprenorphine and the buprenorphine/nalox-
one combination and of the certification re-
quirement for physicians who prescribe these
drugs. However, this will only occurif the phy-
sicians responsible for dispensing this medica-
tion appraiseits advantages and its potential for
diversion and misuse.

Barry Stimmel, MD
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Abstract

Aims: Two tablet formulations of buprenorphine (a buprenorphine mono-product, Subutex®, and a buprenorphine/naloxone combination product,
Suboxone®) are available for use in the treatment of opioid addiction; however, the bulk of the clinical studies supporting its approval by the
US Food and Drug Administration (FDA) were conducted with a sublingual liquid preparation. To assist the clinician in interpreting the relevant
literature in establishing dosing parameters for prescription of tablet buprenorphine, this study was designed to compare the steady state: (1)
pharmacokinetics and bioavailability, and (2) physiological, subjective and objective opiate effects of two 8 mg buprenorphine tablets (16 mg) to
those of 1 ml (8 mg/ml) buprenorphine solution based upon early reports suggesting that the bioavailability of the tablet was approx:mately 50%
of that of the liquid.

Design: Randomized, open-label, two-way crossover study.

Setting: Inpatient hospitalization for 21 days.

Farticipants: Twenty-four male and females in general good health and meeting DSM-IV criteria for opiate dependence

Intervention: Subjects received one of the two buprenorphine formulations in the first 10-day period, and the other for the second 10-day period
with no washout.

Measurements: Pharmacokinetic analyses, opiate effects and adverse events. :

Findings: Drug steady state was reached by Day 7 of each 10-day period, area under the curve for 16 mg (two 8 mg) tablets was higher than the
solution. The only non-kinetic statistically significant difference observed between the formulations was in changes in total opioid agonist score.
Conclusions: The serum concentration achieved by 16 mg of tablet buprenorphine is higher than that of the 8 mg solution, although differences
between physiologic, subjective and objective opioid effects were not noted. The relative bioavailability of tablet versus solution is estimated to be
0.71; thus, with respect to dosing parameters for the tablet, clinicians should consider using less than 16 mg to achieve bioequivalence to the 8 mg
solution.

© 2005 Elsevier Ireland Ltd. All rights reserved.

Keywords: Buprenorphine; Bioavailability; Pharmacokinetics

1. Introduction available to patients seeking pharmacologic treatment for addic-

tion to heroin or prescription opioids (Leshner, 2003; Ling and

The availability of buprenorphine for the outpatient treatment
of opioid addiction (Resnick, 2003) represents a landmark event
in the field of addiction treatment in the United States. Scheduled
so that it may be dispensed by physicians in their private offices,
buprenorphine is the first real alternative to the methadone clinic

* Corresponding author. Tel.; +1 310 206 2825; fax: +1 310 794 7482.
E-mnail address: pcompton@sonnet.ucla.edu (P. Compton).

0376-8716/% — see front matter © 2005 Elsevier Ireland Ltd. All nghts reserved.
doi:10.1016/j.drugalcdep.2005.08.005

Smith, 2002). After nearly eight decades, US physicians are able
to again use an opioid to treat patients with opioid addiction,
despite buprenorphine for this indication having been available
considerably longer in Australia and in Europe, most notably in
France where it had been approved since 1995. Multiple care-
fully controlled clinical trials have established the dosing param-
eters, unique safety and good efficacy of buprenorphine (Barnett
et al., 2001; Giacomuzzi et al., 2003; Ling and Wesson, 2003;
West et al., 2000). Due to its partial agonist properties, a ceiling
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effect exists for its agonist properties, and unlike methadone or
LAAM, it produces what appears to be a low level of physi-
cal dependence with minimal withdrawal symptoms (Walsh and
Eissenberg, 2003).

As currently marketed, buprenorphine is formulated as a sub-
lingual (SL) tablet in two forms, a mono-product (Subutex®)
containing buprenorphine alone, and a combination product
(Suboxone®) combined with naloxone to discourage parenteral
misuse. Most of the studies conducted by European and Aus-
tralian investigators had used the tablet mono-product Subutex®
and most recent studies by US investigators had used the com-
bination tablet Suboxone®. The bulk of the early investigations,
mostly conducted in the US, and the pivotal clinical trials sup-
porting buprenorphine’s approval by the US Food and Drug
Administration (FDA) were conducted using a SL solution,
which is known to be not strictly bioequivalent to the tablet
formulation (Walsh and Eissenberg, 2003).

Previous single-dose pharmacokinetic (PK) studies compar-
ing buprenorphine sublingual tablets with solution formulations
have shown that the extent of bioavailability of the tablet for-
mulation (8 mg) was quantitatively less than that of the solution
formulation (8 mg/ml) (Nath et al., 1999). The bioavailability
of one § mg buprenorphine sublingual tablet was approximately
50% (range 24-74%) relative to 1 ml of 8 mg/ml buprenorphine
sublingual solution, and unrelated to salivary pH, In compari-
son to the liquid, the tablet also produced significantly fewer
opiate agonist effects, although the same degree of opioid antag-
onist effects. Similarly, in two studies using more chronic dosing
paradigms, plasma concentrations of the 8 mg tablet were esti-
mated to be 55% of those of the solution after 7 days of dosing
(Schuh and Johanson, 1999), and 62% after 14 days of dosing
(Strain et al., 2004).

The present study was designed to test the estimated 50% rel-
ative bioavailability for the tablet in comparison to the solution,

cific time points following dosing on Day 10 of each treatment
period.

2.2, Subjects

Subjects were recruited from the local community by referral
and advertisement. Male and female adults 21-55 years of age
who met DSM-IV criteria for opiate dependence were eligible
to participate, provided they were not dependent on other sub-
stances (except caffeine and nicotine), and were in good general
mental and physical health. All potential subjects entered the
Institutional Review Board-approved study only after providing
full informed consent. Female subjects were required to have a
negative pregnancy test and to agree to use adequate birth control
throughout the study.

Subjects were permitted to drop out of the study at any time if
they so desired, or if the investigator felt to do so was clinically
appropriate. Substitute subjects were enrolled for those who dis-
charged early, keeping the sample size of completed subjects at
24, Data from discontinued subjects who received at least one
dose of buprenorphine were retained and inspected for adverse
events.

2.3. Materials and methods

The buprenorphine tablets (without naloxone) were manufac-
tured by Reckitt and Colman (Hull, United Kingdom) and the
buprenorphine solution (buprenorphine hydrochloride in 30%
ethanol) was manufactured by Carolina Medical Products Com-
pany (Farmville, NC). Medication was supplied by Research
Triangle Institute and shipped directly to the institutional phar-
macy.

2.3.1. Measu}'es

as demonstrated in acute- and chronic-dose studies. Evaluated
were the steady-state pharmacokinetics and bioavailability of
buprenorphine following multiple administrations (10 days) of
two 8 mg buprenorphine SL tablets in comparison to 1ml of
8 mg/ml SL solution. Further, evidence of physiological, sub-
jective and objective opioid agonist and antagonist responses to
the tablets versus solution was documented.

2. Methods

2.1. Design

The study used an open-label, randomized,, two-way- -

crossover design and was conducted in an inpatient setting:

over 21 days. Twenty-four subjects were randomized to receive -

one of two treatments (two 8 mg tablets SL QD or 1ml of
8 mg/ml solution SL QD) for the first 10-day period and the
other treatment for the second 10-day period with no washout

period between treatments. Plasma samples for PK analysis were -

taken prior to dosing Days 7-10 of each treatment period, and
at specified intervals for 24 h following dosing on Day 10 of
each treatment period. Subjective and physiologic effects were
measured daily during both treatment periods, and again at spe-

2.3.1.1. Pharmacokinetics. Blood samples for buprenorphine
analyses were taken just prior to dosing on Days 710 and at
0.25,0.5,0.75,1,1.5,2,3,4,6,8,10, 12, 16 and 24 h after dosing
on Day 10 of both periods. Day 10 sampling took place via an
intravenous catheter. Ten milliters of blood was extracted at each
time point, centrifuged within 15 min and the plasma was stored
at —70°C prior to analysis via liquid chromatography/tandem

mass spectrometry (Moody et al., 2002).

2.3'.]./2. Physiologic measures. Vital signs (heart rate, sitting

blood pressure, temperature and respiration rate) and pupil diam-
eter were measured daily during the study just prior to buprenor-
phine dosing; after the subject had sat quietly for 10 min, and had
refrained from caffeine and nicotine for at least 30 min. On study

.. Day 10, vital signs (0.25, 0.5,0.75, 1, 1.5, 2, 3,4, 6, 8, 10, 12 and

24 h) and pupillary photographs (1, 3, 6, 12, 24) were collected
for each treatment period following buprenorphine dosing. Also,
prior to dosing, saliva was collected in a test tube to evaluate the
effect of salivary pH on rate of tablet dissolution.

2.3.1.3. Opioid effects. Prior to dosing, and at specified time
points following dosing on Day 10 (0.25, 0.5, 0.75, 1, 1.5, 2, 3,
4,6, 8,10, 12 and 24 h), subjects were asked to rate their current
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condition on four scales designed to measure opiate agonist and
antagonist symptoms.

e Global intoxication and withdrawal scale: Subjects rated feel-
ings of opioid intoxication and opiate withdrawal on scales
of 0-100, where 0 indicated no effect and 100 the maximum
effect experienced after using opiate drugs.

o Opiate visual analog scale: Subjects rated each of four drug
effects (“good” drug effect, “bad” drug effect, drug liking
and sickness) by making a vertical mark along a 100 mm line
marked at opposite ends as “not at all” (0 mm) and “extreme”
(100 mm).

s Opiate agonist effects scale: Subjects rated -the degree
to which they experienced each of 16 typical opiate-like
effects (nodding, heavy or sluggish feeling, dry mouth, good
mood, energetic, upset stomach, itchy skin, relaxed, coasting,
talkative, pleasant sickness, drive, carefree, drunken, friendly,
nervous) onascale of 0 (not at all) to 4 (extremely), thus scores
range between 0 and 64 points.

o Opiate withdrawal scale: Subjects rated the degree to which
they experienced each of 21 typical opiate withdrawal symp-
toms (muscle cramps, flushing, painful joints, yawning, rest-
less, watery eyes, runny nose, chills or gooseflesh, sick to
stomach, sneezing, abdorninal cramps, imritable, backache,
tense and jittery, sweating, depressed, sleepy, shaky, tremu-
lousness, hot or cold flashes, bothered by noise, skin clammy
and damp) on a scale of 0 (not at all) to 4 (extremely). Scale
scores range between 0 and 84 points.

A trained member of the research team concurrently evalu-
ated the subject’s symptoms on the opiate agonist effects scale
and the opiate withdrawal scale, and also completed the:

e Opiate withdrawal intensity scale: The observer rated the
presence and severity of six opiate withdrawal signs (lacrima-
tion, rhinorrhea, yawning, perspiration, piloerection, restless-
ness) on a scale of 0 (not at all) to 4 (extremely) Scale scores
range between 0 and 24.

e Adverse effects: Subjects were monitored for adverse events
throughout the entire study period by trained study staff. The
investigator or designated staff evaluated the intensity, seri-
ousness and causal relationship to the study medication(s) of
all adverse experiences.

2.3.2. Procedures

Subjects who appeared to be eligible to participate on the
basis of a telephone interview underwent a screening visit fol-
lowing informed consent during which time they received a
physical and psychiatric examination and clinical laboratory
testing. A drug use history for the previous 6 months was also
collected.

For study participation, subjects were admitted to the inpa-
tient ward the moming of the day before their first buprenor-
phine dose, where they remained as inpatients until 24 h after
the final dose. They were housed in a locked ward and were
attended by a study staff member when not on the ward. Only

certain concomitant medications (Tylenol, Mylanta, Maalox,
Milk of Magnesia, Immodium) were provided to subjects as
needed and recorded in the study casebooks. They received
a low fat breakfast each morning at 7:30 am. and received
the study medication at 9:00 a.m. The first day of the first
treatment period, all subjects received a half dose of the for-
mulation to which they were assigned (1 ml of 4 mg/ml solution
if assigned to liquid, one 8 mg tablet if assigned to tablet), and
received a full dose for the remainder of the study. When receiv-
ing the solution medication, subjects were instructed to hold
the sublingual medication under the tongue for 5 min and then
swallow; for the sublingual tablets, subjects were instructed to
keep the medication under the tongue until it completely dis-
solved or for 15 min, which ever occurred sooner, and then
swallow.

2.4. Data analysis k

To verify that steady state was attained, the predose plasma
buprenorphine concentration (Cp) on Days 7, 8, 9 and 10 was
examined. A repeated-measures ANOVA was used, with sub-
ject as the between-subject factor and treatment and day as
the within-subject factors. Tests for a linear trend and muiti-
ple comparisons between days were performed. The bioequiva-
lence analysis was performed on both the log-transformed and
actual values of AUC(g_24), maximum concentration (Cmax) and
time to maximum concentration (Tmax). A standard crossover
model that included period and treatment as within-subject
factors and sequence as a between-subject factor was used
to analyze the PK parameters. Bioequivalence was assessed
using two one-sided tests with 5% type I error. If the 90%
confidence interval of the ratio of the log-transformed AUC
or Cmax for the two formulations was within the range of
0.80-1.235, -the two formulations were considered to be bioe-
quivalent.

The change from baseline (predose value on Day 10) for
each physiologic measure collected following dosing on Day
10 of both periods was analyzed. Two change scores were
calculated for both the subject and observer opiate effect mea-
sures: change from Day 1 to Day 10 of both periods, and
change from predose Day 10 baseline and each measure col-
lected following dosing. All change scores were analyzed
with a repeated-measures ANOVA model that contained the
effects of sequence; treatment, time and subject, and inter-
actions between sequence and treatment, time and treatment,
subjects and treatment, subject and time, and sequence, treat-
ment and time. AUC analysis was also conducted on the total
scores on the subject and observer opiate agonist effects scale
and the opiate withdrawal scale. Differences between the for-
mulations were compared. All adverse experiences reported by
the subjects were coded using the COSTART dictionary and
inspected for severity, frequency, body system and relation-
ship to treatment. To describe the relationship between sali-
vary pH and rate of tablet dissolution, data were examined
with a #-test to determine if there was a difference in mean
saliva pH for tablets which dissolved within 5min or after
5 min.
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3. Results

A total of 34 subjects enrolled in the study; of the 10 subjects
who discontinued prematurely, 4 withdrew at their own request
and 6 were discharged due to protocol non-compliance. Adverse
event data were collected from the nine discharged subjects who
had received at least one dose of buprenorphine. Demographic
characteristics of 24 subjects who completed the study are sum-
marized in Table 1.

3.1. Pharmacokinetic analysis

On Days 7-11 of both periods (where “Day 117 refers
to the 24-h post-dose assessment on Day 10), the mean pre-
dose concentration for the solution varied between 0.87 and
0.98 ng/ml, and the mean concentration for the tablet varied
between 1.59 and 1.75 ng/ml. There were neither significant dif-
ferences between days nor a significant linear trend, indicating
that steady state was attained by Day 7. Mean plasma levels
of buprenorphine on Day 10 of both periods are summarized by
time and treatment in the Fig. 1. For both formulations, a second,
small increase in blood level was noted approximately 8-12h
following dosing.

Descriptive statistics for the PK data for each formulation,
and the 90% confidence intervals for the ratio of the two for
mulations with respect to AUC and Crax (analyzed on log-
transformed or untransformed scales) are detailed in Table 2.
No sequence effect or period effect was observed in any of
the crossover analyses for AUC and Crax. As can be seemn, the
upper limit of the 90% confidence interval for each Qf the four
parameters is higher than 1.25, thus the two treatments are not
bioequivalent.

Based upon these data, the relative bioavailability of an

:qual dose of 8 mg buprenorphine for the tablet versus solu-

Table 1 ;
Demographie characteristics of study participants (n=24)
Characteristic T-S (n=12) S-T(n=12)
Gender
Male 8 . 10
Female 4 2
Age (year) )
Mean. 335 41.1
S.D. 6.5 28.4
Race
White 7 7
Latino 5 4
Black B 0 1
Height (in.)
Mean 67.1 = 70.2
S.D. 32 o 33
Weight (Ib) fos
mean 146.8 T 1503
S.D. 23.5 " 284

TS, subjects crossing over from tablet to solution buprenorphine; S-T, subjects
crossing over from solution to tablet buprenorphine. Crossover occurred at Day
10 with no washout period between treatments.
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Fig. 1. Mean and standard deviation of plasma buprenorphine concentration
(ng/ml) for subjects on 8 mg solution buprenorphine (n=12) and 16 mg tablet
buprenorphine (n=12) on study Day 10.

tion was calculated. The 8 mg buprenorphine tablet con-
tains 8.62mg buprenorphine HCI; therefore, the adjusted
blood concentrations for the tablet formulation were: adjusted
Cone.=Conc. x 8/(8.62 x 2). The crossover analysis was also
performed on the adjusted AUC(g—24) and Cinax values. The esti-
mated relative bioavailability of the 8 mg tablet versus 8 mg
solution is 0.71, with 90% confidence intervals (0.64-0.79). The
relative Cpax Of tablet versus solution is 0.63, with 90% confi-
dence intervals (0.55-0.73). These estimates of bioavailability
should be taken with caution; however, as the adjustment proce-
dure used to obtain the estimates had an underlying assumption
of dose proportionality. =

3.2. Physiologic and opiéte effects

Day 10 mean post-dose values for all physiologic measures
in both periods were within normal range for both formulations,

~~and all'measures returned to their approximate predose values

within 24 h after dosing. With both formulations, pupil diameter

Tabie 2

Pharmacokintic parameters for solution and tablet buprenorphine with 90% con-
fidence intervals .

Solution Tablet

AUC Crnax Tmax  AUC Crmax Trnnx

(ng/mih)  (ng/mi) () (ng/mlb)  (ng/ml) (h)
Mean 46,37 7.87 1.22 70.32 10.38 1.24
S.D. 16.15 3.15 0.41 22.64 3.45 0.36
CV (%) 348 40.1 33.8 322 333 29.4
Minimum ~ 23.26 - 2.40 0.50 43.16 4.12 0.50
Maximum  69.75 14,04 2,00 12850 19.51 2.00

Estimated ratio (tablet/solution) 90% Confidence intervals

Ln (AUC) 1.53 1.39-1.70
Ln (Crax) 1.36 1.18-1.57
AUC 1.51 1.38-1.65
Crnax 1.32 1.17-1.47

Plasma samples for analyses were taken prior to dosing on Days 7-10 of each
treatment period, and at specified intervals after dosing (0.25, 0.5,0.75, 1, 1.5,
2,3,4,6, 8, 10, 12, 16 and 24 h) following dosing on Day 10 of each treatment
period.
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and heart rate decreased slightly, systolic and diastolic blood
pressure increased slightly, and respiratory rate and temperature
showed little variance. The ANOVA showed that there were
no significant effects of treatment on any of the physiologic
measures. :

For most of the subject-reported opiate effects, mean scores
were low prior to dosing and did not change greatly after dosing
on Day 10. In general, over the course of 24, slight increases
in intoxication, “good drug effect” and “drug liking” peaked
and a slight decrease in withdrawal ratings wérenoted 2-4h
post-dosing, while “bad drug effect”, “sickness” and withdrawal
severity all increased 6-8 h post-dosing. The only non-kinetic
measure on which a significant difference between treatment
was noted was the total opiate agonist effects scale; for both
formulations there was an initial increase effects followed by a
decrease, which, in the case of the tablet, was larger and more
stable than the solution (p=0.039).

Table 3
Summary of treatment-related adverse events reported by subjects during study
period (subjects could have multiple responses in a given category)

Adverse event Treatment group
Tablet (N=29) Solution (N=28)
Body as a whole 11 (37.9%) 7 (25.0%)
Asthenia 1 (3.4%) 0 (0%)
Chill 5(17.2%) 3(10.7%)
Fever 1(3.4%) 0 (0%)
Headache 7 (24.1%) 6 (21.4%)
Pain 2 (6.9%) 2(7.1%)
Pain abdominal 2 (6.9%) 1(3.6%)
Pain back 2 (6.9%) 1 (3.6%)
Cardiovascular system 4(13.8%) 1(3.6%)
Vasodilatation 4 (13.8%) 1(3.6%)
Digestive system 3(10.3%)  8Y(28.6%)
Constipation 3(10.3%) 37(10.7%)
Diarrhea 0 (0%) © 1(3.6%)
Dyspepsia 0(0%) 5(17.9%)
Vomit 1(3.4%) 0 (0%)
Hematologic and lymphatic system 1(3.4%) 0 (0%)
Leukocytosis 1(3.4%) 0(0%)
Musculo-skeletal system 2 (6.9%) 3 (10.7%)
Arthralgia 0 (0%) 1 (3.6%)
Myalgia 3(10.3%) 2(7.1%)
Nervous system 5(17.2%) 3 (10.7%)
Anxiety 2.(6.9%)- 1(3.6%)
Hypertonia 1 (3.4%) 0(0%)
Insomnia 3(10.3%) 2(7.1%)
Nervousness 1 (3.4%) 1(3.6%)
Somnolence.: - - 1 (3.4%)-: 0(0%)
Respiratory system-- 4 (13.8%)- 0 (0%)
Hiccup-~ - - 1 (3.4%) 0(0%)
Rhinitis 4(13.8%) 0(0%)
Skin and appendages 4 (13.8%) 5(17.9%)
Acne 0 (0%) 1(3.6%)
Rash 1(3.4%) ‘2(7.1%)
Sweat 3(10.3%) 2(7.1%)
Special senses 2 (6.9%) 2(7.1%)
Lacrimation 1(3.4%) 1,(3.6%)
Taste perversion 1 (3.4%) v 1(3.6%)

Opiate effects noted by the observer were similar in intensity
and timing to those reported by the subjects on the total opiate
effects and total opiate withdrawal scales; although not signifi-
cantly different, observers tended to rate agonist effects higher
than the subjects did, especially in subjects on solution buprenor-
phine. Maximal increases in observed withdrawal severity were
noted 8-14 h after dosing, with a slight decrease in scores in the
case of the tablet immediately following dosing.

3.3 Adverse events

Table 3 provides summary data on the treatment-related
adverse events noted for each formulation. Percentages of
treatment-related adverse effects were similar between the tablet
(82.8%) and the solution (85.7%) formulations of buprenor-
phine, as were rates of those considered severe adverse events
(tablet 62.1% versus solution 57.1%). Adverse events were pre-
dominately described as affecting the body as a whole, with
headache being the most common symptom and considered to
be treatment-related in 34.5% of subjects taking the tablet and
28.6% of the subjects taking solution. No serious adverse events
occurred during the study. '

3.4. Effects of salivary pH

No significant difference in salivary pH was noted between
subjects whose tablets dissolved within 5 min (pH 6.40) and after
5min (pH 6.50). Overall, 37% of the subjects had to swallow
the un-dissolved pill after 15 min on between 3 and 7 occasions
during the 10-day treatment.

4. Discussion

Although most of the early clinical studies of buprenorphine
for the treatment of opioid addiction had been conducted by US
investigators, its approval by the US Food and Drugs Admin-
istration (FDA) was slow. It literally took an act of congress
in the form of the Narcotic Treatment Act of 2000 to make
buprenorphine available to US clinicians. In Europe, notably in
France and in Australia, buprenorphine for treatment of opioid
addiction has been available considerably longer, and a number
of clinical studies were conducted by European and Australian
investigators using the mono-product Subutex®, while recent
studies by US investigators have used the combination prod-
uct Suboxone®. The bulk of the early research and the pivotal
clinical trials providing critical data for its eventual approval by
the FDA had used a liquid formulation of buprenorphine, which
was known to have different bioavailability from the marketed
tablets. To enable clinicians to properly interpret the body of
research, it was necessary to determine the relative bioavailabil-
ity of the tablet and the liquid formulations. The study results
reported here was part of that effort.

An initial single-dose study had estimated the bioavailabil-
ity of the tablet to be approximately 50% that of the liquid, and
provided the rationale to compare the tablet formulation at twice
the dose of the liquid so as to achieve comparable blood concen-
tration in the two treatment groups, although subsequent studies
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have shown that the blood concentration of the tablet formulation
increased with repeated dosing. Data from the study reported
here provide evidence for the lack of bioequivalence of 1 ml of
8 mg/ml buprenorphine and 16 mg (2 mg x 8 mg) buprenorphine
tablets, as had been expected based upon the earlier studies. The
tablet formulation at twice the dose of the solution achieved
" higher mean predose plasma concentration levels, a greater AUC
(0-24), and a higher Cyay than the solution, although the Tinax was
similar between the two formulations, as was the shape of 24 h
plasma concentration curve. Despite higher plasma concentra-
tions in the tablet condition, the percentages of adverse events
were not different between the two formulations. .. :

These data collected after 10 days of buprenorphine dosing
are not unlike those reported by Strain et al. (2004) after 7 days
of dosing, with respect to tablet versus solution AUC (64%) and.
peak plasma concentration (62%). These investigators did find
that with a longer period of dosing (14 days), the bioavailability
of the tablet increased with respect to the solution (AUC=70%,
Crmax = 73%), primarily due to a decrease in the pharmacokinetic
efficacy of the solution with the passage of time. Examination of
buprenorphine plasma concentrations over Days 7-10 of each
treatment period in the present study did not reveal a clear trend
toward decreased values for the solution over time. Strain et al.
(2004) suggest that an “adaptation of the buccal environment
to the solution form relative to the tablets” (p. 41) may occur
and be related to the alcohol used on the solution formulation,
the concentration of which was higher in the Strain study (40%)
than in the present work (30%), thus accounting for a lack of a
time effect:

Despite the significant dlfferences in bioavailability between
the tablet and solution formulations, differences between physi-
ologic, subjective and objective opioid effects were less distinct.
Although observer and subject assessment was unblinded, no
differences between treatments were noted in opiate  effects over
the course of the study; vital signs were normal and intoxica-
tion/withdrawal symptoms were minimal. The Day. 10 measures
showed small but predictable opiate agonist eﬂ'ects,wﬂh both
formulations on both physiologic and subjective indices, with
agonist effects predominating in the first few hours after dos-
ing and dysphoric and withdrawal symptoms following 6-8 h
later. The general trend for a greater agonist effect on physio-
logic measures with the tablet is consistent with the higher blood
concentration levels. The tablet significantly differed from the
solution on the subjective total opiate agonist effects scale only,
on which subjects on solution reported higher and more variable
opiate agonist, despite the lower blood concentration achieved.

The physiologic measures are reassuring in that they showed
little fluctuation between peak and trough concentrations, con-
firming the high safety profile of buprenorphine with chronic
treatment, especially with regard to respiratory depression,
These findings indicate that a steady state is achieved after about
7 days of dosing with the tablet attaining approximately 70%
blood concentration of the equivalent liquid doses. This level is
considerably higher than suggested by the results of the early
single-dose studies, and consistent with subsequent findings
from chronic dosing studies (i.e., Schuh and Johanson, 1999;
Strain et al., 2004), that bioavailability of the two formulations

approach each other with chronic dosing. Thus, the initial sug-
gestion that tablets need to be given at twice the milligram dose
of the liquid is disputed.

This study was conducted before the development of the
buprenorphine/noloxone combination tablet (Suboxone®). The
tablets used in this study were provide by the manufacturer and
were identical to the subsequently marketed mono-product tablet
Subutex® (Chris Chapleo, Reckitt Benckiser, personal com-
munication, 29 July 2005). The tablets were administered by
instructing participants to-hold the tablets under the tongue until
they completely dissolved or until 15min had elapsed before
the participants were allowed to swallow, This was the practice
subsequently adopted in the clinical dosing guidelines. While
swallowing the small amount of residual tablets may have some
minor effect on the total concentration achieved, it is reassur-
ing to note that it would, if anything, further increase the blood
concentration of the tablets and would not have altered the con-
clusions of the trial.
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Abstract

Although only a partial p-opiate agonist, buprenorphine can be abused and diverted from medical therapy to the illicit drug
market, A combination of buprenorphine and naloxons for sublingnal administration may discourage diversion and abuse by
precipitating opiate withdrawal when taken parenterally. Because opiate-abusing populations are not homogeneous and have
varying levels of opiate dependence, the efficacy of buprenorphine and naloxone in precipitating opiate withdrawal or in attenuating
the pleasurable offects of buprenorphine may vary. This chapter describes the effects of sublingua) and parenteral buprenorphine
and naloxone cembinations in several popnlations of opiate-dependent people. We conclude that buprenorphine and naloxone

combinations should not’ diminish the efficacy of sublingual buprenorphine, but should have lower abuse liability than

buprenorphine alone.
© 2003 Elsevier Soience Irelund Lid. All rights reserved.

Keypwords: Opiate; Dependence; Treatment; Buprenorphine; Naloxona

1.. Introduction

Initial reports suggested that buprenorphine would
have a low abuse potential (Jasinski et al., 1978;
Jasinski, 1979). However, like all potent p-opiates,
parenteral abuse and illicit diversion of buprenorphine
has been reported worldwide (O’Connor et al., 1988;
Singh et al., 1992; Robinson et al., 1993). The majority
of the reported abuse occurs in heroin addicts who
intravenously administer extracts of crushed tablets
(Segui et al., 1991; Lavelle et al., 1991; San et al.,
1993; Nigam et al., 1994). Injection drug abusers are at
risk for serious bacterial and viral diseases, including
HIV. Strategies which diminish the parenteral abuse
liability of treatment medications will decrease transmis-
sion of infections between injection drug abusers; hence,
the development of a formulation of buprenorphine less
abusable by injection.

* Corresponding author. Tel: +1-415-476-7472; fax: 4-1-415-476-
7650,

E-mail address: jammd@itsa.ucsl.edu (J, Mendelson).

The efficacy of buprenorphine, alone or in combina-
tion with naloxone, for the treatment of opiate depen-
dence is described in other chapters. Here we review the
rationale for selecting a 4:1 ratio of buprenorphine to
naloxone for marketed formulation and how the com-
bination was assessed for safety and efficacy, We discuss
the effects of both buprenorphine and naloxomne in
different populations of opiate abusers and nonabusers
and use these findings to estimate abuse liability.

2. Requirements for a buprenorphine and naloxone
combination

Buprenorphine and naloxone -dose combinations
should diminish the parenteral abuse liability of bupre-
norphine in opiate-dependent individuals by precipitat-
ing opiate withdrawal when taken parenterally but not
sublingually. Naloxone in solution has a relatively low
sublingual absorption of 8—10% (Weinberg et al., 1988;
Preston et al, 1990; Harris et al., 2000), whereas
buprenorphine in solntion is better absorbed (30—~
50%) and has significant pharmacologic activity when

03765-8716/03/8 - see (ront mutter @ 2003 Blsevier Science Ireland Ltd. All rights reserved.

doi:10.1016/80376-8716(03)00057-7
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given sublingually (Olley and Tiong, 1988; Weinberg et
al,, 1988; Jasinski et al, 1989; Mendelson ot al,
1997a,b). The rapid and unpleasant effects of naloxone
when administered intravenously to opiate-dependent
people (O’Brien et al, 1978; Gilman et al, 1990;
Mendelson et al.,, 1997a,b) suggested that it would be
en ideal candidate for a combination formniation. The
optimal combination formulation of buprenorphine and
naloxone would preserve the -therapeutic effects of
buprenorphine and minimize opiate antagonist effects
of naloxoue when given sublingually. However, if the
same combination was taken illicitly by a parenteral
route, it would have the opposite effects, precipitating
substantial opiate withdrawal.

This was an unusual requirement for a new drug
formulation. In general, spccessfisl medications do not
produce unpleasant effects and exhibit minimal inter-
individual variability, However, the buprenorphing and
naloxone combination needed to. be aversive when
administered parenterally but well tolerated when given
sublingually. In addition, interindividual variability was
desirable, with rapidly precipitated withdrawal in par-
enteral abusers but suppression of withdrawal (and illicit
opiate use) in treated patients. Precipitated withdrawal
cai produce substantial sympathetic activation, with
marked elevations in heart rate and blood pressure.
Therefore, the combination should be as safe as possible.
Because naloxone produces both desired aversive effects
and potentially dangerous sympathetic activation, de-
termining the lowest effective dose of naloxone required
for precipitated withdrawal was important.

Precedents for combination agonist and antagomst
opioid formulations include pentazocine and paloxone

mixtures; which: significantly: reduced: parenteral penta=

zocine abuse (Ghodse; 1987). A methadone and nalox-
oneoral dose combination was tested but not widely

to some extent on the magnitude and likelihood of
adverse events. Because people already dependent on
opiates are most likely to abuse an opiate drug, several
studies have evaluated the efficacy of buprenorphine
and nalozone combinations in precipitating opiate
withdrawal, Complicating matters, opiate-abusing and
dependent populations are not homogeneous. The
varying levels of tolerance and dependence between
infrequent users of opiates and patients on methadone
maintenance mandated assessment of buprenorphine
and naloxone combinations in a range of defined
opiate-abusing and dependent populations. We and
others have studied the effects of buprenorphine and
naloxone in populations spanning a range of opiate
abuse and dependence, Tables 1 and 2 summarize the
results of human studies nsing various buprenorphine
and naloxone combinations,

4. Buprenorphive and naloxone effects in oplate-
dependent people -

Quantification of the degree of opiate dependence can -
be difficult. No sgreed upon definition exists distin-
guishing low, moderate, and high levels of opiate
dependence. Substitution trials have used daily doses
as large as 240 mg morphine (Fraser and Isbell, 1960)
given in equal doses (60 mg s.c. doses every 6 L) to
suppress withdrawal in highly dependent subjects. More
recent substitution and challenpe studies of partial
agonists of morphine were conducted with volunteers
dependent on 60 mg morphine sulfate given in four daily
15 mg s.c. or Lm. doses. At this dose, sufficient effects
were. produced to reliably suppress measured signs and
symptoms of opiate withdrawal (Jasinski, 1977; Schuh
et al., 1996). This dose of marphine was approximately

prescribed (Nutt and Jasinski; 1974; Loimer et al.,
1991). A survey of New Zealand opiate abusers sug-
gested that a buprenorphine and naloxone combination
marketed in that country appeared to decrease abuse
liability for lower, analgesic buprenorphine doses (0.3—
0.6 mg) (Robinson et al,, 1993), However, sublingual
buprenorphine doses in solution in the range of 432 mg
per day are meeded for opiate addiction treatment in
most patients (Johnson et al.,, 1995; Ling et al,, 1996;
Strain et al., 1996; Schottonfeld et al,, 1997; Eder et al.,
1998; Ling et al., 1998), and the lowest effective dose is 2
mg (Johnson et al,, 1992). Buprenorphine combinations
with naloxone in this dose range had not been studied.

3. Efficacy of buprenorphine and naloxone in
precipitating opiate withdrawal

Some buprenorphine likely will be diverted from
therapeutic to illicit use, Bffective deterrence will depend

equivalent to a 30 mg daily oral methadone dose, and i3
generally associated with moderate dependence.

Parenterally administered buprenorphine and nalox-
one reliably precipitate opiate withdrawal in people with
high to moderate. levels of opiate dependence. In twa
studies (Preston et al;, 1988; Mendelson et al., 1997a,b),
patients taking 30 mg or more of methadone per day
had substantial precipitated withdrawal following fixed
ratio (2:1, 1.5:1 and 1:1) low dose buprenorphine (0.2—
0.3 mg) and naloxone (0.1-0.2 mg) combinations. These
buprenorphine doses are ini the analgesic dose tange for-
opiate-naive patients. The very small doses of naloxone
required to precipitate substantial withdrawal (and a
clear dislike for this combination) suggests a low abuse
liability in people with moderate to high levels of opiate
dependence.

In opiate-dependent daily heroin users, an i.v. dose of
a L1 ratio of buprenorphine to naloxome (2 mg)
produced opiate withdrawal and decreased the esti-
mated illicit street value of the combination (Mendelson
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ot al, 1996). Fig: 1 displays self-reports of opiate agonist
and antagomnist effects following this combination dose.
Buprenorphine alone produced typical opioid agonist
effects and was considered liable to abuse by these
subjects. The buprenorphine and naloxone combination
was very aversive and not substantially different from
naloxone alone, Following the combination dose, opiate
agonist effects did eventually emerge but they were
always delayed and attennated when compared to
buprenorphine alone. Although some degree of opiate
withdrawal was. usually precipitated by parenteral
administration of this buprenorphine and naloxone
combination, there was counsiderable between-subject
variability in withdrawal intensity. Some of this varia-
bility. was probably due to differing self-administered
opiate doses and resulting levels of dependence inherent
in any group of untreated heroin injectors.

In subjects maintained on 40 mg/day of oral hydro-
morphone, parenteral doses of 1.0~16 mg of buprenor-
phine combined with 0.25-4 mg of naloxone (always in
a 41 ratio) produced reliable dose-dependent precipi-
tated withdrawal. Similar doses of sublingual buprenor-
phine arid naloxone or buprenorphine alone did not
precipitate withdrawal. Maximal cardiovascular re-
sponses in this highly dependent population were not
excessive, suggesting that precipitated withdrawal will
be relatively safe in typical heroin addicts (Stoller et al.,
2001),

precipitated w/d using subjestive, obseived and

physiological measures
N precipitated w/d using subjective and pupll size

measures; w/d was only partally reversed by B
w/d using physiological and subjective messures

Results
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B:N Dose route

5. Comparisons of three different buprenorphine and
naloxene dose ratios i
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Empirical evaluation of a range of doss cornbinations
guided optimal formulation of a s.1. medication with low’
abuse liability for the treatment of opiate dependence.
We tested the effects of three buprenorphine and
naloxone combinations in opiate-dependent subjects
where controlled doses of morphine were substituted
for illicit heroin (Mendelson et al., 1999), The primary
goals of this study were to determine the dose range over
which i.v. naloxone, in combination with i.v. buprenor-
phine, would precipitate opiate withdrawal signs and
symptoms and- attenuate- the pleasurable- effects of
buprenorphine in subjects with a moderate level of
opiate dependence. To minimize variability due to
differing degrees of Opidté dependence; subjects were -
stabilized on parenteral morphine. With this paradigm,
volunteers physically dependent on variable but always
uncertain self-administered doses of illicit opiates are
given known doses of morphine to achieve a stable level
of dependence. Thus, when the experimnental medication
is substituted for morphine, opiate agonist and antago-
nist effects can be measured under controlled laboratory
conditions. After stabilization for 5 days on a 60 mg
daily dose of morphine given as four 15 mg i.m. doses,
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Fig. 1. Time cours of opiale agonist and antagonist dﬁ:cts in untreated heroin addicts challenged with mmbhmtiona of buprenorphine (2 mg) and
naloxone (2 mg; 1:1 ratio). Bupranorphine (open triangles), buprenorphine and naloxone combination (solid squares), placebo (20lid diamonds), and
naloxone (op:n cireles). Bach data point represenis mean values for mght subjects. VAS, Visual analog scale, (Mendclson el gk, 1996) Reproduced

with permission from the pubhsher

subjects were challenged, under donble-blind conditions,
with a 2 mg i.v. dose of buprenorphine alone and in
combination with 1, 0.5 and 0.25 mg naloxone (ratios of
2:1, 4:1 and 8:1). We knew naloxone at doses similar to
thoge used in the study reliably precipitates opiate
withdrawal in subjects maintained on 60 mg/day im.
morphine (Schuh et al, 1996).

All three buprenorphine and naloxone combmanons
produced opiate antagonist effects when given intrave-
nously. The naloxone in the combination dose produced
dose-dependent precipitated withdrawal, with the 2:1
ratio (1 mg naloxone) producing the greatest and the 8:1
ratio (0.25 mg naloxone) the least opiate withdrawal
(Fig. 2). All indices of opiate withdrawal were increased
by the 2:1 and 4:1 ratios. With the 8:1 ratio, only self-
reports of ‘global’ withdrawal were increased. Both
subjective and physiologic withdrawal effects peaked
within 5 min after injection of naloxone plus buprenor-
phine, then dissipated within 45 min for all combina-
tions. The duration of withdrawal effects also depended
on naloxone dose and lasted 30 min after the 2:1 ratio
and 15 min after the 4.1 and 8:1 combinations,
Buprenorphine-induced pupil constriction was signifi-
cantly attennated by the 2:1 and 4:1 buprenorphine and
naloxone combinations, but not by the 8:1 ratio. In
general, the B:l combination had a more variable-

between-subject response and less overall effect. The
2:1 and 4:1 ratios were generally similar in the profile of
antagonist effects. Although the 2:1 ratio could be
distingnished from the 4:1 ratio on some withdrawal
measures, both the 2:1 and 4:1 prccipitated substantial
withdrawal.

If buprenorphine was dlvetted from therapeutic to
iflicit use, our volunteer subjects would be typical
potential purchasers, All subjects were regularly pusc-
chasing illicit heroin. They were qualified to judge the
potential illicit street value of buprenorphine and
nalozone combinations. They judged i.v. buprenorphine
and morphine equivalent in dollar value ($10 and g,
respectively). The estimated monetary value of all
combination ratios was substantially less than bupre-
-norphine or morphine. Although some subjects would
be willing to pay small amounts for the 4:1 and 8:1
combination ratios ($4), no one expressed any desire to
pay for the 2:1 dose..

In a study - similar. to nurs opiate addlcts were
stabilized on. the. same daily. dose of im. morphine
sulfate (60 mg/day) and a single 4:1 dose ratio of
buprenorphine and naloxone was eveluated (Fudala et
al,, 1998). Significant opiate withdrawal effects were
produced by the.iv. dose of buprenorphine 2 mg and
naloxone 0.5 mp, suggesting a decreased abuse potential
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Fig, 2. Observer rating.on the Clinjcal [nstitute. Murcotic Assessment
{CINA) Scale in opiate-dependont subjects stabilized on 60 mg/day
im. morphine and challenged with thres dose ratios of buprenorphine
and naloxone, Changs scores (mean+S.D,, n= 12) from baseline at 15
min postdose ars shown.. *, Significantly different from buprenorphins,
morphine, and placebo (P <0.01). Bup (buprenorphine, 2 mg), MS
(morphine sulfate, 15 mg); B:1 (buprenorphine, 2 mg; neloxone, 0.25
mg); 421 (buprenorphine, 2 mg; Neloxone, 0.5 mg); 2:1 (buprenor-
phine, 2 mg; naloxone, 1 mg); Plac (placebo). (Mendelson et al, 1996)
Reproduced with permission from the publisher.

for this 4:1 dose ratio. Their findings are concordant
with ours. The effects of higher or lower buprenorphine
to naloxone ratios and doses were not examined.

The results of our study are also consistent with our
earlier report of the effects of i.v. buprenorphine and
naloxone combinations (2 mg; 1:1 ratio) in opiate-
dependent daily heroin users notstabilized on morphine
prior to . challenge (Mendelson et al, 1996). When
compared to the earlier study, the 2:1 combination

produced- more- intense-and: less-variable: global- with-. .
drawal. The 4:1 ratio produced global withdrawal .
comparable. o the. 1:1-ratio..in the earlier study.

Although the pattern of self-ratings of antagonist effects

"(bad drug, sickness) was generally similar in both
studies, more variability was evident in the unstabilized
heroin addicts.

6. What abont buprenorphine and naloxone in less
dependent populations?

A substantial percentage of individuals abusing her-
oin or other opiates do not experiemce precipitated
withdrawal after naloxone challenge (Kanof et al.,
1991). Combination formulations might not be aversive
in these individuals because naloxone-precipitated with-
drawal would not occur. Therefore, in nondependent
abusers an important additional feature of a combina-
tion would be attenuation of pleasurable and reinforcing
effects of buprenorphine if the combination dose is
taken parenterally. In our study of heroin-dependent

subjects, maximal opioid agonist effects were always
smaller and delayed (For up to 3 h) following buprenor-
phine and naloxone combinations when compared with
buprenorphine alone (Mendelson et al., 1996), The time
course of effects was biphasic on self-ratings of global
intoxication, with opiate antagonist-like effects domi-
nating in the first 90 min and opioid agonist-like effects
emerging only later in the second hour (Fig. 1). Comer
and Colling (2002) also found that combinations of
buprenorphine and naloxone (2 mg buprenorphine with
0.5 mg naloxone and 8 mg buprenorphine with 2 mg
naloxone Lv.) attennated the positive subjective effects
of buprenorphine (2 and 8 mg, respectively) in recently
detoxified hefoin addicts. However, in this population
of addicts who had only been off heroin for -6 weeks,
both buprenorphine and the combination had similar
reinforcing properties. Therefore, in people not cur-
rently in treatment, the combination of attenuated
pleasurable. effects. (in both dependent and nondepen-
dent abusers) and precipitated opiate withdrawal (in
dependent abusers) should decrease the iflicit market
value of buprenorphine. -

In our study of three dose ratios of buprenorphine
and naloxone, we assessed the ability of these combina-
tions to attenuate opioid agonist effects. The oplate
agonist effects of buprenorphine remained substantial
following 5 days exposure to 60 mg/day of morphine.
Buprenorphine 2 mg was equivalent to: 15 mg. of
morphine on all opiate agonist measures (Mendelson
et al, 1999). All three of the buprenorphine and
naloxone combinations we tésted diminished the-opiate -
agonist effects of buprenorphine, with the 2:1 matio
decreasing all opiate agonist measures (Mendelson et al.,

* 1999). The 4:1 and 8:1 ratios decreased-global initoxica

tion and opiate agonist scale indices but did not alter

~drug-liking:~All-subjects—tated—all-the - intravenous

buprenorphine and naloxone challenges as dysphoric,
not euphoric. Our results are in agreement with reports
from opiate abusers who were not physically dependent.
Opiate agonist effects of lower buprenorphine doses
were attenuated by concurrent naloxone at dose ratios
of 1:2, 1:1 and 2:1 (Weinhold et al., 1992). Although not
tested in this experiment; diminished pleasurable effects
would - be expected in nondependent opiate abusers
administered buprenorphine and naloxone combina-
tions similar to- the 'ones we tested. . - -~ - - .
Strain evaluated the effects of sublingual buprenor-
phine and naloxone tablets (1/0.25, 2/0.5, 4/t, 8/2, 16/4
mg) in opiate gbusers with a low level of physical
dependence. When compared to intramuscular hydro-
morphone (2 and 4 mg), the opiate agonist effects of
buprenorphine doses greater than 4 mg wers similar to
hydromorphone. None of the sublingual buprenorphine
and naloxoné doses produced opiate withdrawal (Strain
et al., 2000). These authors concluded that sublingual
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buprenorphine and naloxone had a relatively low abuse
liability in nondependent opiate abuserz,

7. Buprenorphine and naloxone effects in buprenorphine-
stabilized opiate addicts

Would the combination dose present a problem for
patients taking buprenorphine regularly? In opiate-
dependent subjects stabilized for 7 days on 8 mg/day
of s.l. buprenorphine solution (Harris et al., 2000), s.l. 8
mg buprenorphine with 4 or 8 mg naloxone (2:1 and 1:1
ratios) did not precipitate opiate withdrawal. Buprenor-
phine abuse in patients treated with sJ. buprenorphine
may algo be limited by the partial agonist properties of
buprenorphine with ceiling -effects at higher doses
(Walsh et al, 1994). Parenteral naloxone precipitates
withdrawal in patients maintained on sl. buprenor-
phine, but relatively large doses of naloxone are needed.
For example, in patients taking 2-3 mg/day of sl
buprenorphing solution, i.m. naloxone 35 mg (0.5 mg/
kg) precipitated withdrawal (Kosten et al,, 1990).
Similarly, i.m. naloxone 3 mg/70 kg precipitated with-
drawal in patients on 8 mg/day of s.l. buprenorphine
solution (Eissenberg et al, 1996). In buprenorphine
abusers injecting-an average of 1.3 mg per day, naloxone
1.2 mg iv. also precipitated withdrawal (Nigam et al,,
1994). In contrast, patients maintained for 45-52 days
on 8 mg of s.c. buprenorphine did not experiencs opiate
withdrawal following 4 mg of 5.c. naloxone (Jasinski et
al., 1978).

8. Safety of buprenorphine and naloxone combinations

Buprenorphine and naloxone combinations appeared
safe in our opiate-dependent subjects. Naloxone pro-
duced an expected dose-dependent sympathetic activa-
tion with statistically significant (but clinically and
functionally insignificant) increases in heart rate, blood
pressure, and respiratory rate. No subject developed
unstable cardiovascular changes despite subsiantial
subjective withdrawal. Therefore, although unpleasant,
combination formulations are probably safe in other-
wise- healthy: opiate-dependent individuals. Because
most heroin overdose deaths are due to respiratory
depression (Gilman et al., 1990), illicit administration of
buprenorphine: formulations containing naloxone are
probably safér: than continued heroin abuse. In non-
opiate abusers, lower doses of buprenorphine and
naloxone combinations retain analgesic efficacy (Rolly
et- al., 1986;: Vanacker et al., 1986) and- suppress
buprenorphine-induced stimulation of prolactin (Men-
delson et al., 1989),

9. Effects of buprenorphine on opiate withdrawal

Because buprenorphine is a partial p-agonist and
could displace full p-agonists from receptor sites, in
theory p-opiate-dependent people could expetrience pre-
cipitated withdrawal after buprenorphine. Precipitated
withdrawal wazs evident in morphine-dependent labora-
tory animals (Martin et al.,, 1976) and in methadone-
maintained volunteers challenged with im. injections of
1 and 2 mg buprenorphine (butnot 0.5, 4or 8 mg) 20 h
after the last methadone dose (Strain et al., 1995). In our
studies, opiate withdrawal did not ocour after bupre-
norphine given alone, consistent with' the reports of
others (Strain et al., 1992; Walsh et al., 1995; Schuh et
al., 1996). ) ‘ i

10; Conclusions

The. abuse Hability of buprenorphine in p-opiate-
dependent individuals can safely -and effectively be
diminished by the use of buprenorphine and naloxone
combination formulations. Intravenous administration
of buprenorphine and naloxone combinations contain-
ing more than 0.5 mg naloxone in a 2:1 or 4:] ratio of
buprenorphine to naloxone reliably precipitates opiate
withdrawal. The combination dose is judged to have low
illicit street value by parenteral opiate abusers. In
additon to precipitating withdrawal, thesé combina-
tions substantially diminish the rewarding effects of
buprenorphine. At the doses of buprenorphine needed
to treat opiate dependence, combination formulations

. with 2:1 or 4:1 ratios of buprenorphine to naloxone

should have lower abuse liability than buprenorphine
alone. The 4:1 ratio of buprenorphine to naloxons
appears preferable to the 2:1 ratio because it provides
a lower naloxone dose, : :

Several factors limit extrapolation of the data to all
populations of opiats abusers. First, there are almost no
data on the effects of buprenorphine and naloxone
combinations in women. Buprenorphine is safe and
effective for trestment of pregnant heroin addicts
(Fischer et al, 2000; Johnson et al., 2001) and may
become the standard pharmacotherapy in this group.
Therefore, studies in this group are clearly needed.
Second, although most abusers inject buprenorphine,
some nonparenteral abuse occurs (San et al, 1993;
Cracowski ot al, 1999). The effects of intranasal
buprenorphine and naloxone combinations in highly
opiate-dependent people are not yet well defined (for
example, we could find no reports of smoked buprenor-
phine), Flowever, thess alternate routes of administra-
tion are relatively uncommon. In the populations of
opiate addicts most likely to abuse buprenorphine, the
addition of naloxone should decrease abuse liability and
illicit diversion.
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PACK

This invention relates to a pack of medicinal tablets, in
particular. to a 'péck of medicinal tablets containing
buprenorphine or a salt or ester thereof, as the, or an,

active ingredient.

Existing products containing buprenorphine hydrochloride
are TEMGESIC (trade mark), SUBUTEX (trademark) and
SUBOXONE (trade mark); products sold for the treatment of

moderate to severe pain or for the treatment of opiate

- addiction. TEMGESIC and SUBUTEX contain buprenorphine

hydrochloride as the sole active ingredient; SUBOXONE

"contains buprenorphine hydrochloride and naloxone, as co-

active ingredients.
It has been stated in WO 2005/117838 that'buprenorphiné
hydrochloride shows degradation in acid or alkaline

conditions and may be degraded by oxidétion.

One attempt to stabilise buprenorphine is provided in US

'6,365,596, which discloses pharmaceutical compositions

containing buprenorphine and at least one antioxidant in a
molar ratio, antioxidant to buprenorphine, in the range
1:1 to 3:1. It is also mentioned in US 6,365,596 that
stability -is improved by avoiding the presence of

magnesium ions, and polyvinylpyrrolidone.

In the invention of WO 2005/117838 the improvement is to

stabilise buprenorphine by using a lower concentration of

‘an " antioxXidant, compared with US 6,365,596 (preferably

1:1000-1:10, molar ratio, antioxidant: buprenorphine), and

a chelating agent (preferably 0.01-5%, wt:wt).
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We see an inherent undesirability in having to use a large

amount of an antioxidant ‘(per US 6,365,596), or an

antioxidant and a chelating agent together (per WO

2005/117838); in order to stabilise buprenorphine and/or

salts or esters thereof.

In accordance with a first aspect of the present invention

there is provided a water- and oxygen-occlusive pack

" enclosing an inert atmosphere containing medicinal

tablets, wherein the tablets contain buprenorphine or a

salt or ester thereof. !
Preferably the inert gas is nitrogen.

A traditional pack for tablets containing buprenorphine
hydrochloride is a PVC/PVAC blister pack. PVC/PVdAC is a
laminate of polyvinyl chloride polyvinylidene chloride.
It is generally accepted to be a‘good oxygen and moisture
barrier, suitable for the packaging of many medicinal
products. Nevertheless we have found that the stored
tablets, and in particular the active . ingredient
buprenorphine hydrochloride, may be affected both by

moisture and by oxygen, in such a pack.

In the present invention the use of a water- and oxygen-

occlusive barrier material in combination with keeping the -

~ tablets under an inert atmosphere protects the active

ingredient (s) from significant chemical decomposition.

The approach followed in the present dinvention is  in
contrast with the prior art methods of US 6,365,596 and WO
2005/117838, which both follow the approach of seeking
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improvement -in- stability by chemical formulation

improvement.

preferably each tablet ' contains at least 0.2 mg
buprenorphine, preferably at least 0.4 mg.

Preferably each tablet contains up to 20 mg buprenorphine,
preferably up to 16 mg, preferably up to 12 mg, preferably
up to 10 mg, preferably up to 8 mg, preferably up to 4 mg,
preferably up to 2 mg.

These amounts referring to buprenorphine may be converted
to buprenorphine salts or esters, if such forms are

present, by simple arithmetical scaling.

Thus, when buprenorphine- hydrochloride is present, each
tablet preferably contains. at. least 0.21 mg of
buprenorphine hydrochloride, preferably at least 0.43 mg;
and preferably up to 22 mg of buprenorphine hydrochloride,
preferably up to 18 mg, and more preferably up to 13 mg.
In especially preferred embodiments each tablet containing
buprenorphine hydrochloride contains upv to 11 mg ofl

buprenorphihe hydrochloride, preferably up to 9 mg,

" preferably up to 4.5 mg, preferably up to 2.4 mg.

A co-active ingredient may be present. Naltrexone,

nalmefene and, especially, naloxone are preferred.

.Preferably the weight of such co-activevingredients (or of

co-active ingredients .in total), does not exceed the
weight of buprenorphine; and preferably is not greater

than 50% wt/wt, of the weight of buprenorphine (non-salt,

‘nohvester compouﬁds compared) . The weight ratio in the

tablet of buprenorphine to such a co—acti?é ingredient, or
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of co-active ingredients in total, 1s preferably in the

range 2:1 to 8:1, prefe:ably'B:l to 5:1.

In these and other définitions.a weight of “buprenorphine”
also denotes a weight of salt or ester, converted -to '

bugrénorphine content (i.e. the base). Should there be

more than one buprenorphine compound (e.g. buprenorphine

and buprenorphine hydrochloride) the total weight,

converted to buprenorphine, .is to Dbe wused in the

~

-definition.

Preferably the tablets comprise at least one

monosaccharide or disaccharide or a mixture thereof.

When a monosaccharide is present it may suitably be a
sugar, for example glucose, éalactose; fructose or
mannose, or a sugar alcohol, for example mannitol or
sorbitol. Preferably‘the amount of monosaccharide, or of
monosaccharides in total, is in the range 15-~50 %wt/wt of
composition, preferably 20-40 3wt/wt. Sugar alcohols are

preferred monosaccharides, especially mannitol.

When a disaccharide is present it may suitably be a sugar,
for example nmltbse, lactose or sucrose. Preferably the
amount of disaccharide, or of disaccharides in total, is
in the range 20-70 $wt/wt of composition, preferably 40-60

swt/wt. Lactose is a preferred disaccharide.
Preferably the tablets comprise a disintegrant.
When a disintegrant is present it may suitably be sodium

croscarmellose, maize starch or crospovidone. Preferably

the amount of disintegrant, or of disintegrants in total,
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is in the range 1-30 %wt/wt of composition, preferably 104'

20 swt/wt.

Preferably the tablets comprise a pressing aid, preferably
in an amount in the range 0.1 - 2 %wt/wt of composition.

A preferred pressing aid is magnesium stearate.

Preferably the tablets comprise a mixture of anhydrous
citric acid and sodium citrate, preferably in a ‘weight
ratio of 2:1 to 1:1. Preferably the total amount of
anhydrous citric acid and sodium'citrate is in the range

0.5 - 4 %wt/wt of composition.

Preferably the pack has a water- and oxygen-occlusive wall

material.

Preferably the pack is a blister pack.havihg a plurality
of blister pockets, each containing one tablet and each

contaihing a charge of inert gas.

In a preferred embodiment the pack is of an aluminium or
aluminium-plastics laminate having a water-occlusive and
oxygen—océlusive ~wall material with each blister pocket
containing anvihert atmosphere of nitrogen gas, and one

tablet.

A water-occlusive and onyen—occlusive pack of this
invention has a wall or barrier member of water-occlusive
and oxygen-occlusive - 'material. By ~water-occlusive and
oxygen—occlusive'material, we mean a matériai thch has a
higher degree of water and oxygen occlusivity under test
conditions, 25°C / 60% Relative Humidity (RH) and 40°C/75%
RH, than a traditional PVC/PVdC material.

¢
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'In a PVC/PVAC material, the PVC is believed to be the

“weak link”.. Preferably a blister pack 6f the invention

comprises or is formed of a metallic material, for example

‘aluminium or an aluminium alloy. Most preferably the base .

part, containing the pockets for tablets, may be of a
cold-formable foil, comprising a metallic layer,i over

which a breachable-by-tablet metalli¢ foil is laid, to

‘close the pack. Especialiy preferred is a foil comprising

~a layer of a metallic material, for ekample aluminium or

aluminium alloy, laminated to a layer of aliphatic
polYamide and/or a layer of PVC. Especially preferred is
a foil having a layer of aliphatic polyamide, 10—40‘um
thick, then a metallic layer, 30-60 pm thick, then a.layer
of PVC, 40-80 pm thick, the 1latter being the product

contact surface.

The pack may be packed with tablets and sealed, 'in an

atmosphere of the inert gas.

Preferébly the blister pack contains at least 6 tablets,
more preferably at least 8 tablets. Preferably the blister
pack contains up to 14 tablets, especially up to 12
tablets.

The protection provided by the present invention means.
that there is no need to add undesirable ingredients such
as chemical stabilisers, for example chelating agents or

antioxidants, to the formulation of the tablet in order to

improve chemical stability.

~ Preferably the tablets do not contain a chelating agent

which stabilizes the buprenorphine or acid or salt

thereof.
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Preferably the tablets do not contain an antioxidant to

protect the buprenorphine or acid or salt thereof.

Pteferably the tablets do.not contain a chelating agent to

protect the buprenorphine or acid or salt thereof.

Preférably the tablets do not contain any component to

protect the buprenorphine or acid or salt thereof.

The protection provided by the present invention means

' that there is no need to omit certain ingredients which

have been implicated in causing chemical stability; for
example magnesium ions or polyvinylpyrrolidoné, acco;ding
to US 6,365,596. Thereris no necessity to exclude such-
compounds from the tablets in the pack of the present
invention. Indeed magnesium stearate is a preferred

component of the formulation for the tablets.

Preferably the pack of the invention has a use-by date at
least 18 months after its date of packing; more preferably
at least 24 months. The use-b& date may be recorded on

the pack itself or on secondary packaging.

In accordance with a second -aspect there is provided a
method of manufacturing a pack of the first aspect,
wherein the tablets are enclosed in a water- and oxygen-

occlusive material under an inert atmosphere.

In accordance with a third\aspeét of the present ‘invention
there is provided a method of supplying and/or
administering tablets from a water- and oxygen-occlusive

pack of the first aspect.
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The invention will now be further‘descfibed, by way of

example, with reference to the following example.

Medicament tablets were made, ‘containing the follbwing

ingredients.
Component Quantity/tablet Quantity/tablet
) (mg) (mg)
Buprenorphine 0.216 0.432
hydrochloride , , '
Lactose : 29.842 ' 29.628
monohydrate | '
Mannitol 18.000 - . 18.000
Maize starch 9.000 9.000
Povidone K30 1.200 -~ 1.200
Citric acid . 0.888 "~ 0.888
anhydrous granular :
Magnesium stearate 0.450 , '0.450
Sodium citrate - 0.404 0.404
TOTAL : 60.0 60.0

The tablets were prepared as follows.

All the excipienﬁs were screened through a 20 mesh sieve
screen. The lactose, starch, mannitol and povidone were
thoroughly mixed together, wetted and granﬁlated with a
solutioh of buprenorphine hydrochloride, éitric acid and
sodium citrate previously dissolved in a mixture of the
purified water and ethanol by stirring; The resultant
granules were dried at 42 - 48°C until a moisture content
of 1 - 2% was attained; The granules were screened through
a 20 mesh sieve screen and blended. Magnesium stearate was
added to the sieved granules and mixed thoroughly. The.
granules “were sieved .and re-blended. The mixture waé
tabletted using 7/32 inch (5.6mm) punches to a target
weight of 60'mg.
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The resulting tablets were packed 'into two types of .
blister pack: one 1in accordance with the present
invention, which had a cold form aluminium foil tray, heat
sealed by an aluminium breachable foil 1id under an inert
nitrogen atmosphere; the other a “250/60” PVC/PVdAC tray
(250 PVC, 60 PVdC), with an aluminium breachable foil lid.

The blister packs contained seven tablets. Packing for
the present invention was carried out in a dry nitrogen
atmosphere in order that each blister pocket contained
nitrogen gas. Packing in the PVC/PVAC blisters was
carried out in dry air. Each ‘tablet pocket was
individually sealed, by the breachable aluminium foil 1lid.

Tablets were packed into the blister trays and sealed

immediately after their manufacture.

The cold-form aluminium foil tray was a laminate of 25 um

thickness aliphaticipolyamide, 46 um thickness aluminium

and 60 pm thickness PVC (the product contact surface).

The aluminium breachable foil lid was a 50 g/m? lidding
foil of~12 pm PET/25 pm aluminium/6-8 g/m? PVC/PVA lacquer

(product contact surface).

The tablets were then stored under conStant conditions of
25°C temperature and 60% Relative Humidity (RH) and
40°C/75% RH. Samples were.studied at several scheduled
time points under these conditions for buprenorphine

content, content of the compound we ldentlfled as being

‘the main degradant, and total related degradation

products. The results for three batches of tablets

‘containing 0.216 mg buprenorphlne hydrochlorlde per tablet

are tabulated Dbelow. This converts to 0.2 mg
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"buprenorphine and the tables which follow quote the
buprenorphine level (i.e. 100% = 0.2 mg)..

Buprenorphine Content (% Nominal)
at 25°C / 60% RH
. _ Nominal = 0.2 mg/tablet
Time PVC/PVdC ' Alu/N,

(Months) 1 2 3 1 2 .3
0 98.5 98.0 99.5 98.5 99.5 99,0
3 95.0 94.0 96.0 97.0 98.0 97.5
6 92.5 93.5 94.0 97.5 98.0 98.5
9 . 98.0 97.5 99.0 103.0 103.0 104.0
12 94.5 93.5 84.5 100.0 103.5 103.5
18 82.0 93.5" 93.5 101.5 102.5 99.0
24 90.5 91.0 90.5 101.5 103.0 101.5
36 89.0 88.5 88.5 102.5 102.0 103.5

Buprenorphine Content (% Nominal)
at 40°C / 75% RH
Nominal = 0.2 mg/tablet
Time PVC/PVdC ~__Alu/N,

{Months) 1 2 3 . 1 . 2 3
0 98.5 98.0 89,5 98.5 99.5 99.0
1 96.0 96.0 96.0 97.0 97.5 98.5
3 93.5 93.5: 94.0 - 96.5 97.0 97.0
6 89.0 89.5 90.0 87.0 98.5 -97.5
12 85.5 83.5 87.5 100.5 100.5 101.0
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Main Degradant Compound. (% w/w)
at 25°C / 60% RH )
Nominal = 0.2 mg/tablet
Time ' PVC/PVdC Alu/N,
(Months) 1 2 1 3 1 2 3
0 0.9 1.0 0.6 1.2 1.4 0.7
3 1.9 1.7 1.3 0.9 0.9 0.3
6 3.1 3.1 2.6 1.1 1.2 0.5
9 4.5 4.4 3.8 1.2 1.3 0.6
12 5.2 5.1 4.6 1.3 1.4 0.6
18 6.7 6.6 6.1 1.4 1.4 0.6
24 7.9 7.8 7.3 1.4 1.5 0.7
36 5.8 9.6 8.3 1.4 1.4 0.7
Main Degradant Compound (% w/w)
at 40°C / 75% RH
Nominal = 0.2 mg/tablet
“Time , PVC/PVdC Alu/N,
(Months) 1 2 ' 3 1 2 3
0 0.9 1.0 0.6 1.2 1.4 - 0.7
1 2.8 2.7 2.4 1.4 1.4 0.7
3 3.5 3.8° 3.3 1.1 1.1° - 0.6
6 6.3 6.4 5.8 1.3 1.3 0.7
12 13.8 13.5 12.7 1.6 1.5 0.9
Total Related Degradation Products (% w/w)
at 25°C / 60% RH
. , , Nominal = 0.2 mg/tablet
Time pvc/pvdc , Alu/N;
(Months) 1 2 3 1 2 3
0 ’ 2.4 - 2.6 i 1.8 2.7 3.0 - 1.7
3 3.4 3.2 2.7 1.8 1.7 0.9
6 6.2 6.2 5.6 2.6 2.7 1.5
9 8.8 8.5 7.9 2.9 3.0 1.8
12 9.7 . 9.4 8.9 2.9 3.1 1.8
18 12.2 12.2 11.6 3.1 3.1 1.9
24 14.5 14.4 13.6 3.4 3.5 2.3
36 17.3 17.0 16.6 3.1 3.1 2.2
Total Related Degradation Products (% w/w)
at 40°C /. 75% RH
] Nominal = 0.2 mg/tablet
 Time PVC/PVAC Alu/N,
(Months) - 1 "2 3 1 2 3
0 2.4 2.6 1.8 2.7 3.0 1.7
1 3.9 3.8 3.5 2.3 2.2 1.4
3 5.1 5.4 4.8 2.2 2.1 1.3
6 9.1 9.2 8.4 2.6 2.6 1.7
12 . 18.7 17.9 16.9 2.6 2.5 1.8
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The results for the tablets packed in the PVC/PVAC blister
pack show clear evidence of chemical decomposition (or
oxidation) of the active ingredient, buprenorphine. There
is a clear time and temperaturé—dependent’ decrease 1in
buprenorphine content upon storaée.’Moreover, there are
corresponding time and temperature-dependent increases in-
the levels of the main degradant compound and of total

buprenorphine-related degradation products.

The results for the tablets packed in aluminium blisters
under nitrogen gas do not demonstrate any clear evidence
of chemical decomposition (or oxidation) of the active
ingredient upon storage for 36 months at 25°C/60%RH or for
12 months_at 40°C/75%RH. Thére is no time or temperature-
dependent: decrease in buprenorphine content and no time or
temperéture—dependent increase in levels of degradation

products.

Chemical decomposition of the active ingredient is clearly
shown in the tablets of the PVC/PVAC pack, but not in the-
tablets of the Alu/N; pack. A

The 'protection for chemical decomposition brovided by- the
present  invention means that there is no need to add

undesirable ingredients such as chemical stabilisers or

- antioxidants to the formulation of the tablet in order to

impiove chemical stability.
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CLAIMS

1. A water- and,oxygen—occluSive pack enclosing an inert
atmosphere containing medicinal tablets, wherein the

tablets contain buprenorphine or a salt or ester thereof.

2. A water- and oxygen-occlusive pack wherein the tablets
comprise from 0.2 to 20 mg of buprenorphine or a scaled

amount of a salt or ester thereof.

3. A water- and oxygen-occlusive pack as*claimed'in claim
1 or 2 wherein each tablet thereof contains from 0.21mg to

22mg of buprenorphine hydroéhloride.

4. A water- and oxygen-occlusive pack as claimed in any

precedlng clalm wherein the tablets have a use—by date at

‘least 18 months after their packing under an inert

nitrogen atmosphere into the water and oxygen-occlusive

pack.

5. A water- and oxygen-occlusive pack as claimed in any

preceding claim, being a blister pack.

6. A water- and oxygen-occlusive pack as claimed in any
preceding claim wherein the pack comprises wall material

having a metallic iayer.

7. A water- and oxygen-occlusive pack as claimed in any
preceding claim wherein the tablets include a

monosaccharide or a disaccharide or a mixture thereof.

8. A water and oxygen-occlusive pack as claimed in any

preceding claim wherein the tablets comprise lactose.
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9. A water and oxygen-occlusive pack as claimed in any

preceding claim wherein the tablets comprise mannitol.

10. A water and oxygen—oeclusive pack as claimed in any
preceding claim wherein the tablets  comprise a

disintegrant.

11. A water and oxygen-occlusive pack as claimed in ahy
preceding claim wherein the tablets comprise magnesium

stearate.

' 12. A water and oxygen-occlusive pack as claimed in any

preceding claim- wherein the tablets do not comprise an
antioxidant to protect the buprenorphine or salt or ester

thereof.

13. A water.and oxygen-occlusive pack as claimed in any
precedlng claim wherein the tablets do not comprise a
chelatlng agent to protect the buprenorphlne or salt or

ester thereof.

14. A water and .oxygen-occlusive pack as claimed in any
preceding claim wherein the tablets comprise a mixture of

anhydrous citric acid and sodium citrate.

15. A method of manufacturlng a pack as clalmed in any
preceding claim wherein tablets are enclosed in said
water- and oxygen-occlusive material under an inert

atmosphere.

16. A method of supplying and/or administering tablets

from a water- and oxygen-occlusive pack as claimed in any

of claims 1 to 14.
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Controlled buccal delivery of buprenorphine

J.P. Cassidy, N.M. Landzert and E. Quadros
. Ciba-Geigy Corporation, Ardsley, New York, Us4 . ,
(Réceivéd 7 October 1992; accepted in revised form 13 November 1992)

Buprenorphme is a potent opiate agomst—antagomst used in the treatment of both acute and chronic
pain. Like many opiates, it has low oral bioavailability due to both presystemic metabolism in the wall
of the gastrointestinal tract and extensive first pass metabolism. Controlled delivery of analgesics re-
sults in good pain relief and a lower total requirement for the drug, Buccal delivery offers advantages
in terms of accessibility, avoidance of first pass metabolism and the ability to provide controlled deliv-
ery for extended penods of time. Buccal permeation of buprenorphine was measured in vitro and in
vivo in the dog model using prototype non-woven and hydrogel systems. The fluxes of drug were iden-
tical from solutions and from non-woven systems in vitro, providing a reliable way of applying a drug

" solution to the mucosa without leaking. A model is described that permits screening of potential buccal
systems in vitro to select a system for in vivo use. In vivo, steady-state plasma levels were obtained
using both non-woven and hydrogel systems. Steady state was attained in 1'to 1.5 h and was maintained = -
during the time of application of the system. Assuming that the flux in man is similar to that in the
dog, controlled buccal dellvery of buprenorplnne would pr0v1de adequate analgesna over an extended
period of time. _

Key words: Buccal; Buprenorphine; Analgesia; Controlled delivery; Hydrogels

both aptimal patient comfort anda reduced total
_ amount of analgesic [6]. Controiled delivery of
buprenorphme may therefore, offer advantages

: Inti-oductioa

Buprenorphine, an opiate agonist-antagonist

with 20 to 40 times the potency of morphine [1],
is used in the treatment of both acute and chronic
pain [2,3]. Like many opiates, it is extensively
metabolized in both the gastrointestinal. (GI)

tract and the liver [4,5] and is therefore a poor

- candidate for oral delivery. It is currently admip-

istered as repeated intravenous or intramuscular.
injections and as a sublingual tablet. In the con=x-

trol of pain, it has been reported that administra-
tion of an analgesic at a constant rate results in

Correspondence to: E. Quadros, Ciba-Geigy Corporation, 444
_ Saw Mill River Road, Ardsley, NY 10502, USA.

in pain management.
The buccal route offers several advantages for
controlled drug delivery for extended periods of

- time. The micosa is well supplied with both vas-

cular and lymphatic drainage and first-pass me-
tabolism in the liver and pre-systemic metabo-
lism in the GI tract are avoided. The area is’

~obviously very accessible for placement and re-

moval of a delivery device. Polymeric systems
with an impermeable backing could deliver drug
in a unidirectional fashion to the mucosa and
avoid loss due to swallowing. The ultimate aim

‘would be to devc;lop a small, thin, flexible dewice
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that would adhere to the mucosa during riormal
activities, including eating and drinking. Buccal

delivery also offers the advantage of rapid ab-

sorption, which would obviously be necessary in
the control of pain, and buprenorphine is known
to be efficacious as a sublingual tablet [7]. The
use of a device that provides rapid, long-lasting
and adequate pain control by noninvasive means
could offer considerable advantages in pain
management.

In the present study, the buccal absorption of

buprenorphine was assessed in vitro in modified
Ussing chambers [8]. Three different prototype
systems, one non-woven and two hydrogels of
varying water content, were assessed in vitro and
in vive in the dog. Hydrogels have previously
been used for the buccal delivery of diclofenac
sodium in both the dog and man [9,10], and
similar fluxes were measured in both species.
Preliminary results of the current studies have
been presented [11,12]. E

Matenals and Methods

Materials -

Buprenorphine hydrochloride was obtained

from Diosynth (Bensenville, IL) and was used
without further purification. Radioimmunoas-

fluorescence detection using an excitation wave-
length of 213 nm and a 360 nm emission cut-off
filter. The mobile phase (60/40 acetonitrile./
0.01M KH,PO,, 0.01% TEA, adjusted to pH 3
with phosphoric acid) was pumped isocratically
at a flow rate of 1.5 ml/min. Standards were
made up in the same solution as the samples
being assayed. The standard curve was linear over -
the concentration range 25 ng/ml to 20 ug/ml,
using an injection volume of 15 pl. '

RIA. Buprenorphine in Tris-phosphate saline
[13] was measured using a modification of a
commercially available kit. Briefly, 50 4l of sam-
ple (or standard) was incubated with 100 zl of
["**I]buprenorphine and 100 gl of antiserum at -
room temperature for | h. Separation of anti-
body-bound from free buprenorphine was ac-
complished by the addition of a second antibody
(goat anti-rabbit gamma-globulin), and centrif-
ugation at 25°C (1500 g for 30 min). The pel-
let, containing antibody-bound material, was .
counted using a gamma counter (Minaxi Gamma
Model 5000, Packard Instrument Company,
Downers Grove, IL). The amount of buprenor-
phine was calculated from the standard curve
which ranged from 0.05 to 15 ng/ml. Samples
were assayed undiluted or at a dilution of 1:5 or

1:20. The assay was validated at all dilutions

“say (RIA) kits were purchased from Diagnostic
Products Corporation (Los Angeles, CA). -Bu-

. tyl peroctoate was from Pennwalt, Buffalo, NY, -

2-hydroxyethyl methacrylate (HEMA, Lot

#64622) was obtained from Polysciences, Inc.,

Warrington, PA, and monomer:macromer mix
. was kindly supplied by Dr. K. F. Mueller'of Cen-
tral Research, Ciba-Geigy Corporation, Ardsley,
NY. All other reagents were of HPLC or analyt-
ical grade and were used as purchased.

Methods -

Analytical methodology

HPLC. Buprenorphine was quantitated by re-

verse phase high performance liquid chromato-
graphy (HPLC) on a C-18 column (3 cm, 3 yum

particle size; Perkin-Elmer, Norwalk, CT) with -

studied and stability of buprenorphine was con- .

firmed in buffer stored at —70°C for up to 21

- days prior to analysis.

Solubility of buprenarphme hydrochlorzde
The solubility of buprenorphme HCI was de-
termined by the addition of excess drug to either

" phosphate buffers [14,15] or physiological buffer

(Tris-phosphate saline) with initial pH values
between 4 and 8. The vials were capped, vor-
texed and placed in a shaking water bath at 25°C
for 24 h. 1.5 ml of solution was removed, centri-
fuged in a microfuge (Model 235B, Fisher Seci-
entific, Springfield, NJ) at 15000 g for 2 min
at room temperature and diluted for determina-
tion of buprenorphine by HPLC. The pH of the
solutions was measured to give the final pH of
the solutlons
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Buprenorphine flux across buccal mucosa in vitro

'~ Male New Zealand White rabbits (2-4 kg) -

were sacrificed by carbon dioxide inhalation and
beagle dogs of either sex (7-11 kg) were sacri-
ficed by an intravenous overdose of Nembutal®
and exsanguination. All animal experimentation
. was performed according to protocols approved
by Ciba-Geigy’s Animal Care Committee. Buc-

cal tissue was removed by blunt dissection, sep- -

arated from underlying muscle, rinsed in buffer
and mounted in modified Ussing chambers
(WPI, Sarasota, FL). Equilibration wasin 10 ml
Krebs-Henseleit buffer [16], containing 10 mM

glucose. The pH was maintained at 7.4 by bub-.

bling with 95% O,/5% CO, and the temperature
was maintained at 37°C by water-jacketing. The
tissue was equilibrated for 30-60 min before drug
donor solution was added to the mucosal side and

fresh buffer was added to the serosal side. Sam-

ples (0.5 ml) were taken at intervals from the
serosal side and the volume replaced with buffer.
Samples were assayed for buprenorphine con-

tent by RIA or HPLC. Due to the low solubility

- of buprenorphine at neutral pH, some flux stud-
ies were performed at pH 4 using Tris-phosphate
saline buffer. To monitor tissue viability, tran-
sepithelial potential difference and short-circuit
current were measured by salt bridges of 2% agar

in Krebs-Henseleit buffer in contact with Ag/

AgCl electrodes connected to a voltage current
clamp (DVC—1000 WPI1, Sarasota FL) via a
preamphﬁer

Preparation of hydrogel discs -

- The hydrogels were prepared by copolymeri-
zation of HEMA with a macromer synthesized
by the reaction of polytetramethylene glycol
(Polymeg® ) with isophorone diisocyanate in a
1:2 ratio [17]. Both 90:10 - (mono-

mer: macromer, wt/wt) and 80: 20 hydrogel sys-

tems were assessed. 90:10 and 80:20 hydrogels
were prepared by the addition of HEMA to a
70:30 monomer: macromer mixture. After de-
gassing for 30 min, 0.2 wt% of #-butyl peroctoate

was added as initiator. The solution was placed

between two Mylar®-covered glass plates with the

appropriate Teflon® spacer around the perime-

ter. The polymer was crosslinked by placing the

23

mold at 80°C for 1 h. After cooling, the polymer
was removed and washed with 5 changesof 81of

. distilled water. Discs were punched from the

water-washed polymer, and remaining mono-
mer was removed by Soxhlet extraction in
ethanol overnight. The extracted discs were dried

. ina vacuum oven at 45°Cfor24h.

For drug loading, the dried discs were weighed,
placed in a solution of buprenorphine HCl (15

- wt% in 70% ethanol/30% 0.01 M KH,PO,, pH

4) and stirred at 45°C for 72 h. The loaded sys-
tems were removed, nnsed briefly in 70% ethanol

“and dried for 48 h at room temperature in a vac-

uum desiccator. Before use, the systems were
placed in a 95% humldlty chamber for 48 hat
room temperature

Dzssolutzon testmg
The release profiles of the systems were deter—

" mined using dried discs in a standard dissolution

apparatus with stainless steel baskets (Vander-

. kamp 600, Van-Kel Industries, Chatham, NJ).

Dissolution was determined in 500 ml of dis-
tilled water at 32°C. At various time intervals,
0.8 ‘ml of the solution was withdrawn from the
reservoir and assayed for buprenorphme content
by HPLC. ,

Systems application invitro
‘The fluxes of buprenorphine across canine
buccal mucosa were measured from both non-

- woven and hydrogel discs in vitro. Buprenor-

phine (220 i of 10 mg/ml buprenorphine hy-

drochloride in 10 mM KH,PO,) was pipetted -

onto the surface of the non-woven material. The
system was applied to ‘the buccal mucosa and
mounted in the Ussing chamber. Hydrogel discs,
prepared as described above, were applied to the
mucosal surface, backed with Parafilm® and -

~mounted in the Ussing chamber. In all experi-

ments, the total exposed surface area was 1 cm?,

Buccal absorption in vivo :

Beagles (7-11 kg) of either sex were fasted
overnight and had free access to water until the
time of experimentation. They were anesthe-
tized with sodium pentobarbital (approximately -
25 mg/kg) viaa 22 G Abbocath® in the cephalic
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vein and additional doses were administered to
maintain anesthesia during the course of the ex-
periment. Cannula patency was maintained with
an i.v. drip of sterile lactated Ringers (1 ml/
min). Blodd samples (3 ml) were drawn into
heparinized Monoject® syringes and plasma, ob-
tained following centrifugation (2000X g for 10
min ), was placed in microfuge tubes and frozen

in a dry ice-ethanol bath. Samples were stored .

for up to 3 weeks at.—70°C.

To determine the i.v. pharmacokmcucs of bu-
prenorphme, a 0.30 mg bolus of buprenorphine
HCl in 1.5 ml of ]actated Ringers solution was

injected through a second catheter placed in the.

saphenous vein. The bolus was followed by 5 ml
of lactated Ringers to insure injection of the total
dose. Plasma samples were obtained over a 4 h

period and assayed for buprenorphine content by . -

RIA. The fit of the plasma profile to a biexpo-
nential equation was modelled using R-Strip
(Micromath, Inc.) with a y* weighting, and
pharmacokinetic parameters were determined for
each animal. -

To determine buccal delivery of buprenorr
_phine, beagles were anesthetized as described

above, and a zero time blood sample was taken.
The inner cheek was blotted dry with gauze, the
appropriate device(s) was placed on the cheek

. and the area covered by an impermeable backing
~*membrane held in place’by a peripheral adhesive

(Super Polygrip, Dentco, Inc., Jersey City, NJ).
The device was left in position for 2 to 4 h. Blood
samples were taken at intervals during the appli-
cation of the device and after its removal. All
plasma samples were assayed for buprenorphine
content by RIA. Results are exprcssed as the
mean *1 SEM

Results

Solubility of buprenorphine hj'drochloride :

At the end of the 24 h incubaﬁon period all
- vials contained undissolved material' which was

removed by centrifugation. The solubility of bu-

prenorphine was highly pH dependent with the -
highest solubility seen at low pH (17.3 mg/mlat

" pH 4.2). The solubility at neutral pH was con-

siderably lower (52 pg/ml at pH 7.3) (Fig. 1).
Essentially, similar solubilities were measured in
USP, phosphate, and physiological (TPS) buff-
ers, except at pH 4.2 when the solubility was con-

siderably lower in TPS (4.2 mg/vml).’ -t

Buprenorphine flux across buccal mucosa in vitro

The flux of buprenorphine in vitro was mea-
sured across buccal mucosa obtained from both
rabbit and dog. The donor solutions were at sat-
uration (4.3 mg/ml) in TPS buffer, adjusted to
pH 4 with isotonic citric acid. Steady-state fluxes
were calculated by linear regression using the
asymptotic region of the cumulative amount/
time curve and the time lag (to steady-state) was
determined from the intercept on the abscissa.
The steady-state fluxes and time lags were

4.2+0.6 uyg/cm?/hand 2.7+0.1 h (n=6) in the
rabbit and 22.3+6.0 yg/cm?/h and 1.6 + 0.4 h
(n=4) in the dog, respectively. In the rabbit,
steady-state flux was linearly related to donor
concentration.over the range 0.04.to 4.3 mg/ml. -
(Fig. 2, r=0.998). The addition of sodium azide
(10 mM), a metabolic inhibitor, to the mucosal .
solution at the same time as the drug caused the
abolition of the transepxthehal potentlal dlﬂ'er-

flux of buprenorphine, with no attainment of
steady-state within the experimental time period.

L]
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Fig. L. Solubilit& of buprenor_phineAhydrochlon‘de i!i phos-
phate, USP phosphate and physiological (TPS) buffers.
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Fig. 3. Dissolution of buprenorphine from non-woven and

hydrogel systems as a funcnon of the square root of time in
" hours.

Dissolution of buprenorphine from systems .

The hydrogel discs were 1.9 cm” and 0.138 mm
thick. The release profiles of buprenorphine from

90:10 and 80:20 hydrogel discs were linear with -

the square root of time for 1 and 2 h, respectively
(Fig. 3). The release rates were 432+25 and
173+5 pg/cm?/h~'/2 for the 90:10 and 80:20
discs, respectively (n=3, for each system).

Drug release from these monoliths that are ini- .
tially swelled w1th watcr may be descnbed by the

equation:

25

M, =8 exp(—D[2n+112nzt/Lz)
Mm.—l—ngo . (2n+1)%x2 (18)

where: M,=total amount of drug released at time
t, M =total drugloaded into hydrogel, D=drug
diffusion coefficient, and L=thickness of
hydrogeL.

The diffusion coefﬁment for buprenorphme
can be calculated using an early time approxi-
mation of the above equatlon

ﬁ (Dt)uz
M, 7CL2 :

This equation is accurate to thhm 1% for M,/
M_<0.6.
The diffusion coefficients for buprenorphine
were. 6.6+0.72%10~° and 2.2:+0.14%x10-6
m?/h for the 90:10 and. 80:20 hydrogels
respcctlvely

- Flux from systems in vitro

Steady-state flux across dog buccal mucosa
from a solution of buprenorphine (10 mg/ml in
10 mM KH,PO,, pH 4) was 87.1+30.3 ug/cm?/
h with a time lag of 1.320.33 h, n=7 (Fig. 4).
The permeability coefficient . was
2.42+0.84%107° cm/s. The steady-state flux
from the same solution loaded onto a non-woven
chamber was 78.7+26,4 yg/cm’/h with a time

400 |

ao0 I ~®— 10 mg/m
R n=10

200 n=10

Buprenorphine {ug/cm®)

100

Time {hr)

Fig. 4. Cumulative flux of buprenorphine across dog buccal

mucosa from a solution of 10 mg/mi (n=10) and from 220

ul of a 10 mg/mi solution loaded on 10 a non-woven system
(n— 10).
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lag of 0.95+0.24 h, n=11 (Fig. 4). There was '

no significant difference between the flux from
solution or from the non-woven device, suggest-
ing that the use of non-woven systems in vivo
would be equivalent to the application of a solu-
tion to the buccal mucosa without the associated
problems of leakage and clamping of the device
in place. Although there was a fairly large varia-
tion in the fluxes among animals, the flux across
tissue from a single animal was much more re-
producible. Paired experiments were performed
using solutions, 90: 10 and 80:20 hydrogel discs
on buccal mucosa from 4 dogs in vitro in Ussing
chambers (Fig. 5). The steady-state fluxes were
65.0+19.0, 20.8+3.1 and 10.4+2.4 ug/cm?/h
with time lags of 1.8+0.15, 1.4+0.21 and
2.1%+0.12 h, respectively. -

Buprenorphine pharmacokine_ticé in the dog

Representative plasma levels of buprenor-
phine following an intravenous bolus of 0.3 mg
of buprenorphine hydrochloride are shown in
Fig. 6. The pharmacokinetic parameters deter-
mined for each dog are shown in Table 1. The
~ experimental data were fitted to a biexponential
rate equation to give the following mean param-
“eter values:

C'(t) 70,20 (=58 Se( ey S S

where C(t) is the plasma concentranon in ng/

250
L ‘ B
~ 200 -
€ |
3 . . ~®= 10 mg/mi
2 is0 3 . . . . T . n=4
g : * -0~ g0i10
2 T/.l n=é
5 100 * t —a= B80:20
] : ! B »T/'L n=4
g : 1 . 1
B 3 T
m
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i S
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Fig. 5. Cumulative flux of buprenorphine across dog huccalﬂ

mucosa from solution (10 mg/ml), 90:10 and 80: 20 hydro-
gel discs, n= 4.
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Fig. 6. Representative plasma profile of buprenorphine fol-

lowing administration of a 0.3 mg intravenous bolus. The data:

points were fitted to the curve shown by the dotted line using
the equation in the figure.

ml at time ¢ (h) after dosing. The mean clear-
ance value was 144+ 10 ml/min and the total
volume of distribution was 26.3+2.31 (n=6).
These values are similar to those reported in the

literature [19].

Buccal absorption in vivo ..

Plasma buprenorphine levels following buccal
application of one and three. 1 cm? non-woven
devices are shown in Fig. 7. Steady-state levels
(C.. )y were calculated from the linear portionsof
the cumulative area under the plasma concentra-
tion time curves (AUC) versus time plots and
the time lag to steady-state was the intercept on
the. abscissa (Fig. 8). The steady-state plasma .

levels were 8.2+1.1 (n=6), 1.6£0.06 (n=3)

and 1.5 ng/ml (n=2) during the application of
three 1 cm? discs, four 0.5 cm? discs and one-
cm? disc, respectively. Steady-state flux (J,,, was
calculated from the following equation

C,s X Clearance
e

where 4=area in cm? ‘ :
The steady-state fluxes were 22.0+3.4 ug/
m?/h (n=6) from three 1 cm? devices, 7.0+ 0.3
from four 0.5 cm? discs and 12.7 ug/cm?/h from
asingle 1'cm? device. The steady-state flux of bu-
prenorphine from the smaller (0.5 cm?) devices
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TABLE 1

Pharmacokinetic parameters for an intravenous bolus of bﬁprsnorphine hydrochloride (300 ﬁg)

Parameter Dog No. Mean + SEM
616567 991911 99267 N 996971 581216 - 487945
Weight (kg) 95 10.5 102 10.2 102. 118 104 +03
Sex F F F F M F ,
A (ng/mi) ' 74.5 156.3 648 66.4. 59.3 537 792 157
@ (h~1) 69 8.1 a1 5.6 49 538 59 +0.6
B (ng/ml) .15 9.5 8.9 6.2 6.8 - 6.2 7.5 0.6
A1) 0.33 0.37 - 0.33 0.37 0.31 . 0.29 0.33£0.01
Clearance' (ml/min) 151 110 116 173 1148 163 144 *10
vy, - 27.5 18.0 .21 28.4 28.5 340 26.3 2.3
4 'Clcarance'—-——-—]?—mi———.
Area under curve
s Clearance

4=Terminal half life".

—&— 3xiem2

Plasma buprenorphine (ng/mi}

: Time (hr)--

Fig. 7. Plasma levels of buprenorphine obtained after appli-
cation of one or three 1 ¢m? non-woven buccal devices. The
single device was applied for 3 h and the three devices for

‘ 4h. ) .

was significantly lower than that from three 1 cm?
- devices (p<0.01), when expressed on the basis
of area.

Using the 80:20 hydrogels, steady-state plasma
levels of 3.7+ 0.6 ng/ml (n=3) and 1.6 +0.4 ng/

ml (n=3) were achieved following application.
of one 3.75 cin? and three 1 cm? discs, respec- -

tively (Fig. 9). The time-lags to steady-state were
0.9+0.4 and 0.7 + 0.1 h, respectively. The steady-

state fluxes were 8.6 +0.9 and 4.8 +0.7 ug/cm?/
h from one 3.75 cm? and three 1 cm? discs; re--

spectively. The flux from three | cm® hydrogel

-G~ 1xicm2

‘Cumulative AUG {ng hr/mi)
N
(-]

40

w
(-]

—&— HT 3x1t
-- 80:20 3x1

—&— B0:20 1x1.75

-
o

Time ()

Fig. 8. Cumulative AUC versus tirﬁe curves following the ap-
plication of non-woven and hydrogel systems to canine buc-
. cal mucosa. )

discs was sigﬁificanﬂy lower than that from three
[ cm? non-woven discs (p<0.01) and the time

" lag to steady-state was significantly longer (0.7

vs. 0.3'h, p<0.01). Using the higher water con-_
tent hydrogels of various sizes (0.5 to 3.75 cm?)
steady-state plasma levels were not achieved and
considerable variation was seen. The flux data are

_ summarized in Table 2.

Discussion

The-solubility of buprenorphine hydrochio-
ride was highly pH dependent, with an exponen-
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Fig. 9. Plasma levels of buprenorphine following the buccal

application of 80:20 hydrogel discs. The time of application

for the.3.75 cm? disc was 4 hours and for the three 1 cm?
' discs, 3.5 hours.

TABLE2

. In vivo fluxes of buprenarphine from prototype systems in the dog

permeability coefficients of 14.4 and 2.7 x 10~7
cm/s, respectively. The relative permeability was
similar to that reported for CGS 16617, a highly
hydrophilic angiotensin converting enzyme- in- -
hibitor [8]. The addition of sodium azide, an

-uncoupler of oxidative phosphorylation, re-

sulted in significantly increased flux of bupren-
orphine across.rabbit buccal mucosa. Azide
abolishes the spontaneous transepithelial poten-
tial difference and the barrier properties of buc-
cal mucosa from a variety of species [8]. The flux
of buprenorphine was the same from a 10 mg/
ml donor in free solution or loaded onto a non-
woven chamber, suggesting that the non-woven'
chamber in vivo would be equivalent to the ap-
plication of a drug solution to the mucosa. The
use of cups containing solutions has been asso-
ciated with leakage and the problems of clamp-
ing a cup securely in position without it moving
or compromising the blood supply to the area. .
The application of non-woven systems to the
buccal mucosa for 3 to 4 h resulted in steady-state
plasma levels which were maintained until the
removal of the systems. The slower decline in
plasma levels compared to the rapid fall after an
intravenous dose suggests the presence of a de-
pot in the buccal mucosa. The lower flux from
smaller systems even when corrected for area may
reflect an edge effect which may be due to poor

System* - Flux . Sg.cady~st§'tc plasma n
(ug/cm*/hr)  concentration (ng/mi)
Non-woven. .
3%1cem? 22.0+3.4 B.2%1.1 6
4x0.5cm? 70103 1.6+0.06 3
1x1cm? . 12.7 1.5 2
80:20 hydrogels . ] L
I3 5 em? T 86109 37106 73
Ix!tem? 48+0.7 1.6+0.4 ) 3

'thbcr of systems X area of system.
Results are the mean * | SEM.

" tial increase in solubility as the pH decreased. Its

behavior in solution was similar to that reported
for fentanyl and sufentanil, which are also weakly
basic narcotic analgesics [20]. The presence of
salts at a physiological concentration decreased
the solubility from 17.3 mg/ml in phosphate
buffer to 4.2 mg/ml. :

The permeation of buprenorphine through

rabbit buccal mucosa in vitro was linearly re-

lated to the donor concentration over the range
0.04 to.4.3 mg/ml, which is supportive of pas-

sive diffusion as the mechanism of transport. The
permeability of canine buccal mucosa was about:

seven-fold greater than that of the rabbit, with

contact with thetissue. The 80:20 hydrogel sys-
tems also produced steady-state plasma levels
with a similar slow decline after system removal
(Fig. 9), but the flux was significantly lower than
that obtained during the application of non- .
woven systems of the same size. The higher water
content hydrogels gave rise to much more erratic
plasma levels and steady-state was not achieved.

Conclusions

Steady-state plasma levels of buprenorphine
were obtained in the dog using two different pro-
totype systems, one non-woven and the other a
hydrogel. The lag times were less than 1 h in both
cases which would therefore provide rapid deliv-
ery of this analgesic. Good analgesic effect was
obtained in man with sublingual buprenorphine
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following a similar delay in absorption [7]. The
dog has been reported to be a good model for man

[9,10] and extrapolation of these results to man
suggests that the buccal route of delivery of bu-
prenorphine would be feasible and would offer

an excellent treatment modality for pain relief.-
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REIVINDICACIONES

1. Una composicion farmacéutica que comprende microparticulas de
buprenorfina, o una sal farmaceuticamente aceptable de la misma, en una
cantidad en la composicién comprendida entre 0.1 mg y 50 mg, particulas que
comprenden acido citrico, naloxona, o una sal farmacéuticamente aceptable de
la misma, en una cantidad en la composicion comprendida entre 0.125 mg y
12.5 mg, y un disgregante seleccionado de croscarmelosa sddica, glicolato de
almidon sodico, polivinilpirrolidona reticulada o una mezcla de los mismos,
donde la proporcion de la dosis de buprenorfina:naloxona es de
aproximadamente 4:1 (calculada como bases libres) y donde las
microparticulas de buprenorfina y las particulas que comprenden acido citrico

estan en contacto intimo entre si.

2. Una composicién de acuerdo con la reivindicacién 1, en la que las
microparticulas de buprenorfina tienen un diametro medio en base al peso

inferior a 15 um.

3. Una composicibn 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.

4. Una composicion de acuerdo con la reivindicacion 3, en la que las

particulas vehiculo son de un tamano que esta entre 100 y 800 um.
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5. Una composicién de acuerdo con la reivindicacion 3 o la reivindicacion

4, en la que las particulas vehiculo son hidrosolubles.

6. Una composicibn de acuerdo con una cualquiera de las

reivindicaciones 3 a 5, en la que las particulas vehiculo comprenden manitol.

7. Una composicibn de acuerdo con una cualquiera de las
reivindicaciones 3 a 6, en la que las particulas de acido citrico, se presentan y

actuan como particulas vehiculo.

8. Una composicion de acuerdo con una cualquiera de las
reivindicaciones precedentes, que esta en forma de un comprimido adecuado

para administracion sublingual.

9. Un procedimiento para la preparacion de una composicion como se ha
definido en una cualquiera de las reivindicaciones 3 a 8, que comprende
mezclar en seco las particulas vehiculo con buprenorfina o una sal de la

misma.

10. Un procedimiento para la preparacion de un comprimido sublingual
como se ha definido en la reivindicacion 8, que comprende comprimir o
compactar directamente una composicion como se ha definido en una

cualquiera de las reivindicaciones 1 a 7.
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