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I. RECURSO ViA GUBERNATIVA

Yo, Luz Clemencia DE PAEZ, en mi condicién de apoderada de la sociedad
CROSS SA AND EURODRUG LABORATORIES B.V. solicitante de la patente de la
referencia, por el presente escrito atentamente manifiesto a usted que debidamente
notificada de la Resolucion No. 64610 del 17 de septiembre de 2015, interpongo en su
contra el recurso de REPOSICION, para que sea revocada y en consecuencia se conceda
el privilegio de patente de invencion para “COMPOSICION FARMACEUTICA QUE
COMPRENDE UN MEDICAMENTO QUE CONTIENE POR LO MENOS UNA FUNCION
TOXICOFORA Y N-ACETIL-LCISTEINA” a favor de CROSS SA AND EURODRUG
LABORATORIES B.V..

Il. OPORTUNIDAD DE LA IMPUGNACION

La Resolucion No. 64610 del 17 de septiembre de 2015, con fecha de publicacién
listado del 22 de septiembre de 2015, fecha de vencimiento del 22 de octubre de 2015, y
fecha del término legal 6 de noviembre de 2015.
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Ill. LA DECISION RECURRIDA

Mediante la Resolucion objeto de la presente impugnacion, el Superintendente de
Industria y Comercio decidio:

Denegar la patente de invencion a la creacion titulada: “COMPOSICION
FARMACEUTICA QUE COMPRENDE UN MEDICAMENTO QUE CONTIENE
POR LO MENOS UNA FUNCION TOXICOFORA Y N-ACETIL-LCISTEINA”

En la parte motiva de la providencia, se mencionaron los siguientes fundamentos:

La nueva reivindicacion 8 no es clara porque se refiere a un resultado a alcanzar
cuando menciona que la composicion farmacéutica esta caracterizada porque la
N-acetil-L-cisteina (NAC) tiene una biodisponibilidad mas rapida que aquella de
la nimesulida. El resultado a alcanzar no define al producto porque la invencion
no queda definida por el resultado a alcanzar, puesto que la reivindicacion
incluiria no sélo la solucion propuesta por el solicitante, sino todas las
alternativas presentes o futuras que lleguen a ese resultado. Se sugiere
reemplazarlo por las caracteristicas esenciales, estructurales o funcionales, que
contribuyen a la obtencion de ese efecto.

Las caracteristicas esenciales de la invencién de la reivindicacion 1 y sus
dependientes habian sido derivadas de manera evidente previamente en los
documentos D1 (US2003119909) y D2 (Curr Opin Gastroenterol. 2010 May;
26(3): 222-226.).

La diferencia entre la invencién, definida en la reivindicacion 1 y la composicion
farmacéutica divulgada en el documento D1 consiste en que el documento D1 no
establece que el AINES pueda ser especificamente nimesulida.

El efecto que logra el incluir esta caracteristica es que previene especificamente
las reacciones hepaticas idiosincraticas que puede causar la nimesulida.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion
se puede formular asi: “como modificar la composicion divulgada en el
documento D1 para obtener una composicion que comprenda nimesulida y que
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prevenga especificamente las reacciones hepaticas idiosincraticas que puede
causar dicho farmaco”.

Sin embargo, el documento D1 sugiere el uso de diversos tipos de AINES, con
diferentes estructuras (Reiv. 2).

Por otro lado, el documento D2 ensefia que el uso de N-acetilcisteina es
beneficioso para pacientes con dafo hepatico agudo idiosincratico causado por
medicamentos entre los que menciona AINES, antibioticos, entre otros
medicamentos de diversos tipos (todo el documento; Pag. 6, tercer parr.;
conclusién), y es del conocimiento comun de la persona versada en la materia
que la nimesulida es un AINES que produce hepatotoxicidad idiosincratica, al
igual que otros AINES.

En consecuencia, la persona del oficio normalmente versada en la materia,
incluiria la nimesulida dentro de las formulaciones divulgadas en el documento
D1, porque el documento D1 divulga que se puede usar un AINES como agente
activo en combinacién con N-acetilcisteina y menciona diferentes tipos de
AINES, y el documento D2 ensefia el uso de N-acetilcisteina como benéfico en
el tratamiento de personas con dafio hepatico agudo idiosincratico causado por
medicamentos como los AINES, por lo cual tendria una expectativa razonable de
obtener con la nimesulida el mismo efecto que se obtiene con los demas AINES
divulgados en el documento D1 porque es de su conocimiento comun que la
nimesulida causa hepatotoxicidad idiosincratica al igual que otros AINES . Por lo
cual el objeto de la reivindicacién 1 se considera obvio.

Las reivindicaciones dependientes 2-7 no mencionan alguna caracteristica que,
junto con las caracteristicas de la reivindicacion independiente, aporte nivel
inventivo al producto de la reivindicacion 1, por lo cual se considera que no tienen
nivel inventivo.

Las caracteristicas esenciales de la invencion de la reivindicacion 9 y sus
dependientes habian sido derivadas de manera evidente previamente en los
documentos D1 (US2003119909) y D2 (Curr Opin Gastroenterol. 2010 May;
26(3): 222-226.).
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La diferencia entre la invencion, definida en la reivindicacion 9 y la
composicion farmacéutica divulgada en el documento D1 consiste en que
el documento D1 no establece que el AINES pueda ser especificamente
nimesulida.

El efecto que logra el incluir esta caracteristica es que previene especificamente
de las reacciones hepaticas idiosincraticas que puede causar la nimesulida.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se
puede formular asi: “como modificar la composicion divulgada en el documento
D1 para obtener una composicidon que comprenda nimesulida y que prevenga
especificamente las reacciones hepaticas idiosincraticas que puede causar dicho
farmaco”.

Sin embargo, el documento D1 sugiere el uso de diverso tipo de AINES, de
diferentes estructuras (Reiv. 2).

Por otro lado, el documento D2 ensefia que el uso de N-acetilcisteina es
beneficioso para pacientes con dafo hepatico agudo idiosincratico causado por
medicamentos entre los que menciona AINES, antibidticos, entre otros
medicamentos de diversos tipos (todo el documento; Pag. 6, tercer parr,;
conclusion), y es del conocimiento comun de la persona versada en la materia
que la nimesulida es un AINES que produce hepatotoxicidad idiosincratica, al
igual que otros AINES.

En consecuencia, la persona del oficio normalmente versada en la materia,
incluiria la nimesulida dentro de las formulaciones divulgadas en el documento
D1, porque el documento D1 divulga que se puede usar un AINES como agente
activo en combinacion con N-acetilcisteina y menciona diferentes tipos de AINES,
y el documento D2 ensefia que el uso de N-acetilcisteina como benéfico en el
tratamiento de persona con dafo hepatico agudo idiosincratico causado por
medicamentos como los AINES, por lo cual tendria una expectativa razonable de
obtener con la nimesulida el mismo efecto que se obtiene con los demas AINES
divulgados en el documento D1 porque es de su conocimiento comun que la
nimesulida causa hepatotoxicidad idiosincratica al igual que otros AINES5 . Por lo
cual el objeto de la reivindicacion 9 se considera obvio.
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Es oportuno aclarar que el analisis de nivel inventivo efectuado a la presente
solicitud se basa en las ensefianzas que en conjunto divulgan los documentos D1
y D2, junto con el conocimiento de la persona versada en la materia, y no a las
ensefianzas de dichos documentos en forma aislada. El documento D1 divulga
que la administracion combinada de un AINES y un derivado de cisteina, que es
preferiblemente N-acetilcisteina, reduce los efectos secundarios dafninos de
diferentes tipos de AINES de forma inesperada (Parr. [0010]). Por su parte, el
documento D2, ensefia que el uso de N-acetilcisteina es beneficioso para
pacientes con dafo hepatico agudo idiosincratico causado por medicamentos
entre los que menciona AINES, antibidticos, entre otros medicamentos de
diversos tipos (todo el documento; Pag. 6, tercer parr.; conclusién).
Adicionalmente, es del conocimiento comun de la persona versada en la materia
que la nimesulida es un AINES que produce hepatotoxicidad idiosincratica, de
forma comparable a otros AINES. En consecuencia, la persona normalmente
versada en la materia se veria motivada por la informacién divulgada en los
documentos D1y D2 que divulgan las ventajas del uso de la N-acetilcisteina para
prevenir o tratar los efectos adversos de una gran variedad de AINES y otros
tipos de medicamentos, a obtener una composicion que comprendiera
Nacetilcisteina y otro AINES como la nimesulida, porque es conocido que las
reacciones adversas hepaticas de la nimesulida son comparables a las de otros
AINEs , por lo cual tendria la expectativa razonable de que con una composicion
que comprenda Nacetilcisteina y nimesulida obtendria los mismos resultados de
reduccion de efectos secundarios de las composiciones divulgadas en el
documento D1.

Se aclara a las solicitantes que el documento D1 especificamente sefiala que la
administracion combinada de un AINES y un derivado de cisteina, que es
preferiblemente N-acetilcisteina, reduce los efectos secundarios dafiinos de
diferentes tipos de AINES de forma inesperada (Parr. [0010]). Por lo cual dicho
efecto es esperado en vista de la informacién divulgada en el documento D1.
Adicionalmente, el mecanismo por el cual la NAC actia como antidoto en el
tratamiento de envenenamiento por AINES es conocido, por lo cual el hecho de
que la solicitante presente los datos de reaccidn de la NAC con los metabolitos
toxicos de nimesulida no le confiere nivel inventivo a la solicitud.
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IV. OBJETO DEL RECURSO

De acuerdo con los argumentos que expongo a continuacion, solicito atentamente
a su Despacho lo siguiente:

1, Revocar la Resolucion No. 64610 del 17 de septiembre de 2015.

2. Conceder el privilegio de patente de invencion para “COMPOSICION
FARMACEUTICA QUE COMPRENDE UN MEDICAMENTO QUE CONTIENE POR LO
MENOS UNA FUNCION TOXICOFORA Y N-ACETIL-LCISTEINA” a favor de CROSS SA
AND EURODRUG LABORATORIES B.V..

V. MODIFICACION DE UNA SOLICITUD EN TRAMITE

De acuerdo con el articulo 34 de la Decision 486 de la Comision de la
Comunidad Andina, donde se establece que la modificacion de una solicitud es
posible en cualquier momento del tramite mientras no implique una ampliacion de
la solicitud inicial, me permito presentar un nuevo pliego reivindicatorio
conformado por 9 reivindicaciones.

Por lo tanto, los argumentos esgrimidos a continuacion con respecto a la
patentabilidad de la invencion, en los términos del capitulo reivindicatorio modificado,
resultan plenamente predicables del capitulo reivindicatorio sobre el cual la patente fue
negada. En efecto, la no ampliacién de la materia en el nuevo pliego es evidencia
suficiente de que el presente recurso controvierte el analisis de patentabilidad efectuado
por su Despacho, de tal manera que el presente recurso cumple con los requisitos de ley
para su aceptacion y tramite.

VI. FUNDAMENTOS DEL RECURSO

Respetuosamente me permito disentir de lo expuesto por ese Despacho en la
Resolucion objeto del presente recurso, toda vez que la presente solicitud si cumple con
los requerimientos de novedad y nivel inventivo exigidos en la Decisién 486, como se
demostrara a continuacion:
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6.1 La presente solicitud si es clara

Se desea aclarar que la reivindicacion 8 ha sido eliminada del nuevo capitulo
reivindicatorio, por lo que ahora las reivindicaciones son del todo claras, cumpliendo los
requerimientos establecidos en el articulo 30 de la Decisién 486. Asi pues, se debe dar
por superada la objecién relacionada con la falta de claridad.

6.2 La presente solicitud si tiene nivel inventivo

A pesar de lo anterior y con el fin de demostrar que la presente solicitud cumple no
solo con el requerimiento de novedad sino también con el requerimiento de nivel
inventivo, se pone de presente lo siguiente:

El articulo 18 de la Decision 486 sefala lo siguiente:

“Articulo 18.- Se considerara que una invencion tiene nivel inventivo, si para una
persona del oficio normalmente versada en la materia técnica correspondiente, esa
invencion no hubiese resultado obvia ni se hubiese derivado de manera evidente del

estado de la téenica.”

Consecuentemente, una invencién se considerara inventiva si la misma no hubiese
resultado obvia a partir del arte previo, para una persona del oficio normalmente versada
en la materia. Esto a su vez implica que el Examinador a cargo de esta evaluacion debe
colocarse en el momento exacto en el que el inventor buscaba resolver el problema
tecnico contemplado en la solicitud y para el cual poseia la literatura y el conocimiento
disponibles en dicho momento.

Siguiendo entonces los lineamientos de la Jurisprudencia aplicable al analisis del
nivel inventivo de una solicitud de patente, se considera que una anterioridad o una
combinacion de dos anterioridades puede afectar dicho requerimiento de patentabilidad, si
una persona medianamente versada en la materia encuentra ensefianzas o sugerencias
claras que, a partir de un conocimiento medio en dicho campo, le permitan llegar de
manera obvia a la invencion reivindicada. Adicionalmente se considera que una mejora
sustancial, un efecto inesperado o una ventaja con respecto al arte previo es un indicio de
nivel inventivo, por cuanto aporta un salto tecnolégico en la regla técnica.
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Respecto a lo anterior, el Tribunal de Justicia de la Comunidad Andina ha
expuesto en la Interpretacion Prejudicial del proceso 13-IP-2010:

“En este orden de ideas, se puede concluir que una invencion goza de nivel
inventivo cuando a los ojos de un experto medio en el asunto de que se trate, se
necesita algo méas que la _simple aplicacion de los conocimientos técnicos en la
materia para llegar a ella, es decir, que de conformidad con el estado de la técnica
el invento no es consecuencia clara y directa de dicho estado”.

[sefalado fuera del texto]

Por lo anterior, se entiende que para que una persona medianamente versada en
la materia pudiera derivar de manera obvia una invencion, requeriria simplemente aplicar
sus conocimientos técnicos. En contraste, todo aquello que va mas alld de la simple
aplicacion de los conocimientos técnicos y que no ha sido revelado en el estado de la
técnica, debe ser considerado inventivo.

A este respecto, respetuosamente manifestamos nuestro desacuerdo con el
andlisis llevado a cabo por el Examinador y con las conclusiones del mismo y solicitamos
atentamente la reconsideracion de las razones por las cuales se decidié negar la patente,
con base en la siguiente informacion:

El Examinador menciona nuevamente que la persona versada en la materia se
hubiera visto motivada por las ensefianzas de los documentos D1 y D2 a obtener una
composicion que comprende N-acetilcisteina con otros AINEs, tales como nimesulida, con
una expectativa razonable de que dicha composicién obtuviera los mismos resultados de
reducir efectos secundarios que las composiciones divulgadas en el documento D1.

Como se ha manifestado anteriormente, se reitera que la combinaciéon de los
documentos citados (D1 y D2) no sugiere la combinaciéon de N-acetilcisteina con
nimesulida. Mas adn, ninguno de estos documentos, por separado o en combinacion,
logra anticipar la acciéon significativa de la composicién reivindicada actualmente en el
barrido de los compuesto intermedios metabdlicos amino-nimesulida, los cuales son
toxicos y reactivos y que se generan después de la administracion de la nimesulida, que
se demuestra con los datos experimentales que se adjuntan nuevamente a este recurso
de reposicion. Estos datos experimentales demuestran un resultado inesperado y una
ventaja significativa con respecto a las composiciones farmacéuticas del estado de la

Q
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técnica. El documento D1 no menciona resultados especificos que indiquen una accion de
barrido similar a la que se demuestra actualmente en los datos experimentales que se
anexan. De manera que su Despacho no presenta los argumentos suficientes para
demostrar que la accion de barrido de la presente composicion era esperada a partir de
las ensefianzas del documento D1, sino que dicho documento simplemente se limita a
decir que la administracion combinada de un AINE y un derivado de cisteina reduce los
efectos secundarios, sin especificar como logra esta reduccién y sin mencionar
especificamente la nimesulida. Por este motivo, es evidente que el efecto que se
demuestra es inesperado, que representa una ventaja de la presente invencion con
respecto al estado de la técnica y que no es posible determinar a partir de las ensefanzas
de los documentos D1 y D2, por separado o en combinacion. La persona versada en la
materia nunca se hubiera visto motivada a seleccionar especifica la nimesulida a partir de
las ensefianzas de los documentos citados. Para esto, el técnico experto en el campo
técnico hubiera tenido que consultar otras fuentes bibliograficas, lo que no va acorde al
método problema solucion que el Sefor Examinador debe emplear para determinar si la
invencion cumple o no el requisito de nivel inventivo. Es un hecho que los documentos D1
y D2, por separada o en combinacion, no logran anticipar todas y cada una de las
caracteristicas técnicas de la invencion, ni mucho menos anticipan la accion de barrido
que se ha demostrado para la composicion reivindicada actualmente.

Adicionalmente a lo anterior, vale la pena resaltar que el documento D1 se refiere
a la N-acetilcisteina como un estabilizante de una serie de AINEs entre los cuales no se
incluye la nimesulida. Por otra parte, el documento D2 se refiere al uso de N-acetilcisteina
como estabilizante de formulaciones de diclofenaco inyectable. Sin embargo, este ultimo
documento no presenta referencia alguna relacionada con nimesulida ni con la
combinacion entre N-acetilcisteina y nimesulida para la prevencion y/o reduccion de
IADRs.

De manera que aunque la persona versada en la materia conociera el hecho de
que la nimesulida causa hepatotoxicidad idiosincratica al igual que otros AINEs (lo que no
es evidente como se explicara mas adelante), de ninguna forma se hubiera visto motivada
a combinar las ensefianzas de los documentos D1 y D2 y ademas incluir especificamente
nimesulida de manera obvia para llegar a la presente invencion. Igualmente, no existe
motivacién o sugerencia alguna que indique que al realizar esta combinacion de
informacion fuera posible llegar a una composicion con la actividad de barrido tal y como
la de la presente solicitud. El Examinador estd descociendo que para poder arribar a la
composicion de la presente invencion si hubo actividad inventiva.

“



Adicionalmente se debe resaltar que las objeciones del Sefior Examinador se
encuentran basadas en la clase farmacolégica de los AINEs que deben promover los
eventos adversos idiosincraticos resultantes en la toxicidad del higado, pero aun cuando
diferentes AINEs son hepatoxicos, esto no quiere decir que todos los AINEs activen
reacciones adversas idiosincraticas.

Es ampliamente conocido en el estado de la técnica que los eventos adversos
idiosincraticos se definen generalmente como los eventos toxicos que no se encuentran
estrictamente relacionados con dosis, con una incidencia muy baja (1/10,000 — 100,000),
con un retraso en la aparicion y una patogénesis por medio del sistema inmune.

De hecho, el concepto mas reciente de lesiones inducidas por drogas
idiosincraticas se resume por G. Stirnimann, H. Kessemboh, B. Lauterburg, Figura 1
(Swiss Med Wkly. 2010; 140:w13080, documento adjunto), en donde se define como un
mecanismo de metabolismo de una droga que genera metabolitos reactivos que
interfieren con la homeostasis celular. A menos que la célula se adapte a la perturbacion
metabdlica, el hepatocito muere y se liberan sefiales de peligro.
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La respuesta inmune consecuente incrementa la susceptibilidad de los
hepatocitos a sefales de muerte, resultando en dafio celular adicional. Los metabolitos
reactivos unidos a macromoléculas y posiblemente también componentes celulares
liberados de los hepatocitos danados, pueden también activar una respuesta inmune
adaptativa que puede resultar en dafio celular. Dependiendo la droga involucrada en la
respuesta del hospedero, un paso o el otro puede resultar ser mas relevante para el
resultado.

Las reacciones de drogas idiosincraticas a menudo atacan el higado pero pueden
también afectar otros 6rganos que reflejen respuestas inmunes. La mayoria de los brotes
de piel inducidos por drogas estan mediados por el sistema inmune y la mayoria de las
reacciones de drogas hematoldgicas, tales como la anemia hematologica, la
trombocitopenia, o anemias aplasticas, involucran el sistema inmune. Varias de las drogas
que son responsables de lesiones inducidas por drogas idiosincraticas también se
encuentran asociadas con sindromes autoinmunes, como anemias hemoliticas
autoinmunes, el lupus eritematoso, agranulocitosis, vasculitis o hepatitis autoinmune.

Por consiguiente, la afirmacién del Sefior Examinador de acuerdo con la cual
todos los AINEs causan toxicidad idiosincratica del higado es una suposicion incorrecta,
porque como se divulga en la presente solicitud de patente, la ocurrencia de reacciones
adversas idiosincraticas no depende de la clase farmacolégica del principio activo
utilizado, sino que depende de la estructura quimica del ingrediente activo (en este caso
nimesulida) que tiene una funcion metabdlicamente inestable (toxicoforo), dando lugar a
intermediarios reactivos (iminoquinonas en este caso) que promueven una respuesta
inmune adaptativa y causan dario celular.

Por consiguiente, dichas reacciones adversas idiosincraticas tienen un efecto
diferente dependiendo de la estructura quimica del principio activo usado como droga, lo
que significa que no seria obvio para la persona versada en la materia, en vista de las
ensefianzas de los documentos citados, que una combinacién que comprende N-
acetilcisteina con un agente anti-inflamatorio diferente a nimesulida alcanzaria los efectos
positivos demostrados en la informacién experimental adjunta, en donde una combinacion
de N-acetilcisteina con nimesulida fue utilizada.
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En consecuencia de lo anterior, la invencion de la presente solicitud de patente
tiene nivel inventivo en vista de los documentos D1 y D2 del estado de la técnica citados

por el Examinador.
Conclusién

El documento D1, el documento D2, o su combinacién no resulta anterioridad
valida capaz de afectar la novedad y el nivel inventivo de la invencion de la presente
solicitud.

En consecuencia, el mérito investigativo de la presente invencion ha sido
reconocido por otras oficinas de patentes del mundo. Por ejemplo, la Oficina de Patentes
Europea ha emitido la intencion de concesion de esta solicitud.

A este respecto, deseamos poner de presente que si bien cada pais es autonomo
de conceder o negar una solicitud luego de la realizacién del estudio de fondo, es claro
que el hecho de que la novedad y el nivel inventivo de una invencién hayan sido
reconocidos por varias oficinas a nivel mundial, es un indicio de la patentabilidad de la
misma toda vez que (i) el estudio de novedad y nivel inventivo en todas las Oficinas de
Patentes del mundo es realizado por personas con conocimientos técnicos en el area de
interés que son consideradas personas idoneas para emitir conceptos sobre la
patentabilidad de una invencion y que (ii) los resultados de los examenes de novedad o
de patentabilidad efectuados respecto a solicitudes extranjeras pueden ser reconocidos
como suficientes para acreditar el cumplimiento de las condiciones de patentabilidad de la
invencion, tal como se senala en el articulo 46 de la Decision 486:

“Articulo 46.- La oficina nacional competente podra requerir el informe de expertos
o de organismos cientificos o tecnolégicos que se consideren idoneos, para que emitan
opinién sobre la patentabilidad de la invencion. Asimismo, cuando lo estime conveniente,
podra requerir informes de otras oficinas de propiedad industrial.
De ser necesario, a efectos del examen de patentabilidad y a requerimiento de la oficina
nacional competente, el solicitante proporcionara, en un plazo que no excedera de 3
meses, uno o mas de los siguientes documentos relativos a una o mas de las solicitudes
extranjeras referidas total o parcialmente a la misma invencion que se examina:
a) copia de la solicitud extranjera;
b) copia de los resultados de examenes de novedad o de patentabilidad efectuados
respecto a esa solicitud extranjera;

12
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La oficina nacional competente podra reconocer los resultados de los examenes
referidos en el literal b) como suficientes para acreditar el cumplimiento de las
condiciones de patentabilidad de la invencion” (Negrilla fuera del texto).

Por todo lo anterior, consideramos que la presente solicitud cumple a cabalidad
con los requerimientos de patentabilidad exigidos por la legislacion actual, por lo que
atentamente solicitamos en consideracion lo siguiente:

VIl. PETICION
Por todo lo anterior, solicito a ese Despacho lo siguiente:
Peticién principal:

7.1 Que al considerar las razones precedentes se revoque la decisién contenida en la
Resolucion No. 64610 del 17 de septiembre de 2015, en cuanto resuelve negar el
privilegio de patente de invencion.

7.2. Que se acepte el nuevo pliego reivindicatorio presentado con este escrito,
conformado por 9 reivindicaciones.

7.3. Que se otorgue el privilegio de patente de invencién para “COMPOSICION
FARMACEUTICA QUE COMPRENDE UN MEDICAMENTO QUE CONTIENE POR LO
MENOS UNA FUNCION TOXICOFORA Y N-ACETIL-LCISTEINA” a favor de CROSS SA
AND EURODRUG LABORATORIES B.V..

VIil. NOMBRE Y DIRECCION
El nombre y la direccion del solicitante recurrente son los siguientes:
CROSS SA.
Via F.A. Giorgioli, CH-6864

Arzo,
Suiza

(S
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EURODRUG LABORATORIES B.V.

Laan Copes Van Cattenburch 74, NL-2585 GD,
La Haya,

Paises Bajos

IX. ANEXOS

¢ Formulario de modificaciones en solicitud pendiente

* Recibo por concepto de presentacion de modificaciones a las reivindicaciones por
valor de $ 132.000

¢ Nuevo pliego reivindicatorio conformado por 9 reivindicaciones

¢ Resultados experimentales

G. Stirnimann, H. Kessemboh, B. Lauterburg (Swiss Med Wkly. 2010; 140:w13080)

X. NOTIFICACIONES

Atentamente manifiesto a usted que recibiré notificaciones en la Secretaria de su
Despacho o en mi oficina de abogada situada en la Carrera 42. No. 72-35, piso 4°, de esta
ciudad de Bogota, D.C.

Sefior Superintendente,

. /-“ AN 4 ’)
) @&:-f}’k@/”)(z.@ O 5405
%Z CLEMENCIA DE PAEZ CERE2

C.C. 35.456.344 de Usaqueén
T.P.A. No. 23.555

COLO-20832-0841-0001-3

Z, COL0-20832-0264-0001-1
GCH\GCH\ID-284166\WPC20832
No. M-2015-284166\GCH
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Industria v Comercio
SUPERINTENDENCIA

I

Espacio reservado para el adhesivo de radicacion

DIRECCION DE NUEVAS CREACIONES
MODIFICACIONES Y/O CORRECCIONES

1. Identificacion del Tramite

D Error material IEI Modificacion a una Solicitud en tramite

EI Patente de Invencion
D Patente de Modelo de Utilidad
D Registro de Diserfio Industrial

D Esquema de Trazado de Circuitos Integrados

24 Datos del solicitante

Persona Natural D Persona Juridica

CROSS SA y EURODRUG LABORATORIES B.V.

Nombre o denominacién / Nombre o razon social completa

Nombre representante legal

Tipo de empresa Micro D Pequefia D Mediana D Otra D
Documento de identificacion: DC‘C. D CE: D NIT D Otro Numero
Nacionalidad/Pais de constitucién | Direccién y domicilio del titular Ciudad
Suiza Via F.A. Giorgioli, CH-6864 Arzo, Suiza Arzo
Y Y y
Palses Bajos Laan Copes Van Cattenburch 74, NL-2585 GD, La La Haya
Haya, Paises Bajos
Direccidn electrénica No. Fax Numero telefénico
clientes@cavelier.com 2118650 347 36 11

D Autorizo expresamente a la Superintendencia de Industria y Comercio para que todas las comunicaciones sean enviadas a

través de la direccion de correo electronico

PIOZ-F17 vrl (2012-04-19)
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3 Datos del apoderado:

Apellidos y Nombre

Documento de identificacion

Tarjeta profesional

De Paez Luz Clemencia C.C. 35.456.344 T.P.A. 23.555
Direccion y domicilio Ciudad
Carrera 4* No. 72 -35 ) Bogota
Direcci6n electrénica No. Fax Nimero telefénico
cavelier@cavelier.com 21186 50 347 36 11

En caso de haber presentado poder general para asuntos que se adelanten ante la Delegatura de Propiedad Industrial, sirvase
indicar el nimero de su radicacion o protocolo de poder general

4. Datos del tramite

Correccion:

Expediente No 14.027.709

Aparece

Debe ser

Modificacion:

IE Modificacion al capitulo reivindicatorio.

Presento nuevo capitulo reivindicatorio compuesto por 9
que el examen de patentabilidad sea realizado sobre estas nuevas reivindicaciones presentadas.
Respetuosamente manifiesto que a pesar de eliminar materia del pliego reivindicatorio originalmente
presentado, mi representada no renuncia a la proteccién que pueda obtener sobre dicha materia y
ademas se reserva el derecho de presentar una solicitud divisional que la contenga durante el tramite
de la presente solicitud, beneficiandose de la fecha de prioridad inicialmente reivindicada.

reivindicaciones y pido respetuosamente

5. Anexos

E Comprobante de pago de la tasa para la presentacion de la correccion y/o modificacion por $132.000.

D Poder, si fuere el caso.

@ Documento que contiene las modificaciones o correcciones.

6. Firma

Nombre y apellidos

LUZ CLEMENCIA DE PAEZ

Firma

Jug @bneraadobles

C.C. 35.456.344 DE Usaquén

Tarjeta Profesional 23.555

GCH\GCHINCA\ID-AF284190\WPC20832

PIOZ-F17 vrl (2012-04-19)
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REIVINDICACIONES MODIFICADAS

;8 Una composicion farmacéutica que comprende al menos un medicamento
que contiene al menos una funcion toxicéfora, N-acetil-L-cisteina (NAC), al menos un
agente antioxidante seleccionado del grupo conformado por vitamina E, acido
tioctico, metabisulfito de sodio y una mezcla de los mismos y al menos un excipiente
fisiolégicamente aceptable, en donde dicho medicamento que contiene al menos una

funcion toxicofora es nimesulida.

2 La composicion farmacéutica de acuerdo con cualquiera de las
reivindicaciones anteriores, en donde la N-acetil-L-cisteina esta contenida en una

cantidad de 1 a 10 veces mas alta con respecto al medicamento, en una base molar.

3. La composicion farmacéutica de acuerdo con cualquiera de las
reivindicaciones anteriores, caracterizada porque esta formulada de forma oral o

sublingual.

4, La composicion farmacéeutica de acuerdo con la reivindicacion 3
caracterizada porque esta formulada en forma de comprimido, capsula, grajea, perla,

granulo, solucion, suspension o sobre.

5. La composicion farmacéutica de acuerdo con la reivindicacion 4, en donde
el comprimido es de una sola capa, de multiples capas, un comprimido recubierto,

mini-comprimido o un comprimido de matriz.

6. La composicion farmacéutica de acuerdo con la reivindicacion 5, en donde
el comprimido multicapa es de nucleo recubierto, comprimido bicapa o comprimido
tricapa.

" La composicion farmaceutica de acuerdo con cualquiera de las

reivindicaciones anteriores, caracterizada porque es una liberacion inmediata.

8. Un comprimido multicapa que comprende al menos una capa que contiene:
- N-acetil-L-cisteina,

- al menos un antioxidante seleccionado del grupo conformado por vitamina
E, acido tiéctico, metabisulfito de sodio y una mezcla de los mismos, y

= opcionalmente al menos un excipiente fisiologicamente aceptable;

y al menos una segunda capa que contiene:

A



- nimesulida; y

- al menos un excipiente fisioldgicamente aceptable.

9. El comprimido multicapa de acuerdo con la reivindicacion 8, caracterizado

porque es un comprimido de dos capas o un comprimido de tres capas.

GCH\GCH\ID-424930\WPC20832
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DATOS EXPERIMENTALES
Con el @animo de probar la acciéon de barrido de la N-acetilcisteina de lis intermediarios
metabolicos de amino-nimesulida toxicos/reactivos, se realizdé un estudio clinico en

voluntarios que se encontraban en dptimas condiciones de salud.

1. Disefio del estudio:

* Aleatorios, de etiqueta abierta, balanceado, de dos tratamientos, dos periodos, dos
secuencias, cruzados, un estudio de metabolismo de dosis multiple oral de
nimesulida (NIDOL) 100 mg IR tabletas y combinacién de capsulas de 200 mg de
N-acetilcisteina (Fluimicil) vs tabletas de 100 mg de nimesulida (NIDOL) solo en
voluntarios saludables, hombres en ayunas.

* Durante cada uno de los 2 periodos de estudio; la administracion se realizé dos
veces al dia durante 8 dias consecutivos.

2. Prueba del producto:

e Una tableta de 100 mg de Nidol mas una capsula de NAC de 200 mg en ayunas y
a las 12 horas, es decir, en la noche antes de la comida, fueron administradas a
diario con 240 ml de agua en ayunas.

e En el octavo dia una tableta de Nidol de 100 mg mas una capsula de NAC de 200
mg fue administrada con 240 ml de agua en ayunas.

3. Producto de referencia:

e Una tableta de 100 mg de Nidol en ayunas y a las 12 horas, es decir, en la noche
antes de la comida, fueron administradas a diario con 240 ml de agua en ayunas.

* En el octavo dia una tableta de Nidol de 100 mg fue administrada con 240 ml de
agua en ayunas.

4. Estudio variable principal:

e La comparacion de las cantidades realtivas de amino-nimesulida y aductos de
amino-hidroxi-nimesulida urinario N-acetilcisteina después de 7 dias de
administracion de 100 mg de nimesulida sola (Tratamiento de referencia) o junto a
200 mg de N-acetilcisteina (Tratamiento prueba).



5. Resumen de los resultados:

2

En cada periodo de estudio, a 6 voluntarios se les administré segun el protocolo,

mientras eran recolectadas muestras de orina: el primer dia, una hora antes de la

dosis, el octavo dia a 0-3, 3-8, 6-12 horas después de la Ultima administracién. Las

muestras de orina eran congeladas a -70°C para analisis.

Las concentraciones de aductos de amino-nimesulida y amino-hidroxi-nimesulida-

NAC en las muestras de orina fueron determinadas por LC/MS-MS.

Los datos analiticos obtenidos

para aductos animo-hidroxi-nimesulida-N-

acetilcisteina y amino-nimesulida urinario fueron resumidos en la Tabla 1 y 3,

respectivamente. Los datos se refieren a la cantidad total de 2 aductos medidos en

diferentes fracciones de orina en el estado estable (Xu dia 8, T) 12 horas por

administracion de la combinacion de nimesulida-NAC o nimesulida sola.

Tabla 1. Aducto de amino-nimesulida NAC, el total de la eliminacién urinaria Xu (como ng) se mide en el dia 8 (estado de

equilibrio) después de la ultima administracién de la combinacién NAC/nimesulida (Prueba de 100/200 mg dos veces, por via

Urine Test

fraction s1
0-3 68094.0
36 284524.8
6-12 169850.4
0-12 5224692
Reference

S1
0-3 49101.6
3-6 233746.5
6-12 3066158
0-12 5894639

oral), o de Nimesulida sola (Referencia, 100 mg dos veces, por via oral)

Subject No

S2 S3 84
1238650 174409.0  228067.2
968924 2756742 3125304
4840952 §61255.8 5944510
704852.6  1011339.0 1135048.6

§2 83 S4
57402.8 925248 2136884
1999319.6 906594  195282.0
389546.0 1844900 2689519
64639884 3676742 6779223

S5
66508.0
2321316
847200.9
1145840.5

S5
101565.9
209573.1
665460.0
F76599.0

S6
137491.2
1572384
551565.0
§46294.6

56
2841304
408013.2
534430.4

1226574.0

TS1-6 Test
798434.4
1358991.8
32084183
5365844.5

¥51-6 Rel
798413.9
13372138
23494941
44851218

Descriptive statistics

Mean
133072.4
226498.6
534736.4
894307.4

Mean

133068.9
222868.9
391582.4
747520.3

Median

130678.1
253902.9
5564104
928816.8

Median
97045.4
204756.4
348080.9
662405.4

sD
62434.0
834425
218125.5
249553.1

SD
94584.6
103285.7
1792002
3053539

Cv
46.92
36.84
40.79
27.90

cv
71.08
46.34
45.76
40.85

Tabla 2. Amino-nimesulida NAC aducto, relacién de la eliminacién urinaria total Xu (como ng) se mide en el dia 8
(estado de equilibrio) entre la combinacién NAC/nimesulida (Prueba de 100/200 mg dos veces, por via oral), o de
Nimesulida sola (Referencia, 100 mg dos veces, por via oral)

0-3
3-6
6-12
0-12

1.387
1217
0.554
0.886

2158
0.485
1243
1.090

1.885
3.041
3.042
2,751

1.067
1.600
2.210
1.674

0.655
1.108
1273
1.173

Xu Test/Ref ratio in 0-3, 3-6 and 6-12 h urine fractions

0.484
0.385
1.032
0.690

Mean Median
1.000 1.347
1.016 1.240
1366 1.599
1.196 1.402

Tabla 3. Amino-nimesulida NAC aducto, el total de la eliminacion urinaria Xu (como ng) se mide en el dia 8 (estado
de equilibrio) después de la (iltima administracion de la combinacién NAC/nimesulida (Prueba de 100/200 mg dos
veces, por via oral), o de Nimesulida sola (Referencia, 100 mg dos veces, por via oral)

Urine
fraction
0-3
36
612
0-12

03
36
6-12
0-12

Test Subject No
s1 53 84
226908 $522.5 5625.3 8764.3
183840 Ti6d44 9296.2 9931.3
164914 143582 14525 4 15574.0
57568.2 30245.1 298474 3427010
Reference
s1 53 54
16199.1  5468.4 36544 11895.6
111657 11110.0 4531.2 6737.4
221806 25049.6 4810.0 10614.8
496454 416280 129956 29247.80

85

5938.4
1Z601.0
192647
38004.1

S5

R626.5

82071
20380.5
IT214.1

S6  YS1-6 Test
63216 578639
96768 674557

164100 970257
324084 2223453

S6  YS1-6Ref
99382 557822
99152 516766

102368 933723
301002  20083L10

Descriptive statistics

Mean Median SD
964198 74221 65294
1124262 9805.1  3909.6
1617095 159920 17278
3705755 33303 104819

Mean Median SD
92970 92824 45111
$612.8 90662  2633.8
15562.1 15497.7  B0B4.T
3347185 336572 12574.6

cv
0.68
0.35
LR]
028

cy
049
0.31
052
033

Xu/h
19287.9
12485.2
16171.0

18528.78

Xu/h
18594,1
17225.5
15561.0

1673593

Xu/h
266144 8
4529973
534736.4
447153.7

Xu/h
2661379
4457379
3915824
373760.2



Tabla 4. Amino-nimesulida NAC aducto, relacién de la eliminacién urinaria total Xu (como ng) se mide en el dia 8
(estado de equilibrio) entre la combinacion NAC/nimesulida (Prueba de 100/200 mg dos veces, por via oral), o de
Nimesulida sola (Referencia, 100 mg dos veces, por via oral)

Xu Test/Ref ratio in 0-3, 3-6 and 6-12 h urine fractions Mean
0-3 1.401 1.558 1.539 0.737 0.688 0.636 1.037
3-6 1.646 0.663 2.052 1474 1.560 0975 1.305
6-12 0.740 0.573 3.103 1.467 0.945 1.603 1.039
0-12 1.160 0.727 2.297 1L.172 1.021 1.077 1.107

Con los datos obtenidos es posible observar para el aducto amino-nimesulida NAC
(Tablas 1y 2) es evidente como la cantidad del aduto en mayor en | grupo de prueba (5
de 6 sujetos) que en el grupo de referencia, mientras que este aumento representa
alrededor del 20% (1.196) de la eliminacion total de la orina, es mayor 1.366 (+37%) para
la fraccion de 6-12 horas. Se encuentran mas diferencias relevantes cuando se tiene en
cuenta los valores de la media (+ 40 y +60% en las fracciones de 0-12 o 6-12 horas,
respectivamente).

Es importante resaltar las cantidades relativamente altas de este aducto urinario
recuperado tras el tratamiento de Nimesulida/NAC y el rango de 522 a 1145 pg/ 12 horas
(447.2 pglimg).

Otro resultado inesperado que la diferencia principal entre el tratamiento de prueba y el de
referencia fue medida en la recoleccion de orina de 6-12 horas, menos en la fraccion de 3-
6 horas y no en la fraccion de 0-3 horas. Una posible interpretacion puede ser que la
utlima recoleccién fue después de almuerzo (4 horas después de la dosis) cuando el
estrés del higado es mayor.

Para el aducto de amino-hidroxi nimesulida NAC (Tablas 3 y 4) la recuperacion de orina
es mucho menor que la del derivado no hidroxilado, es decir 57 a 380 pg/ 12 horas
después del tratamiento de la combinacion de nimesulida/NAC.

Aunque su formacion parece ligeramente superior (+11%) después del tratamiento con la
combinacién nimesulida/NAC, debido a la pequena diferencia y a la alta variabilidad de los
datos, no es posible extraer conclusiones definitivas.

En conclusion, los resultados demuestran que en sujetos sanos sometidos al tratamiento
de nimesulida, la accién de eliminacién del coadministrado NAC es capaz de reaccionar
con intermediarios téxicos metabdlicos de nimesulida. Estos intermediarios forman
principalmente aductos con el glutation, mientras que, probablemente, debido a la
disminucion de la piscina GSH después del tratamiento de nimesulida prolongado y/o
después del almuerzo cuando el trabajo del higado es maximo, los que huyen del control
GSH directamente forman aductos con NAC cuando se da en combinacién con
nimesulida.

La suplementacion del tratamiento de nimesulida con NAC parece relevante en la
reduccion de la cantidad de intermediarios metabélicos toxicos cuando se debe a una
serie de malas condiciones fisiolégicas donde las reservas de glutation se estan
agotando.
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Figura 1. Formacion de aductos de amino-nimesulida y amino-hidroxi-nimesulida N-
acetilcisteina de acuerdo con las vias metabdlicas de la nimesulida. RSH puede ser GSh
enddégeno o NAC suplementado.
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Summary

Although severe idiosyncratic drug—induced liver injury
(DILI) is a rarc event, it has a large impact on the fate of af-
fected patients and the incriminated drug. Hepatic metabol-
ism of drugs, which oceurs in the generation of chemically
reactive metabolites in critical amounts, seems to underlie
most instances of DILL Genetic polymorphisms in activat-
ing and detoxifying enzymes determing, in part, the extent
of cellular stress. A cascade of events, where the pathogen-
etic relevance of single steps is likely to vary [fom drug
to drug, leads to the disturbance of cellular homeostasis, to
mitochondrial dvsfunction, to the activation of cell death
promoting pathways and the release of drug-modified mac-
romolecules and/or danger signals that initiate an innate
and/or adaptive immune response. The patient’s response
to the initial drug-induced cellular dvsfunction determines
whether adaptation to the drug-induced cellular stress or
DILI in one of its many forms ol clinical presentation oc-
curs, Although risk factors for developing DILI have been
identified and many pathogenelic mechanisms have been
elucidated in model systems, idiosyneratic drug reactions
remain unpredictable.

Key words: drug-induced liver injury; paracetamol;
glutathione: danger-associated molecular pattern; innate
immune response; adaptive immune response

Introduction

Our predictors may be good ar predicting the ordinary, but
not the irregular, and this is where they ultimarely fail (N.
N. Taleb, The Black Swan).

Severe drug—induced liver injury (DILI) leading to liv-
er failure, transplantation or death is a rare event, and is —
with few exceptions — unpredictable and poorly understood
regarding its pathogenesis. Nevertheless, it represents an
important health problem: Although the incidence of idio-
syneratic DILI with approved drugs in therapeutic doses is

relatively low and estimated at | per 10 000 to 1 per 100
(000 treated patients, every seventh case of acute hepatic
failure is due to an adverse drug reaction and DILI has be-
come the leading cause for super-urgent liver transplanta-
tion [1=3]. It is also the most common adverse event that
halts the development of a new drug or lcads to the with-
drawal of approved drugs from the market. Due to the low
incidence of DILI, a drug’s hepatotoxic potential is usually
not recognised during pre-marketing trials and only mani-
fests itself after the drug has been marketed and used by
many more patients than are included in clinical trials [4,
3]. Over 1000 drugs and herbal products have been associ-
ated with idiosyneratic hepatotoxicity [6. 7].

Idiosyncrasy refers to inter-individual differences in the
response to stimuli due to genetic and environmental
factors. Not all treated patients respond to a particular drug
and only a fraction develops severe adverse cffects, “Idi-
osyncratic’ does not imply dose independent nor does it
necessarily mean rare, but rather it indicates a reaction
that may not be seen regularly. Nevertheless, it is a rare
event in clinical practice because drugs causing idiosyn-
cratic DILI with an incidence high enough to be detected
during clinical development usually do not make it to the
market. Whereas traditional pharmacological and toxicolo-
gical concepts focus on dosing and effects in the average
patient, one has to concentrate on unusual patterns of drug
handling and response. i.c.. the statistical outliers. if one in-
tends to better understand, prevent and treat idiosyncratic
drug reactions.

Clinical presentation and diagnosis

The clinical presentation of DILI may vary substantially. [t
can mimic other known forms of acute and chronic liver
discases and the severity may range from asymptomatic el-
evations of hepatic enzymes to fulminant hepatic failure.
Somewhat arbitrary, the liver injury is classified as hep-
atocellular, mixed or cholestatic depending on the ratio
of alanine aminotransferase to alkaline phosphatase [8].
These biomarkers indicate liver injury but are not specific
for drug-induced injury which often remains a diagnosis
based on the exclusion of other known causes of acute or
chronic liver discases. Histology is generally not helpful
in regard to possible drug aetiology but may help exclude
other suspected diagnoses. To diagnose DILI with any de-
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gree of certainty can be difficult and must take into account
factors such as the temporal relationship between drug ex-
posure and clinical events, more or less characteristic pat-
terns of clinical presentation of injury related to specific
drugs, and efTects of de-challenge and — often inadvertent —
re-challenge. Considering that many drugs can present with
different patterns of injury in different individuals further
complicates the diagnostic process. For example. in a re-
cent report of 102 cases with amoxicillin/clavulanic acid
associated liver injury that is generally thought to present
as cholostatic hepatitis, a third presented with acute hepato-
celluar injury, another third were mixed and the remaining
third with cholestatic injury [9]. Algorithms have been de-
veloped to help in causality assessments, for example the
Roussel Uclaf Causality Assessment Model [10], but they
are by no means perfect and are rather complicated to use
in practice, so that

experl opinion remains the gold standard [11]. An im-
proved causality assessment method based on a prospective
registry is being developed by a group of experts participat-
ing in the multicentre Drug-Induced Liver Injury Network
[12].

Specific diagnostic tests for DILI have been proposed
for selected drugs but are not generally applicable, nor
are they generally available. The detection of circulating
drug-protein adducts can be of assistance in the diagnosis
of paracetamol hepatotoxicity, but may also be present in
healthy subjects taking paracctamol [13]. Antibodics
against drug-protein adducts or drug-metabolising enzymes
can be found in patients with liver injury due to some
drugs, such as diclofenac. tienilic acid. dihydralazine and
halothane, but their diagnostic value is not established, A
lymphocyte transformation test. where the patient’s lymph-
ocytes are cultured in the presence of the drug suspected to
have caused the adverse reaction, may help establish caus-
ality in some cases of DILL. Whether metabolomics. pro-
teomics. genomics or transeriptomics will eventually be of
assistance in the diagnosis ol DILI remains to be demon-
strated,

About 10% of the patients with severe DILI associated
with jaundice will cither die or need liver transplantation
[14]. When a patient has survived an episode of severe
DILL clinically relevant liver discase rarely ensues.
However, especially cholestatic/mixed tvpe of liver njury
can lake a protracted course [15]. Approximately 1%,
mainly paticnts who initially presented with hepatocellular
type of DILL. will go on to develop cryptogenic cirrhosis.
The risk of evolving 10 chronic liver disease appears to
be higher in patients who were treated for a longer time
with the incriminated drug. Continuing treatment with a
drug that has begun to cause liver injury may increase the
risk of not only developing more severe acute damage but
also chronic injury [16, 17]. About a fifth of the patients
who present with chronic liver disease after an episode of
DILI have a bona fide auto-immune hepatitis [15]. Caus-
ality is difficult to cstablish, particularly since cryptogenic
cirrhosis and auto-immune hepatitis are not rare entities. It
may be that liver injury due to a drug increases the suscept-
ibility to subsequently develop auto-immune hepatitis and
cirrhosis, respectively.
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Risk factors

An idiosyncratic drug reaction does not imply that it occurs
independent of dose. At first glance. it may appear so
because these drug reactions usually occur with recom-
mended therapeutic and not with excessively high doses.
Nevertheless. the risk of DILI is, in part. determined by the
amount of the administered drug (i.c.. the daily dose). Data
from Sweden and the United States show that regardless of
the drug taken, three quarters of cases of DILI follow ex-
posure to drugs with recommended daily doses of 50 mg
or more and only 9% of the cases occur with drugs at daily
doses of less than 10 mg [14. 18]. Of 111 liver transplanta-
tions performed for hepatic failure due to an oral prescrip-
tion drug other than paracetamol, 101 were done in patients
who took a drug at a dose of =50 mg. 8 in patients with
drugs at doses of 11-49 mg, and only 2 in patients with
drugs that were taken at a daily dose of <10 mg [19]. Not
only the daily dose but also the extent of hepatic metabol-
ism is an important determinant of the risk of liver injury.
Of the 200 most frequently prescribed drugs, the ones with
>30% hepatic metabolism resulted more frequently in el-
evations of transaminases 1o more than three times the up-
per limit of normal and liver failure than drugs with little
or no hepatic metabolism [20]. These observations support
the hypothesis that most cases of severe DILI are due to
the formation of reactive metabolites and that only limited
and thus generally non-toxic amounts of rcactive metabol-
ites can be formed from a drug that is taken at daily doses
of 10 mg or less [21].

Whether increasing age and female gender confers an
increased risk for the development of DILI is controversial.
Recent, prospectively collected data from Spain indicates
that the incidence of DILI is not higher in females and does
not increase with increasing age. However. cholestatic in-

Jjury may occur more frequently in men over 60 and hepato-

cellular injury may occur more frequently in younger wo-
men [9]. Several reports have indicated an increased risk
for isoniazid-associated liver injury in patients above the
age of 60 (for review see Tostmann et al. [22]). Age was
not a risk factor in other case series and in a recent pro-
spective study, including 70 patients with acute liver fail-
ure associated with antituberculous therapy, the median age
was 27 with 70% of the patients under the age of 35 [23].
The risk, il any. conferred by age does certainly not pre-
clude an indicated drug therapy. Patients with chronic liv-
er diseases are generally not at a higher risk of developing
drug-induced injury. with the possible exception of patients
with viral hepatitis who may be more susceptible to anti-
tuberculous and anti-retroviral drugs [24. 25]. Although pa-
tients with chronic liver disease may have impaired de-
fence mechanisms, such as low intrahepatic concentrations
of glutathione or low activity of superoxide dismutase, they
may on the other hand be protected because the activity
of enzymes generating potentially toxic metabolites is de-
creased. Patients with cirrhosis and a compromised func-
tional reserve may, however, have a poorer outcome should
they develop DILI because their livers do not tolerate the
further loss in function associated with an episode of DILI.
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Mechanistic hypotheses

Mechanistic hypotheses are difficult to test without repro-
ducible animal models, Unfortunately, animal models for
idiosyncratic liver injury are scarce because these reactions
are idiosyncratic in animals as well. Some investigators
have used animals which are made more susceptible to
drug-induced injury by cither introducing an underlying in-
flammatory response or by removing protective genes. res-
ulting for example in a decreased activity of superoxide
dismutase [26-28]. The clinical relevance of these models
is not established and it is not known whether they may re-
liably predict the risk of a newly developed drug for idio-
syncratic liver injury or help establish rational therapeutic
interventions once drug injury has occurred.

This is different for the best, by far, studied model
of paracetamol hepatotoxicity, which is clearly. however,
not an idiosyncratic reaction. Based on this model. a good
understanding exists of how a cascade ol events initiated
bv a reactive metabolite of a drug can result in the death
of a hepatocyte. Some of the events that are relevant in
paracetamal toxicity have also been demonstrated in in
vitro systems with drugs causing idiosyncratic hepatotox-
icity. suggesting that lessons learned from paracetamol may
help our understanding of idiosyneratic drug reactions.

Paracetamol hepatotoxicity

Paracetamol is a common cause of acute hepatic failure
but differs from most other drugs resulting in DIL] in that
its hepatotoxicity is dose related and reproducible in an-
imals. In the early 1970s, Jerry Mitchell and collaborat-
ors showed that the toxicity of paracetamol is due to meta-
bolic activation of the drug to a toxic metabolite that is
preferentially conjugated with glutathione, a process many-
fold accelerated by the activity of glutathione transferase
[29]. Once glutathione is depleted, the toxic metabolite, N-
acetyl-p-benzoquinone imine, binds to other nucleophilic
groups in the cell. Cell death ensues, especially in zone 111
hepatocytes around the central vein, but also in non-liver

Figure 1

Model of paracetamol hepatotoxicity. Paracetamel impairs
mitochondrial function via formation of a reactive metabalite and
depletion of glutathione. The resulting oxidant stress activates a
redox-sensilive kinase (ASK1) and subsequently a cell-death
promoting kinase (JNK). The latter translocates to mitochondria and
promotes the mitochondrial permeability transition (MPT). The
damaged hepatocytes release danger signals (danger associated
molecular pattern, DAMP) which via their interaction with the
endosome and inflammasome generate an innate immune
response by non-parenchymal cells.
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cells able to activate the parent compound, such as renal tu-
bular cells. The central role of activation by cyvtochrome-
P450 (CYP450) and detoxification by glutathione is clearly
demonstrated by the protection against hepatotoxicity
which can be attained by inhibition of CYP450 activity
and by replenishing glutathione stores. Indeed, paracetamol
toxicity is a prime example of a clinical problem that was
elucidated

in animal models and, once solved, suceessfully changed
clinical practice with a rational therapeutic intervention.
Today. supplementation of precursor amino acids for gluta-
thione synthesis, most commonly N-acetyl-cysteine, is
standard therapy for all patients suspected of a paracetamol
overdose [30]. The critical role of glutathione may explain
why patients with decreased glutathione stores prior to
paracetamol exposurc may be at increased risk of develop-
ing hepatic injury. Two such groups are aleoholics and mal-
nourished patients who have lower reserves of glutathione
[31]. Patients consuming excessive amounts of ethanol and
consequently induced CYP2EL, the cytochrome mainly re-
sponsible for the activation of paracetamol. may develop
severe toxicity from paracctamol following doses that are
considered safe [32].

Depletion of glutathione and covalent binding to liver
proteins per se is not suflicient to lead to cell death. A re-
gioisomer of paracetamol, 3'-hydroxyacetanilide (AMAP),
depletes hepatic glutathione and binds to proteins to the
same extent as paracetamol but does not result in toxicity.
One key difference between the two compounds is that
AMAP spares mitochondria whereas paracetamol also de-
pletes mitochondrial glutathione [33]. Mitochondrial gluta-
thione has to be transported from the cytosol into mito-
chondria which themselves do not synthesise the tripeptide
[34]. Interestingly, alcohol preferentially depletes mito-
chondrial glutathione which may be relevant for the in-
creased susceplibility of alcoholics to low doses of
paracetamol. Depletion of mitochondrial glutathione and
the resulting oxidant stress is followed by redox-sensitive
activation of c-jun-N-terminal kinases (JNK) [35] leading
to the opening of the mitochondrial permeability transition
pore (fig. 1). Inhibition of JNK or the silencing of INK in
vivo protects against the toxieity ol paracetamol without in-
terfering with its metabolism and the depletion of gluta-
thione, indicating that metabolic activation and depletion of
glutathione is a prerequisile to trigger a host response lead-
ing to cell death but is not lethal itself [36, 37].

Liver injury by paracetamol is accompaniced by an in-
nate immunc response as shown by the up-regulation of the
inflammatory cytokine interleukin-1p [38]. Free DNA re-
leased [rom dying hepatoeytes engages toll-like receptor 9
(TLR9) in liver sinusoidal endothelial cells and possibly
Kupffer cells, leading to the NF-xB-dependent production
of cytokine precursors [39]. Concurrent activation of the
NALP3 inflammasome (a multiprotein complex respons-
ible for activating caspases), possibly triggered by ATP
or uric acid released from necrotic hepatocytes, leads to
the activation of caspase-1 which proteolytically cleaves
pro-IL-1p and pro-IL-18 into their active forms. Knock-
out mice lacking elements of the inflammasome pathway
(caspase-1. NALP3) and animals treated with inhibitors of
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TLR9 or interleukins are protected against paracetamol in-

jury in vive,

Taken together, the available data indicate that
paracetamol by its metabolism to a reactive metabolite res-
ults in covalent binding and depletion of glutathione. This
sensitises mitochondria to JNK-induced mitochondrial per-
meability transition that leads to cell death, which in turn
promotes immune activation by generating a danger-asso-
cialed molecular pattern (DAMP) that stimulates cytokine
production in neighbouring sinusoidal endothelial cells via
TLRY and the NALP3 inflammasome. The relevance of the
sequence of events is supported by successful therapeutic
interventions at different steps in vivo. Paracetamol hepato-
loxicity can be prevented in intact animals (and also in hu-
mans in part) by inhibiting the activation of paracetamol to
a reactive metabolite by CYP450, by stimulating the form-
ation of detoxifving glutathione, by interfering with the
JNK pathway and finally by preventing immune activation
(i.e., the host response to hepatocyie injury). Whether the
described mechanisms are unique to paracetamol or wheth-
er they provide a model for other idiosyncratic drug reac-
tions remains to be demonstrated. Some elements of the
cascade ol events resulting in paraccetamol-induced hepat-
ic failure have also been demonstrated with drugs involved
in DILI in model systems, suggesting that similar mechan-
isms may, in part. be involved in idiosyneratic DILL

Central role of mitochondria

Mitochondrial dysfunction, which is a key clement in
paracetamol toxicity. may also play a role in liver injury
from other drugs that increase the formation of reactive
oxygen species in mitochondria and may sensitise mito-
chondria to stress kinases [40. 41]. The presence of mi-
crovesicular steatosis in liver biopsies of some patients
with suspected DILI suggests that mitochondrial dysfunc-
tion is an early cvent in these cases. Many drugs that are
associated with idiosyncratic DILI in humans affect mi-
tochondrial function, deplete cellular ATP or induce mi-
tochondrial permeahilisation in model systems, including
diclofenac, troglitazone. nimesulide, mefenamie acid. ami-
odarone, benzbromarone, trovalloxacin, lamivudine, val-
proic acid and tolcapone (for references see [41]).
Assuming that injury to mitochondria is pivotal in pre-
cipitating DILI is an attractive hypothesis. As exemplified
by paracetamol, injury to mitochondria can mediate cell
death by the release of death proteins. such as cytochrome
c¢. endonuclease G, and Smac/Diablo, which in turn will
translocate to the nucleus or activate a cascade of proteases
leading to apoptosis or necrosis, Drug-induced oxidative
stress can lead to the activation of cell-death activating
pathways without depletion of glutathione. Furthermore.
progressive mitochondrial damage that does not manifest
itself until a threshold is reached where the death program
is set in motion could explain the delayed onsct typically
seen in DILL The mitochondrial DNA (mtDNA) which
encodes for several subunits of the electron transfer com-
plexes is more susceptible 1o oxidative damage than nucle-
ar DNA because mtDNA is close to the site of generation
of reactive oxygen species, it lacks protective histones, the
repair system is not efficient and there are few non-cod-
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ing sequences. Thus, a cell may accumulate an increasing
number of mitochondria with an increasing extent of DNA
damage until the cumulative damage triggers the death of
the cell. Progressive mitochondrial dysfunction resulting
in hepatic failure occurs with nucleoside analogues used
in the treatment of viral infections that are incorporated
into mDNA instead of physiologic nucleosides [42]. Since
humans accumulate damaged mtDNA as they age, this
might provide an explanation for an increased susceptib-
ility of older patients to some drugs causing liver injury.
In addition to acquired damage 1o mtDNA. inherited muta-
tions therein could increase the susceptibility to drug in-
Jury. There are case reports suggesting that pre-existing mi-
tochondrial impairment and certain polymorphisms in the
mitochondrial DNA polymerase gamma gene increase the
risk 1o valproic acid associated liver failure [43].

Animal models for DILI have been developed based on
an impaired defence against mitochondrial oxidative stress.
Troglitazone is not toxic in normal animals. However. in
mice deficient in superoxide dismutase (SOD2") whose
mitochondrial antioxidant defence is impaired. it results in
an increase in serum transaminases afler four weeks ol ex-
posure [27]. This time course mimics the clinical course of
hepatotoxicity of troglitazone which has been withdrawn
from the market because of this adverse effect.

Adaptation

The phenomenon of adaptation was first observed in the
1970s in large trials with isoniazid (INH). It was noted that
20=30% of the people treated with INH for prophylaxis
of tuberculosis showed moderate elevations of transam-
inases that subsequently normalised in spite of continuing
the drug [44]. Only a small portion of the patients went
on to develop severe liver injury. Thus, most people are
seemingly able to adapt to the damaging effects of the
drug. Transient elevations of transaminases are also seen
with troglitazone [15]. tacrine [46] and ximelagatran [47].
The mechanisms of adaptation are poorly understood. They
may involve up- and down-regulation of transporters [48,
49] and drug metabolising enzymes [50], induction of mi-
tochondrial biogenesis, development of immune tolerance
[51] and finally regencration.

Genetic associations

Genetic differences in the activation of a drug to a toxic
intermediate and its detoxification could explain inter-in-
dividual differences in susceptibility and thus the idiosyn-
cratic nature of DILL The search for relevant genetic
factors, however, is hampered by the low number of index
cases. So far, most investigations have focussed on known
genes that are involved in drug disposition. in oxidative
stress, or in the immune response. Only recently has an un-
biased approach been possible by performing genome-wide
association studies [52].

Isoniazid leads to a moderate increase in transaminases
in about 20% of the patients, most of whom are able to ad-
apt and normalise their liver enzyme despite continuation
of the drug. About 3% of the patients, however, progress
to more severe liver injury. Metabolites of INH, acetvlhv-
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drazine and hydrazine. are thought to be responsible for the
liver injury that can be reproduced to some extent in ex-
perimental animals. The exposure 10 these two metabolites
following the administration of INH depends on the activ-
ity of N-acetyltransferase (NAT-2) [33, 54] which is one
of the first drug-metabolising enzymes for which a poly-
morphism was recognised. Several studics have shown that
the risk of developing liver injury from INH is increased in
slow acetylators [53], particularly if INH is taken togeth-
er with rifampicin which is a potent inducer of cytochrome
P-450 enzymes and might thus increase the formation of
toxic metabolites [56. 57]. Alcoholic patients appear to be
more susceptible to INH hepatotoxicity. Ethanol induces
the eytochrome P450 isoenzyme. CYP2E1, which is also
responsible for the activation of acetylhydrazine 1o toxic
metabolites. Taiwanese patients with wild type CYP2E]
had a higher risk of INH hepatotoxicity than paticnts car-
rying the CYP2EI*5 allele [58]: a finding that could not,
however, be confirmed in Korean patients [59].

Diclofenac, like other non-steroidal anti-inflammatory
drugs. can result in DILI and has been studied extensively
in regard 1o possible mechanisms. Diclofenac is metabol-
ised by CYP2C9 and also undergoes glucuronidation by
uridine diphosphate glucuronosyliransferase, generating a
reactive acyl glucuronide. The Tatter is exported from hep-
atocytes by the ATP-dependent drug transporter MRP2, Pa-
tients with variant alleles resulting in a lower CYP2C9
activity would be expected to shunt more diclofenac
through the glucuronidation pathway. Patients with variant
alleles resulting in a higher glucuronidation activity would
be expected to generate more of the toxic metabolite and
patients with a lower activity of the exporting pump would
be expected to be exposed to higher concentrations of the
toxic metabolite. In a group of 24 patients with diclofenac
associated liver injury, there was no difference in the pre-
valence of functionally relevant CYP2C9 alleles compared
to patients tolerating diclofenac, but there was indeed a
higher prevalence of the UGT2B7*2 alleles conferring a
higher glucuronidation activity and of a mutation in
ABCC2 that may result in lower transport activity of MRP2
[60]. The ABCC2 genotype may play a role in the suscept-
ibility to DILI from a variety of other drugs. as well as
herbal medicines [61]. Glutathione transferase (GST) plays
arole in the detoxification of some reactive metabolites of
drugs. In a cohort of 154 patients with DILI from various
drugs. carriers of double GSTTI-MI null genotvpes res-
ulting in lower GST activity had a 2.7-fold increased risk
of developing DILI compared with non-carriers [62]. The
GSTMI null genotype may also increase the risk for anti-
tuberculosis drug-induced hepatotoxicity [63]. Mutations
in superoxide dismutase (MnSOD) may increase the sus-
ceptibility to DILI by various drugs [63]. Polymorphisms
in activating and detoxifying enzymes may thus explain, al-
beit to a small extent, the susceptibility to DILL

Genctic differences. in regard to the reaction to injury,
may be a risk factor for developing DILL The genotypes
of [L-10 and 1L-4 exhibit a different distribution in patients
experiencing diclofenac hepatotoxicity compared to pa-
tients not reacting to diclofenac [64]. Animal models sug-
gest that an inflammatory response and in particular antiin-
flammatory cytokines play an important role in determin-

e,
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ing the extent of the toxicity of model compounds [65]. The
HLA genotype may also be a risk factor for liver injury by
certain drugs. such as diclofenac, ximelagatran and amox-
icillin/clavulanic acid [66—68]. The HLA-B*5701 allele in-
creases the risk for flucloxacillin associated cholestasis hy
a factor of 80 [32]. The prevalence of this allele in the
population is approximately 5%. Therefore, unlike the case
of abacavir hypersensitivity where genotyping may prevent
toxicity [69]. the value of HLA penotyping is likely to
be low for predicting flucloxacillin cholostasis. Neverthe-
less. the observations indicate that genetic factors associ-
ated with the inflammatory response to injury and antigen
presentation may play a role in idiosyncratic drug reac-
tions.

The role of the immune response

Considering the prevalence of known polymorphisms in
bioactivation pathways, detoxification reactions and trans-
port processes and their potential effects on the exposure
to toxic metabolites, it is difficult to explain the idiosyn-
cratic nature of drug-induced hepatotoxicity: a higher in-
cidence, a more homogenous presentation and a betier pre-
dictability of DILI would be expected. The repertoire of
immunological responses is more variable than the range of
phenotypic manifestations of genetic differences in activ-
ating and detoxifving systems, suggesting that the immune
system plays an important role in DILI (fig. 2). Since each
individual shows a somewhat different response to an im-
munogen depending on what epitopes are recognised and
what mix of eflector cells are involved in the immune re-
sponse, the immune system could provide a plausible ex-
planation for the variable and rare presentation of idiosyn-
cratic DILI.

Idiosyncratic drug reactions often target the liver but
may also affect other organs. where they arc. in most in-

Figure 2

The concept of idiosyncratic DILI. Drug metabolism generates
chemically reactive metabaolites that interfare with cellular
homeostasis. Unless the cell adapts to the metabalic disturbance,
the hepatocyte dies and danger signals are released. The ensuing
innate immune response increases the susceptibility of hepatocytes
to death signals resulting in additional cell damage. Reactive
metabolites bound to macromolecules, and possibly also cellular
components released from damaged hepatocytes, can also elicit an
adaptive immune response that may result in cell damage. The
interplay between the innate immune system activated by the
danger signals and the adaptive immune system may be an
important factor in determining whether tolerance or symptomatic
DILI ensues. Depending on the drug involved and the host
response, one step or the other step may be more relevant for the
outcome.
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stances, considered to reflect an immune response, The ma-
jority of drug-induced skin rashes is immune mediated [70]
and most hacmatological drug reactions, such as haemo-
Iytic anaemia. thrombocytopenia or aplastic anemias, in-
volve the immune system. Cases of DILI presenting with
concomitant rash, fever and/or eosinophilia are likely to be
immune mediated. Many of the drugs responsible for idio-
syneratic DILI are also associated with autoimmune syn-
dromes like autoimmune haemolytic anemias, lupus ervth-
ematodes, agranulocytosis, vasculitis or autoimmune hep-
atitis (for a list of compounds see [71]). Minocycline may
serve as an example: like other tetracyclines it causes dose-
dependent liver injury following large doses. With thera-
peutic doses, idiosyncratic hepatitis and hepatic failure as-
sociated with fever. rash, lymphadenopathy. eosinophilia
and neutropenia may occur approximately one month after
starting treatment [72, 73]. Later. afler prolonged exposure,
an auto-immune hepatitis with positive antinuclear anti-
bodies and hypergammaglobulinemia may appear [74, 75].

The time course of idiosyncratic DILI is also suggest-
ive of an immune mechanism. The typical interval from the
start of drug exposure to the onset of DILI is — with some
notable exceptions — 1-3 months, reflecting the time it
takes for sensitised lymphocytes to expand in order to pro-
duce a clinically evident reaction. Although this time lag
to the onset of liver injury would also be compatible with
a gradual accumulation of mitochondrial damage reaching
a threshold bevond which liver injury manifests itself, oth-
er features are more difficult to explain by the accumula-
tion of mitochondrial damage. Patients with DILI usually
recover promptly when the offending drug is stopped but
in some cases liver damage continues, suggesting an auto-
immune component. In the case of amoxicillin-clavulan-
ic acid induced cholestatic hepatitis, it is not uncommon
that the liver enzymes start to rise several weeks after the
drug has been stopped [76]. A similar observation was also
made with ximelagatran. Re-challenge with a drug that has
caused DILI can result in rapid recurrence of liver injury,
An anamnestic response mediated by memory T and B
cells is typical for an immune response. On the other hand,
an anamnestic response and systemic symptoms such as
fever and rash are often missing. This does not favour an
immune mechanism but does not neeessarily argue against
it.

Inter-individual differences in epitope recognition may
explain why the pattern of liver injury from a single drug
may vary and why some drugs cause idiosyncratic liver in-
Jury in some patients and injury to other organs, such as
the bone marrow. in others as is the case with the antie-
pileptic drug felbamate [77]. The immune response can be
dirccted either against the hapten (i.e., the offending drug)
alone, against the drug and a fragment of the protein it is
bound to, or solely against a protein fragment of the drug-
protein complex that was processed for antigen presenta-
tion. The first example would represent a classical adapt-
ive immune response against a drug, The second example
could explain the organ specificity of an immune response:
i the protein fragment that. together with the hapten. elicits
the immune response has organ specificity, this could ex-
plain why in some cases injury to the liver and in others
injury to another organ, for example the bone marrow, en-
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sues. The last example where the immune response is dir-
ected solely against endogenous protein fragments could
explain autoimmune reactions to drugs triggered by some
unknown additional factors independent of the presence of
the responsible drug.

The question arises of how small molecular drugs can
clicit an immune response since small molecules (<1000
molecular mass) are
However, reactive metabolites of a drug or, less commonly,
the parent drug itself. as in the case of penicillin, may act
as haptens by covalently binding to proteins and forming
immunogenic drug-protein adducts which. after processing
by antigen-presenting cells. elicit either evtotoxic T-cell or
antibody responses. One of the first examples in support of
the hapten hypothesis was the anaesthetic halothane. which
is in part metabolised to trifluoroacetic acid. Antibodies
against trifluoroacetylated proteins are found in the sera
ol patients who have experienced severe hepatic injury
from halothane. These antibodies together with mononuce-
lear cells are able to lyse hepatocytes that were exposed to
halothane in virro. Antibodv-dependent cell-mediated in-
Jjury of diclofenac-treated mouse hepatocytes has also been
shown [78]. Mice immunised with trifluoroacetylated pro-
teins develop liver injury resembling auto-immune hepatit-
is [79]. Antibodies against CYP2EI are also found in an-
aesthetists exposed to halothane without evidence for liver
injury [80]. In contrast to patients who had an episode of
halothane hepatitis where the antibodies are of the sub-
class [gG4. the antibodics in subjects exposed to halothane
are [gG1 [81]. It has been suggested that unlike 1gG1 im-
mune complexes, [gG4-containing immune complexes ¢s-
cape clearance and lead to liver injury. The reactive meta-
bolite of tycrinafen, a diuretic that has been withdrawn
from the market because ol its hepatotoxicity. binds to the
cytochrome P450 which forms the metabolite [82]. Patients
with tycrinafen hepatitis form unique antibodics, LKM2,
which react with drug-modified CYP450 [83]. A react-
ive metabolite of the antihypertensive agent dihydralazine
binds to CYP1A2 by which it is generated and results in
the formation of anti-CYP1A2 antibodics in some patients
[84]. The antibodies were not present in patients treated
with dihydralazine without liver disease [85]. Whether
these antibodics play a role in the pathogenesis of liver in-
jury is not clear, but they demonstrate an immune response
to proteins modified by reactive metabolites and the pos-
sible involvement of the adaptive immune system in some
idiosyncratic drug reactions.

The hapten hypothesis can not explain idiosyncratic
immunologic drug reactions occurring in the absence of
demonstrable covalent binding. Covalent binding of drugs
and drug metabolites is not trivial to demonstrate and the
absence of evidence for covalent binding mayv not be evid-

considered non-immunogenic.

ence of its absence. Nevertheless, considering their chem-
ical nature not all reactive metabolites are likely to bind
to macromolecules and form a neo-antigen. However, co-
valent binding may not be a prerequisite for an immune
response as some drugs have been proposed to bind re-
versibly to major histocompatibility complexes and T-cell
receptor molecules [86]. In addition, the metabolism of a
drug may result in lipid peroxidation due to the generation
of free radicals, to oxidative stress via an increased gener-
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ation of reactive oxygen species or to endoplasmatic retic-
ulum stress, all of which may gencrate danger signals that
activate the innate immune system [87].

In summary, hepatic metabolism of drugs to metabol-
ites that result in cellular dysfunction by causing oxidative
stress, mitochondrial impairment lipid peroxidation or,
seems to underlic most instances of DILIL Genetic poly-
morphisms in activating and detoxifving enzymes determ-
ine, in part, the extent of cellular stress. In the case of
paracetamol intoxication, the ensuing dose-dependent cel-
lular damage and the host reaction to this damage results
in predictable hepatic failure, In the case of idiosyncratic
liver injury, the mechanisms involved and the sequence of
events arc more speculative but may be similar: formation
of a reactive metabolite. disruption of cellular homeostas-
is, mitochondrial dysfunction, activation of death-promot-
ing pathways and release of drug-modified macromolec-
ules and/or danger signals that in turn may elicit an immune
response. Depending on the drug involved, one step or an-
other in the cascade of events may be more or less decisive
for the development of DILI in the few patients who are not
able 10 adapt to the cellular stress and contain the damage.

Funding / potential competing
interests

No funding: no conflict of intercst.

References

1 Chalasani N, Fontana RJ, Bonkovsky HL, Watkins PB, Davemn T, Ser-
rano 1, et al. Causes, clinical features, and outcomes from a prospective
study of drug-induced liver injurv in the United States. Gastroentero-
logy. 2008;135:1924-34.

2 de Abajo FJ, Montero D, Madurga M, Garcia Rodriguez LA. Acute and
clinically relevant drug-induced liver mmjury: a population based case-
control study. Br ] Clin Fharmacol. 2004.58 71-80.

3 Bell LN, Chalasani N, Epidemiology of idiosyneratic drug-induced liver
injury. Semin Liver Dis. 2009;29:337-47.

4 Temple RJ, Himmel MH. Safety of newly approved drugs: implicahons
for prescribing. JAMA. 2002,287:2273-5.

5 Lasser KE, Allen PD, Woolhandler $J, Himmelstein DU, Wolfe SM, Bor
DH. Timing of new hlack box warnings and withdrawals for prescrip-
hon medications. JAMA. 2002;287:2215-20.

6 Biour M, Ben Salem C, Chazouilleres O, Grange JD, Serfaty L, Poupon
R. [Drug-induced liver injury; fourteenth updated edition of the biblio-
graphic database of liver injunes and related drugs). Gastroenterol Clin
Biol. 2004,28:720-59

7 Stickel F, Patsenker E. Schuppan D. Herbal hepatotoxicity. ] Hepatol,
2005,43.901-10

8 Bemichou C, Criteria of drug-induced liver disorders. Report of an inter-
national consensus meeting. J Hepatol, 1990,11:272-76,

9 Lucena MI, Andrade RJ, Kaplowtz N, Garcia-Cortes M, Fernandez MC,
Romero-Gomez M, et al. Phenotypic characterization of idiosynerat-
ic drug-induced liver injury: the influence of age and sex. Hepatology,
2009;49:2001-9,

10 Danan G, Benichou C. Causality assessment of adverse reactions to
drugs — 1. A novel method based on the conclusions of international
consensus meetings. application o drug-induced liver injunes. J Clin
Epidemiol, 1993:46:1323-30.

11 Rochon 1, Protiva P. Seeff LB, Fontana RJ, Liangpunsakul S, Watkins
PB, et al, Reliability of the Roussel Uclal Causality Assessment Meth-

od for asseszing causality in drug-induced liver mjury. Hepatology.,
2008;48:1175-83

Swiss Med Wkly, 2010;140:w13080

12 Fontana RJ, Watkins PB, Bonkovsky 11, Chalasani N, Davern T, Ser-
rano J, et al. Drug-Induced Liver Injury Network (DILIN) prospective
study: rationale, design and conduct. Drug Saf 2009;32:55-68,

13 James LP, Letzig L. Simpson PM, Capparelli E, Roberts DW, Hinson
JA et al. Pharmacokinetics of acetaminophen-protein adducts in adults
with acetaminophen overdose and acute liver failure. Drug Metab Dis-
pos. 2009.37 1779-84.

14 Bjomsson E, Olsson K. Outcome and prognostic markers in severe
drug-induced liver discase. Hepatology, 200542 481-9,

15 Bjomsson E, Dawidsdottir L. The long-term follow-up after idiosyncrat-
ic drug-induced liver mjury with jaundice, J Hepatol 200%,50:511-7,

16 Andrade RJ, Lucena MI, Femandez MC, Pelaez G, Pachkona K,
Garcia-Ruiz E et al. Drug-induced liver injury: an analysis of 461 incid-
ences submutted to the Spanish remstry over a 10-vear period. Gastroen-
terology, 2005;129:512-21

17 Aithal PG, Day CP. The natural history of histologically proved drug
induced liver discase Got. 1999;44:731-5,

18 Lammert C, Emnarsson S, Saha C, Niklasson A, Bjornsson [, Chalasani
N, Relationship between daily dose of oral medications and 1diosyn-
cratic drug-induced liver injury: search for signals. Hepatology,
2008:47:2003-9.

19 Russo MW, Galanko JA, Shrestha B, Fried MW, Watkins P. Liver trans-
plantation for acute liver failure from drug induced liver injury in the
United States. Liver Transpl. 2004;10:1018-23,

20 Lammert C, Bjormnsson E, Niklasson A, Chalasani N. Oral medications
with significant hepatic metabolism at higher nisk for hepatic adverse
events, Hepatology, 2009,

21 Uetrecht JP. New concepts in immunology relevant 1o wdiosyneratic

drug reactions: the “danger hypothesis™ and mnate immune system.
Chem Res Toxicol. 1999,12:387-95,

22 Tostmann A, Boeree MJ, Aamoutse RE, de Lange WC, van d, V,
Dekhuijzen R. Antituberculosis drug-induced hepatotoxicity: concise
up-to-date review, ] Gastrognterel Hepatol, 2008.23:192-202

23 Kumar R, Bhatia V, Khanal 5, Sreenivas V, Gupta SD, Panda SK
et al. Antituberculosis therapy-induced acute liver failure: magnitude,
profile, prognosts, of outcome. Hepatology.
201051166574,

and  predictors

24 Gupta NK, Lewis JH. Review article: The use of potentially hepatotoxie
drugs 0 patients with liver disease. Aliment Pharmacol Ther
2008:28:1021-41

25 Russo MW, Watkins PB, Are pahients with elevated liver fests at in-
creased risk  of  drug-induced injury?  Gastroenterolopy
2004;126:1477-80.

liver

26 Nierkens S, Pieters R, Murine models of drug hyvpersensinvity, Curr
Opin Allergy Clin Immunol, 2005,5:331-5,

27 Ong MM, Latchoumycandane C, Boelsterli UA. Troglitazone-induced
hepatic necrosis i an ammal model of silent penetic mitochondrial ab-
normalines, Toxicol Sci. 2007,97 205-13,

28 Kashimshetty R, Desm VG, Kale VM, Lee T. Moland CL, Branham WS
et al. Underlymg mitochondnal dysfunction triggers flutamide-induced
oxidative liver injury in a mouse model of iiosyncratic drug toxicity.
Toxicol Appl Pharmacol 2009.238:150-9.

29 Mitchell JR, Jollow DJ, Potter W2, Davis DC, Gillette JR, Bro-die BB

Acetaminophen-Induced Hepatic Necrosis |1, Role of Drug-Metabaol-
ism. J Pharmacol Exp Ther, 1973;187:185-94,

30 Lauterburg BH, Corcoran GR, Mitchell JR. Mechanism of action of
N-acetylcysteine in the protection apainst the hepatotoxicity of acet-
aminophen in rats in vivo ] Clin Invest. 1983,71:980-91

31 Lauterburg BH, Velez ME. Gluathione deficiency in aleoholics: risk
factor for paracetamol hepatotoxcity. Gur 1988;29:1153-7

32 Seefl LB, Cucchenmi BA, Zimmerman HJ, Adler E, Bemjamin SB
Acetaminophen hepatotoxicity in alecholics A therapeutic misadven-
ture, Ann Intern Med, 1986;104:399-404.

33 Tirmensiein MA, Nelson SD. Subcellular hinding and effects on cal-
cium homeostasis produced by acetammophen and a nonhepatotoxic
regioisomer, 3 -hydroxvacetaniide, in mouse liver J Biol Chem.
1989;264:9814-9,

Swiss Medical Weekly - PDF of the online version - www.smw.ch

Page 7 of 8



Review article

34 Griffith OW, Mester A Ongin and turnover of mitochondnal gluta-
thione, Proc Natl Acad Sci. USA. 1985,82:4668-72.

35 Gunawan BK, Lin ZX, Han D, Hanawa N, Gaarde WA, Kaplowitz N,
c-Jun N-terminal kinase plays a major role in murine acetaminophen
hepatotoxicity. Gastroenterology. 200613116578,

36 Latchoumycandane C, Goh CW, Ong MME, Boelsterli UA. Mitochon-
drial protection by the INK inhibitor leflimomude rescues mice from
acetaminophen-induced liver injury. Hepatology 2007,45:412-21.

37 Henderson NC, Pollock KJ, Frew J, Mackinnon AC, Flavell RA, Davis
RJ, et al. Critical role of ¢-jun {(NH2) terminal Kinase in paracetamoi-
induced acute liver failure. Gut, 20075698290

38 Chen CJ, Kono H, Golenbock D, Reed G, Akira 8, Rock KL Identific-
ation of a key pathway required for the sterile inflammatory response
triggered by dying cells. Nat Med, 2007:13;851-6.

39 Imaeda AB, Watanabe A. Sohinl MA, Mahmood S, Mohamadnejad M,
Sutterwala FS, ct al. Acetaminophen-mduced hepatotoxicity in mice
is dependent on TIr% and the Nalp3 inflammasome. J Clin Invest,
2009;119:305-14,

40 Wallace KB, Starkov AA. Mitochondnal targets of drug toxicity. Annu-
al Review of Pharmacology and Toxicology. 2000;40:353-88.

41 Boelsterli UA, Lim PL, Mitochondrial abnormalities--a link to idiosyn-
cratic drug hepatotoxicity? Toxicol Appl Pharmacoel. 2007.220:92-107.

42 McKenzie R, Fried MW, Sallie R, Comjeevaram H, Di Bisceglic AM,
Park Y, et al. Hepatic failure and lactic acidosis due 1o fialundine
(FIALY), an investigational nucleoside analogue for chronic hepatitis B.
N Engl J Med. 1995:333:1099-105

43 Krahenbuhl S, Brandner 8, Kleinle S, Liechti S, Straumann D. Mito-

chondrial diseases represent a nisk factor for valproate-induced fulmin-
ant liver failure. Liver. 200020 346-8,

44 Kopanoff DE, Snider DE Jr, Caras G). lsomiazid-related hepabitis: a
U8 Public Health Service cooperative surveillance study. Am Rev

Respir Dis. 1978:117:991-1001,

45 Watkins PB, Whitcomb RW. Hepatic dvsfunction associated with trogl-
itnzone. N Engl J Med, 1998,338:916-7.

46 Watkins PB, Zimmerman HJ, Knapp MJ, Gracon 81, Lewis KW. Hep-
atotoxic effects of tacrine administration in patients with Alzheimer's
disease, JAMA. 1994 271 992-8.

47 Lee WK, Larrey D, Olsson R, Lewss I, Keisu M, Auvclent L, et al,
Hepatic findings in long-term clinical trials of ximelagatran, Drug Saf,
2005:28:351-70.

4

)

Ros IE, Libbrecht L. Geuken M, Jansen PL, Roskams TA. High ex-
pression of MDR1, MEP1, and MRP3 in the hepatic progenitor cell
compartment and hepatocytes in severe human liver disease. J Pathol,
2003:200:553-60.

4

E=4

Aleksunes LM, Campion SN. Goedken M), Manauton JE  Acquired
resistance to acetaminophen hepatotoxicity 15 associated with induction
of multidrug resistance-associated pratein 4 (Mrpd) in proliferating
hepatocytes. Toxicol Sci. 2008;104:261-73.

50 Shayiq RM, Roberts DW, Rothstein K, Snawder JE, Benson W, Ma X,
et al. Repeat exposure to incremental doses of acetaminophen provides
protection apainst acetaminophen-induced lethality in mice: an explan-
ation for high acetaminophen dosage in humans without hepatic injury.
Hepatology. 1999.29 45163,

51 Eksteen B, Afford 5C, Wigmore 8], Holt AP, Adams DH, Immune-me-
diated liver injury, Semin Liver Dis 2007:27:351-66.

52 Daly AK, Donaldson PT, Bhatnagar P, Shen Y, Pe'er |, Floralos A, et
al. HLA-B*5701 genatype is a major determinant of drug-induced liver
injury due to flucloxacillin, Nat Gener, 2009.41 816-9.

53 Fukino K, Sasaki Y, Hirm 8, Makemura T, Hashimoto M. Yamagishi
F, et al. Effects of N-acetyvltransfernse 2 (NAT2), CYP2El and
Glutathione-S-transferase (GST) genotypes an the serum concentra-
tions of isoninzid and metabolites in tuberculosis patients. J Toxicol Sci.
200833 187-95,

54 Pereth E, Karlaganis i, Lawterburg BH, Increased urinary excretion
of toxic hydrazing metabolites of isoniazid by slow acetylators. Effect
of a slow-release preparation of isomaxid. Fur J Clin Pharmacol
1987:33:285-6.

Swiss Medical Weekly - PDF of the online version - www.smw.ch

(o)

Sl Mad (Wil 2010:$90a$080

55 Dickinson DS, Bailey WC, Hirschowitz Bl, Soong $J. Euus L.
Hodgkn MM. Risk factors for isoniazid (NIH)-induced liver dysfunc-
tion. J Clin Gastroenterol. 1981,3 271-9.

56 Huang ¥'S. Chern HD, Su WJ, Wu IC, Lai 8L, Yang SY, et al Poly-
morphism of the N-acetvltransferase 2 gene as a susceptibility risk
factor for antituberculosis  drug-induced  hepatins.  Hepatology.
2002:35:883-9.

57 Possuelo LG, Castelan JA, de Brto TC, Ribeiro AW, Cafrune PI, Picon
PD, et al. Association of slow N-acetyltransferase 2 profile and anti-
TB drug-induced hepatotoxicity n patients from Southem Brazil Eur)
Clin Pharmacol. 2008;64-673-81.

58 Huang Y'S, Chern HD, Su W1, Wu JC, Chang 5C, Chiang CH, et al.
Cytochrome P450 21 genotype and the susceptibility to antitubercu-
losis drug-induced hepatitis. Hepatology. 2003.37 924-30

59 Cho HJ, Koh W), Ryu YJ, Ki C8, Nam MH, Kim JW et al Genetic
polymorphisms of NAT2 and CYP2E] associated with antituberculosis
drug-induced hepatotoxicity in Korean patients with pulmonary tuber-
culosis. Tuberculosis. (Edinb ). 2007,87:351-6.

60 Daly AK, Aithal GP, Leathart JB, Swamsbury RA, Dang TS, Day CP.
Genetic susceptibility to diclofenac-induced hepatotoxicity . contribu-
tion of UGT2B7, CYP2CS, and ABCC2 genotypes, Gastroenterology.
2007;132:272-81.

61 Chot JH, Ahn BM, YiJ, Lee JH, Lee JH, Nam SW, et al. MRP2 haplo-
types confer differential susceptibility to toxic liver injury. Pharmaco-
genet Genomics, 2007;17:403-15

62 Lucena MI, Andrade RJ, Martinez C, Ulzurrun E, Garcia-Martin E,
Borraz Y, et al. Glutathione S-transferase m1 and 11 null penotypes m-
crease suscephbility to idiosyncratic drug-induced liver injury. Hepato-
logy. 2008:48.388-96,

63 Huang YS, Su WJ, Huang YH, Chen CY. Chang FY, Lin HC, €t
al. Genetic polvmorphisms of manganese superoxide dismutase,
NAD(P)H:quinone oxidoreductase, plutathione S-transferase M1 and
T1, and the suscepbbility to drug-induced liver imjury. 1 Hepatol.
2007:47:128-34,

64 Aithal GP, Ramsay L, Daly AK, Sonchit N, Leathart JB, Alexander
G, et al. Hepatic adducts, circulating antibodies, and cytokine poly-
morphisms m patients with diclofenac hepatotoxicity. Hepatology
2004;39: 143040

65 Bourdi M, Eiras DP, Holt MP, Webster MR, Reilly TF, Welch KD, et
al. Role of IL-6 in an 1L-10 and 11L.-4 double knockowt mouse model
uniquely susceptible to acetammophen-induced liver injury. Chem Res
Toxicol. 2007;20:208-16.

66 Kindmark A, Jawaid A, Harbron CG, Barran BJ, Bengtsson OF,
Andersson TB, et al. Genome-wide pharmacogenenc investigation of
a hepatic adverse event without chimcal signs of immunopathology
suggests an underlying immune pathogenesis, Pharmacogenomies J.
2008:8:186-95

67 Hautekeete ML, Horsmans Y, Van WC, Demanet C, Henrion J, Verbist
L, et al. HLA association of amoxicillin-clavulanate-induced hepatins.
Gastroenterology. 1999:117:1181-6.

68 O'Donohue I, O1en KA, Donaldson F, Underhill 1, Clare M, MacSween
RN, et al Co-amoxiclav jaundice; clinical and histological features and
HLA class 1l association. G, 2000:47:717-20.

69 Mallal 8, Phillips E, Carosi G, Molina IM, Workman C, Tomazic J, et
al. HLA-B*5701 screening for hypersensitivity 1o abacavir. N Engl J
Med, 2008,358.568-79,

70 Lerch M, Pichler WJ). The immunelogical and clinical spectrum of
delaved drug-induced exanthems Curr Opin Allergy Clin Immunol
2004.4:411-9.

71 Uetrecht . Immunoallergic drug-induced liver injury in humans. Semmn
Liver Dis. 2009:29:383-92.

72 Knowles SR, Shapiro 1., Shear NH Senous adverse reactions induced

by minocveline. Report of 13 patients and review of the Iiterature. Arch
Dermatal. 1996;132:934-49,

73 Kaufmann D, Pichler W, Beer JH. Severe episode of high fever with
rash, lvmphadenopathy, neutropenia, and ecosinophilia after minocyc-
line therapy for acne, Arch Intern Med, 1994:154:1983—4.

Page 8 of 9



Rev_iew article

74 Gough A, Chapman 5, WagstalT Kk, Emery P, Elas E. Minocycline
induced antoimmune hepatitis and svstemic lupus erythematosus-like
syndrome. BMJ, 1996,312:169-72.

75 Goldstein NS, Bayati N, Silverman AL, Gordon 5C. Minocycline as
a cause of drug-induced autoimmune hepatiis. Report of four cases
and companison with actoimmune hepatitis. Am | Clin Pathol,
2000;114:591-8,

76 Man 1Y, Guy C, Beyens MN, Ollagnier M, Delaved drug-induced hep-
atic injurv. Evoking the role of amoxicillin-clavulinic acid combination.
Therapie. 2000,55:699-704

77 Pellock JM. Felbamate. Epilepsia. 199%:40( Suppl 51:557-62.
78 Kretz-Rommel A, Boelsterli UA Cytotoxic achivity of T cells and non-

T eells from diclofenac-immunized mice against cultured syngeneic
hepatocytes exposed to diclofenac Hepatology. 1995.22:213-22

79 Njoku DB, Talor MV, Fairweather D, Frisancho-Kiss 8, Odumade
OA, Rose NR. A novel model of drug hapten-induced hepatitis with
increased mast cells in the BALB/c mouse. Exp Mol Pathol
2005,78:87-100,

80 Njoku DB, Greenberg RS, Bourdi M. Borkow! CB, Dake EM, Martin
IL, et al. Autoantibodies associated with volatle anesthetic hepatitis
found in the sera of a large cohort of pediatric anesthesiologists. Anesth
Analg, 2002;94:243-9, table.

81 Njoku DB, Mellerson JL, Talor MV, Kerr DR, Faraday NR, Outschoomn
1, et al. Role of CYP2E] immunoglobulin G4 subclass antibodies and

Swiss Med Wkly. 2010;140:w13080

complement in pathogenesis of idiosyncratic drug-induced hepatitis
Clin Vaccine Immunol. 2006,13:258-65.

82 Robin MA. Maratrat M, Le RM. Le Breton FP, Bonierhale E, Dansette
P, et al. Antigenic fargets in tiemlic acid hepantis. Both cytochrome
P450 2C11 and 2C11-nemlic acid adducts are transported to the plasma
membrane of rat hepatocytes and recognized by human sera. J Chn In-
vest. 1996,98:1471-80 83 Lecoeur S, Andre C, Beaune PH. Tiemilic
acid-induced autoimmune hepatitis: anti-liver and-Kidney microsomal
type 2 autoantibodies recognize a three-site conformational epitope on
cytochrome P4502C9. Mol Pharmacol. 1996,50:326-33

84 Bourdi M, Tinel M, Beaune PH, Pessayre D, Imeractions of dihy-
dralazine with cytochromes PA501A: n possible explanation for the ap-
pearance of anti-cylochrome P4501AZ autoanhbodies. Mol Pharmacal.
1994:45:1287-95.

85 Bourdi M, Larrey D, Nataf J, Bernuau J, Pessayre D, Iwasaki M, et
al_ Anti-liver endoplasmic reticolum autoannbodies are directed agminst
human cytochrome P-430IA2. A specific marker of dihvdralazine-in-
duced hepatitis. ] Clin Invest, 1990 85:1967-73

86 Pichler WI, Beeler A, Keller M, Lerch M, Posadas S, Schmid D, et
al. Pharmacological interaction of drugs with immune receplors: the p-1
concept. Allergol Imt. 2006,55:17-25.

87 Matzinger P. Tolerance, danger, and the extended fanmily. Annu Rev Im-
munol 1994;12:991-1045.:991-1045,

Swiss Medical Weekly - PDF of the online version - www.smw.ch

Page 9 oﬁ



