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Re: PI.- ALIOS BIOPHARMA, INC.Solicitud de Patente de Invencidon en Fase

Nacional PCT para "ANALOGOS DE NUCLEOTIDOS SUSTITUIDOS".-
Clase CO7H 19/20.-Expediente nimero 13-089.868.-

Yo, ALICIA LLOREDA RICAURTE, mayor, vecina de esta ciudad, identificada
con la cédula de ciudadania nimero 39.690.713 de Usaquén, Representante Legal en
Bogotd para todos los asuntos relacionados con la Propiedad Industrial de la sociedad
ALIOS BIOPHARMA, INC,, organizada y existente de conformidad con las leyes del
Estado de Delaware, Estados Unidos de América, domiciliada en South San Francisco,
Estado de California, Estados Unidos de América, ‘atentamente manifiesto a usted
que interpongo RECURSO DE REPOSICION contra la Resolucién Nimero 2763

dictada por el sefior Superintendente de Industria y Comercio el 30 de Enero de 2015

y notificada por fijacidon en lista el 3 de Febrero de 2015, por medio de la cual se

niega el privilegio de patente solicitado para la invencidn contenida en el expediente
de la referencia.

FUNDAMENTOS DE DERECHO

Como fundamento de mi recurso, me permito manifestar ante ese Despacho

que el contenido de la Resolucién Nimero 2763 evidencia que durante el examen
técnico realizado a la solicitud denegada se realizé una evaluacion incorrecta del
objeto de la invencion alli reclamada, sin considerarse su real alcance e importancia.
En este sentido, no se considerd el verdadero y valioso aporte técnico que representa
para el arte en cuestion los fosforotioatos analogos de nucledtidos con actividad

antiviral, anticancerigena y antiparasitaria, revelados en la solicitud denegada.
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Es asi que, a pesar de los argumentos proporcionados por el solicitante en
~respuesta al Concepto Técnico emitido por ese Despacho el 26 de Junio de 2014, en
la Resolucion impugnada este Despacho mantiene las objeciones frente a la Claridad
yel NiVeI Inventivo de la sblititud, argumentando basicamente que:

"(..) se aclara que la objecion de las reivindicaciones 61 y 62 decia gue la
aplicacion que pueda darse a un compuesto (... ) no son elementos caracteristicos de

un compuesto porque los elementos caracteristicos son su estructura central y sus
sustituyentes quimicos (...)"."

Ademas, el sefior Examinador resalta que:

"(...) no hay evidencia de que el incluir los sustituyentes aminodcido, polifosfato,
arilo, piridinilo o quinolinilo, proporcione un compuesto con algun defecto técnico

diferente al que ya proporcionaba el del documento D2, que tiene actividad por
accioén sobre la AMPK”.

Consecuentemente,

"...la persona normalmente versadav en la materia, modificaria los compuestos
descritos en el documento D2, incluyendo el sustituyente aminodcido de acuerdo a lo
sugerido por el documento D1, teniendo en cuenta que la estructura semejante,
obteniendo los compuestos propuestos en la solicitud de manera obvia (.. ) En

consecuencia, la reivindicacién 1 de acuerdo a lo divulgado en los documentos D1 y
D2 carece de nivel inventivo”.

Asi-como también que:

"Dado que las reivindicaciones 2 a 60 no presentan alguna caracteristica adicional

que conceda nivel inventivo al objeto de la reivindicacién 1, se considera que
tampoco tienen nivel inventivo”,

Por consiguiente, a continuacién me permito brindar argumentos técnicos para
no sélo demostrar ante ese Despacho que el nuevo capitulo reivindicatorio que se
presenta junto con el presente recurso cumple a cabalidad con los requisitos de
claridad y nivel inventivo exigidos por los articulos 18 y 30 de la Decisidn 486 de

2000, sino ademas para establecer que la invencién ha sido interpretada de manera
errénea a la luz de los documentos del arte previo.
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1. PRESENTACION DE SOLICITUD DIVISIONAL.

a) -

Inicialmente y de conformidad con el Articulo 36 de la Decisién Andina

486 de 2000, el Articulo 7 del Decreto 2591 de 13 de Diciembre de 2000 y el Articulo

11 de la Resolucion nimero 00210 de 15 de Enero de 2001, me permito manifestar

que es deseo del solicitante dividir la presente solicitud de patente en dos

solicitudes, a saber:

b)

Una solicitud original compuesta por 26 reivindicaciones, que tienen como
base las reivindicaciones actualmente presentadas en respuesta al Oficio
No. 7687 y que han sido modificadas en conformidad a lo expuesto en el

numeral 2.1 del presente memorial; y

Una solicitud divisional que comprende _59 reivindicaciones que
encuentran pleno sustento en el capitulo descriptivo y reivindicatorio

originalmente presentado para dicha solicitud original.

En conexién con lo anterior, a continuacion especifico los documentos

anexos al presente memorial y que se relacionan con cada una de las solicitudes

resultantes del presente fraccionamiento:

Solicitud original: "ANALOGOS DE NUCLEOTIDOS SUSTITUIDOS".

Recibo nimero 15-007212, expedido por la Supermtendenua de Industria

y Comercio, que acredita el pago de las modificaciones mencmnadas y

Copia de las paginas 255 a 267 que corresponden al nuevo capitulo
reivindicatorio modificado, compuesto por 26 reivindicaciones, tal y como

se describe en el numeral 2.1 del presente memorial.

Copia de la portada de la patente americana US 8,871,737,

Copia del notice of allowance de la patente US 8,871,737por parte de la
USPTO

Copia del resumen Jordheim, L.P. et al. Nat. Rev. Drug Discovery. Vol, 12,
pp. 447-464 (2013),
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Copia del documento Coats, S.J. et al. en Antiviral Res. Vol 102, pp. 119-

147 (2104),

Solicitud divisional: "ANALOGOS DE NUCLEOTIDOS SUSTITUIDOS".

Recibo némerov15-006973, expedido por la Superintendencia de Industria

y Co‘mercio, que acredita el pago de los derechos que causa el presente

‘fraccionamiento;

Recibo _m’nmero 15-0026210, expedido por la Superintendencia de

Industria y Comercio, que acredita el pago de las reivindicaciones 11 a
59; v _

Nuevo resumen-Objeto y Finalidad de la Invencién (formato digital);

Paginas 1 a 254 de la descripcién, que corresponden al texto de la
descripcidn de la solicitud de patente nimero 13-089.868 originalmente
presentada (formato digital);.

Paginas 255 a 279 que corresponden al nuevo capitulo reivindicatorio
compuesto por 59 reivindicaciones que, como se comentd previamente,

encuentran pleno sustento en la descripcién de la presente invencién

(formato digital); -

Figuras en (formato digital;

Extracto de la solicitud, en sus dos formas, que incluye el titulo que se
encuentra de acuerdo con el objeto de la presente invencién fraccionada y
que incluye el resumen y el sector (formato digital);

Tarjeta de Propietario (formato digital);

Arte final (formato digital).

Copia del traspaso de los derechos de la presente invencién que los

autores de dicho invento hacen a favor de mi representado, (formato
digital);
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. Copia del documento que acredita a la suscrita ALICIA LLOREDA y/o al
doctor GUSTAVO TAMAYO, y/o a la doctor ANA MARIA CASTRO y/o a al
doctor ENRIQUE ALVAREZ, en los términos del Parrafo 1° del Articulo 543
del Decreto-Ley 410 de 1971, como Representantes Legales en Bogotd
para todos los asuntos relacionados con la Propiedad Industrial de la
sociedad ALIOS BIOPHARMA, INC. organizada y existente de
conformidad con las leyes del Estado de Delaware, Estados Unidos de
América y domiciliada en South San Francisco, Estado de California,

Estados Unidos de Ameérica (formato digital);
. Formato Unico de Conversidn, Divisidn y Fusién de Solicitudes;

c) En cuanto a la reivindicacion de la prioridad respecto de la solicitud
divisional, es la misma invocada en la solicitud original, la cual fue reivindicada
oportunamente en Fase Internacional de la solicitud nﬂmero us 61/385,363 de 22 de
septiembre de 2010 y US 61/426,461 de .22 de diciembre de 2010.

d) Ratifico a usted que la sociedad titular de la solicitud fraccionada en
cuestion es ALIOS BIOPHARMA, INC. organizada y existente de conformidad con
las leyes del Estado de Delaware, Estados Unidos de América y domiciliada en South

San Francisco, Estado de California, Estados Unidos de América.
e) De conformidad con lo establecido por el Articulo 36 de la Decision 486 de
2000, solicito a ese Despacho se sirva aceptar y estudiar la solicitud divisional

presentada y conceder el privilegio de patente solicitado.

2. CAPiTULO REIVINDICATORIO DE LA SOLICITUD ORIGINAL.

2.1. Modificaciones al Capitulo Reivindicatorio

Ahora, en razén de defender la patentabilidad de la presente solicitud
denegada, me permito también manifestar que el solicitante ha decidido realizar las

siguientes modificaciones en el capitulo reivindicatorio de la invencién actualmente
presentada:

. Nueva Reivindicacién 1: tiene como base la reivindicacion 1
actualmente presentada, la cual ha sido modificada para restringir considerablemente

el alcance de la materia reclamada y para asemejarse con el capitulo reivindicatorio
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'de la patente A'americana US 8,871,737. Especificamente, dichas modificaciones
consisten en:

~ Eliminar del - preambulo de la feivindicacién la frase "(..) o un tio-
monofosfato del mismo (...)".

- - Especificar para el sustituyente B' que la bases heterociclicas son purina y
pirimidina.

- Eliminar del sustituyente R! las definiciones O y OH.

- Restringir el Sustituyente R a los grupos funcionales benceno, naftaleno y
azuleno. Dicha modificacién encuentra pleno sustento en el pérrafo
[0032] pagina 12,

- Restringir el sustituyente R* a hidrégeno.

- Restringir el sustituyente R® a hidrégeno.

~ Eliminar del Sustituyente R® las definiciones azido y ciano.

~ Agregar la definicion del sustituyente R®, el cual es selecciona del grupo
que ,' cohsis_te de halégeno y un alquilo C;¢ no sustituido. Dicha
modificacién encuentra pleno sustento en el parrafo [0103] pégina 40.

- Resfringir el sustituyente R® a hidrégeno.

- Especificar para los sustituyentes R'? y R que son independientemente
hidrégeno o un alquilo C;.¢ no sustituido.

- Especificar para los sustituyentes R®* y R!® que son independientemente
un alquilb Ci.6 no sustituido o un cicloalquilo Cs.¢ no sustituido.

- Eliminar las definiciones de los sustituyentes R, R'¢, R'®, Rl y RY7:

- Eliminar la frase “(...) con /a condicién de que cuando R*, R®, R, R®, R,

R® y R® son todos hidrégeno, entonces R® no es azido (...)".

K Nueva Reivindicacién 2: corresponde a la reivindicacion 2 del capitulo

actualmente presentado.

o Nuevas Reivindicaciones 3 a 6: corresponden a las reivindicaciones 5 a

8 del capitulo actualmente presentado.

. Nuevas Reivindicaciones 7 a 9: corresponden a las reivindicaciones 10

"a 12 del capitulo actualmente presentado.

. Nueva Reivindicacion 10: corresponde a la reivindicacién 14 del

capitulo actualmente presentado.
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Nueva Reivindicacion 11: tiene como base la reivindicacion 15
actualmente presentada, la cual ha sido modificada para restringir el
alcance de la materia reclamada. En este sentido, se especificado que el
sustituyente “R?? es un alquilo C,.s opcionalmente sustituido o un
cicloalquilo Cs.¢ opcionalmente sustituido”. Dicha modificacién tiene pleno
sustento en el parrafo [0093] de la pagina 34.

Nuevas Reivindicaciones 12 y 13: corresponden a las reivindicaciones

17 y 18 del capitulo actualmente presentado.

Nueva Reivindicacion 14: corresponde a la reivindicacién 24 del

capitulo actualmente presentado.

Nueva Reivindicacion 15: corresponde a la reivindicacion 27 del

capitulo actualmente presentado.

Nueva Reivindicacion 16: tiene como base la reivindicaciéon 30
actualmente presentada, la cual ha sido modificada para restringir el
alcance de la materia reclamada. En este sentido, se especificado que el
sustituyente “R® es ~OH o -OC(=0) alquilo C,.c; y donde R’ es -OH, -
OC(=0) alquilo C;.s o halégeno; o R® y R” son ambos gtomos de oxigeno
y estdn unidos mediante un grupo carbonilo”. Dicha modificacién tiene
pleno sustento en las caracteristicas técnicas de las reivindicaciones 33 y

39 actualmente presentadas y en el parrafo [0088] de la pagina 30.

Nueva Reivindicacién 17: tiene como base la reivindicacién 41
actualmente presentada, la cual ha sido modificada para restringir el
alcance de la materia reclamada. En este sentido, se han eliminado los
compuestos especificos que no cumplen con las especificaciones vy

modificaciones presentadas en este memorial. Asimismo:

- Serestringe el sustituyente R™ a hidrégeno y halégeno.
~ Se restringe el sustituyente R%? un alquilo Ci-6 NoO sustituido.
- Se restringe el sustituyente R™ a hidrégeno o NH,.

- Se eliminan las definiciones para los otros sustituyentes.

Nueva Reivindicacién 18: corresponde a la reivindicacion 44 del
capitulo actualmente presentado.
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. ‘Nueva Reivindicacién 19: tiene como base la reivindicacion 46
actualmente pfeséntada, la cuai ha sido modificada para restringir el
alcance de la materia reclamada. En este sentido, se han eliminado los
compuestos especificos que no cumplen con las especificaciones %
modificaciones presentadas en este memorial.

. Nuevas Reivindicaciones 20 a 25: corresponden a las reivindicaciones

48 a 53 del capitulo actualmente presentado.

. Nueva Reivindicaciéon 26: corresponde a la reivindicacién 60 del

capitulo actualmente presentado.

De acuerdo a lo anterior, me permito sefialar que las reivindicaciones 3,4,9,
13, 16, 19 a 23, 25, 26, 28, 29, 31 a 40, 42, 43, 45, 47, 54 a 59, 61 y 62 del
Capitulo Reivindicatorio actualmente presentado fueron eliminadas del documento
modificadd. Asimismo, me permito aclarar que el orden de enumeracion y
dependencia de las nuevas reivindicaciones se ha reajustado de conformidad con las

modificaciones previamente descritas.

Adicionalmente, me permito sefialar que dichas modificaciones cumplen con el
propodsito de restringir significativamente la materia reclamada y asi permitir una
mayor diferenciaciéon de la invencion de la solicitud denegada con el estado del arte
previo, |

De esta forma, el mencionado capitulo reivindicatorio modificado queda
constituido por 26 reivindicaciones, la cuales no constituyen de ninguna manera
-una ampliacion -al alcance de la solicitud original y cuenta con pleno sustento en las
ensefianzas de la descripcidon. Con lo anterior, me permito reiterar que dicho capitulo
cumple a cabalidad con las disposiciones de patentabilidad establecidas en el Articulo
34 de la Decision 486 de 2000.

2.2. Claridad del Nuevo Capitulo Reivindicatorio.

Ahora bien, ese Despacho menciona en la Resolucién aqui impugnada que la
objecién de las reivindicaciones 61 y 62 decia que la aplicacién que pueda darse a un
compuesto, usando frases como “(...) inhibir la actividad polimerasa NS5B (...)” 0 (...)
para inhibir la rep/icacién del virus (...)”, no es un elemento caracteristico de un
compuesto. Ante esto, el sefior Examinador manifiesta que los elementos de un

compuesto son su estructura central y sus sustituyentes quimicos.
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Respecto al anterior sefialamiento, muy amablemente me permito manifestar
que, tal y como se explicé en el numeral 2.1 del presente memorial, las
reivindicaciones 61 y 62 no hacen parte del nuevo capitulo reivindicatorio presento
junto con este documento. Por lo tanto, se considera que la objecidn a este respecto

ha sido completamente superada.
3. PRINCIPALES CARACTERISTICAS DE LA INVENCION DENEGADA.

Con el fin de contextualizar los motivos por los cuales ese Despacho realiza una
incorrecta valoracion y evaluacion del arte previo, me permito sefialar a continuacion
las principales caracteristicas y ventajas técnicas asociadas a la materia revelada en
la solicitud de patente negada.

En vista del nuevo capitulo reivindicatorio presentado junto con este memorial,
la presente solicitud reclama de manera especifica y exclusiva fosforotioatos
analogos de nucleédtidos de féormula I con exclusiva actividad antiviral,
anticancerigena y antiparasitaria. Especificamente, dichos compuestos son Utiles
para inhibir la actividad polimerasa de la enzima NSSB de un virus de hepatitis C in

vitro, y con ello, inhibir su mecanismo de replicacién.

Con respecto a los beneficios de la presente invencién, me permito traer a
colacién que dichos compuestos andlogos de nucledtidos de formula I, reclamados en
la nueva reivindicacion 1, constituye una novedosa e inventiva para tratar

enfermedades de origen viral, cancerigeno y parasitario.

De acuerdo con la tabla 11 del Ejemplo 40 (pagina 240 de la memoria
descriptiva), 46 compuestos especificos de la presente invencién presentan actividad
antiviral para el VHC satisfactoria, determinada a través de valores CEso menores a 1
UM. Especificamente, dicha actividad inhibitoria se presenté activamente en ensayos
con replicones de VHC sin tratar. Similarmente, 4 compuestos de la presente
invencion presentaron valores de Cls, menores a 1 .uM (Tabla 12 Ejemplo 41 pagina

247), con lo que se demuestra la actividad inhibitoria de la enzima NS5B.
En este punto, es importante resaltar que dicha actividad es atribuida a la
sustitucion en la posicién 2’ de la ribosa del nucledtido de férmula I, tal y como se

describe en el parrafo [0121] de la pagina 86 de la memoria descriptiva:

“En algunas realizaciones, un compuesto de Férmula (1) (incluido un compuesto de
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Férmula (Ia)), o una sal farmacéuticamente aceptable del mismo, puede actua'r
como un terminador de cadena de replicacién de VHC. Por ejemplo, l/a
incorporacién de un compuesto de Férmula (I) que contiene un resto en la posicidn
carbono 2' puede terminar la elongacién adicional de Ia cadéha de ARN Je
VHC. Por ejemplo, un compuesto de Férmula (I) puede contener una modificacién de
carbono 2’ cuando R® es un grupo no 'hidr6geno seleccionado de haldgeno, azido,
ciano o un alquilo C,.¢ opcionalmente sustituido, -OR* y -OC(=0)R¥’”. Siendo R®
definido como un halégeno o un alquilo C;.¢ no sustituido en dicha posicién, es esta
caracteristica la que otorga el efecto técnico principal a la invencién, y por lo tanto, la

que la diferencia crucialmente de los compuestos del estado del arte previo (ver
numeral 5.1 del presente memorial).

A la luz de las anteriores consideraciones, me permito concluir ante ese
Despacho que los fosforotioatos analogos de nucledtidos de formula I reclamados en
la solicitud denegada constituyen una alternativa eficaz y satisfactoria para I'a
inhibicién del virus de la Hepatitis C y su enzima N5SB. Dichas propiedades atribuidas

a los anteriores compuestos se evidencian a lo largo de la descripcién de la solicitud,

particularmente en los ejemplos realizados. ‘ :

" . i
4. CONSIDERACIONES TECNICAS FRENTE A LAS ENSENANZAS DEL ART|§
PREVIO

Ahora, teniendo en cuenta el alcance del nuevo capitulo reivindicatorio de ILa
invencion en cuestiéon, me permito manifestar ante ese Despacho que Ids
fosforotioatos de formula 1 andlogos de nucledtidos en la solicitud de patentF
denegad'a presentan un inequivoco nivel inventivo frente a la combinacién de las
ensefianzas de los documentos “Kinetic and mechanistic studies on the
dephosphoryl reaction catalyzed in nucleoside 5 -amino acid
phosphoramidates”, Journal of Molecular Catalysis A. 2005, p.239-242 (D1)
y WO 2006/038865 (D2). ’

En la Resolucion aqui impugnada, el sefior Examinador considera que la
composicion reclamada en la solicitud no tiene nivel inventivo puesto que, a la luz de

las ensefianzas de los documentos D1 y D2, la persona del oficio normalment

[1]

versada- en la materia podria derivar de manera evidente el objeto de Ia

reivindicacion 1 de la solicitud.

Frente a tal consideracion, me permito sostener que las ensefianzas de los

documentos D1 y D2, solas o en combinacién, de ninguna manera anticipaﬁ

10
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o sugieren de manera obvia los compuestos de formula I con todas y cada
una de las definiciones especificas para sus sustituyentes, tal y como se
reclaman en el capitulo reivindicatorio modificado que se presenta junto con

este memorial.

Ahora bien, con el animo de demostrar ante ese Despacho que la anterior
afirmacion es completamente correcta, a continuacion me permito realizar un analisis
comparativo detallado entre la informacion revelada en la presente solicitud y las

ensefianzas brindadas por dichas anterioridades.

a) Los fosforotioatos de férmula I reclamados en el capitulo
reivindicatorio modificado adjunto al presente memorial no pueden ser

derivados de manera obvia a partir de las ensefianzas del documento D1.

De conformidad con lo sefialado por el sefior Examinador en la Resolucion
Nimero 2763, el documento D1 divulga compuestos andlogos de nucléosidos de
tiofosforamidatos que tienen el sustituyente aminoacido y que tienen ademas utilidad
en tratamientos de quimioterapia del cancer y que poseen actividad antiviral.

Asimismo, el sefior Examinador sefiala que dichos compuestos requieren del
metabolismo intracelular de 5-mononucledtidos por la fosforilacion mediada por la
cinasa para poder tener actividad bioldgica. A su vez, dicho documento D1 revela que
algunos nucledtidos-5-fosforamidatos son eficientes inhibidores del virus de VIH y
proporcionan una interesante alternativa para desarrollar medicamentos nucleésidos

antivirales (paginas 239 y 240).

Sin embargo, tras la atenta lectura y revision de las ensefianzas de D1, me
permito manifestar que el documento D1 tiene las siguientes deficiencias en
comparacion con la solicitud denegada:

< El documento D1 es en realidad un estudio mecanico de la reaccion de
desfosforilacion catalizada con bases de analogos de nucléosidos. En este sentido, en
ningun lugar del documento se presenta informacion o datos biolégicos que soporten
alguna actividad antiviral.

o El Unico enunciado sobre un tipo de actividad bioldgica se encuentra en la
pagina 239 del documento, y se refiere a que "algunos nucledtidos-5-fosforamidatos
son eficientes inhibidores del virus de VIH y han atraido la atencion como pro-drogas
nucléosidas antivirales”, tal y como sefalo el sefior Examinador en la Resolucién aqui

impugnada. No obstante, dicha premisa se hace sin demostrar ninglin soporte

1
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estadistico o cuantitativo, lo que indica que tampoco se presentan datos bioldgicos

para soportar |la posible actividad antiviral de dichos compuestos.

e

X En realidad, el documento D1 no sugiere con datos que sus compuestos

.

tengan alguna actividad bioldgica relevante.

Ahora bien, en cuanto a la comparacion de la férmula I de la presente invencion
con las estructuras de los compuestos de D1, es evidente que existen diferencias
estructurales significativas entre los fosforotioatos andlogos de nucledtidos
sustituidos reclamados en la solicitud impugnada y los compuestos del documento
D1. Dichas diferencias, se exponen a continuacion:

i Los compuestos de D1 incluyen fosforamidoatos (P=0) mientras que los
compuestos de formula I de la presente solicitud son fosforoamidotioatos (P=S).

- -
- -
-~ -

20
(o]

=1
~

Formula I de la presente aplicacion

(o]

N

I NH l
wH
0
f\. 050 OAc OAc . OAc OAc
CH, OH OCH, OH OCH, OH

. |; :r...l 0 o >‘“
I)\ OAc OAc OAc OAc
OCH, 0"‘ CH; OH OCH,OH

Ejemplos de Compuestos del documento D1
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ii. Los compuestos de D1 tienen en la posicién R? un -OH o un alquilo
mientras que los compuestos de féormula I de la presente solicitud en dicha posicion

R? tienen exclusivamente un benceno, naftaleno y azuleno.

o} N~ "0
1]
[ - -0
NH
@)
‘YL\ Oy °~>T/L\. OAc OAc (" 050
\ g \ .
OCH,0H — - OCH OH OCH4 OH
O
0
EKNH f‘\NH
||k ) . -
i p—P-0
>—-0 0. -0 o) I o]
' NH
YL.K“:/ C}. - W OAc OAc T bH x\
OCH;0H —  ° OCH; OH 3 .
0O O
/I'L-. NH | NH
T NH
L X L L NS0
[0} NT P o N G
" 5o b0
F;,_O 0 | O-.\_‘_
M NH OW
Q.. .0
Oﬁ/L\. OAc OAC Dﬁ/l\./ OAc OAc OCH. IIOH )Q‘
OCH, OH OCH, OH 3

Ejemplos de Compuestos del documento D1
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iii. Los compuestos de D1 tienen en las posiciones R® R’ un grupo alquilo
unido (especificamente, un dimetilacetal) mientras que los compuestos de férmula I
de la presente solicitud en dichas posiciones tienen un hidrégeno halégeno, -
OR'? u -0C(=0)R™,

Formula I de la presente aplicacion

| NH | NH E NH
NAO S N’l*o NAO

Ejemplos de Compuestos del documento D1

iv. Los compuestos de D1 tienen en la posicién R® un hidrégeno mientras que
los compuestos de féormula I de la presente solicitud en dicha posicion R® tienen
exclusivamente un halégeno o un alquilo C;¢ no sustituido, el cual es
preferiblemente un metilo.
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Formula I de la presente aplicacion

O 0
A NH
" "NH N—l |
[ A N
A s i "0
Q 1
1l e
>— —p—o y—0—P-0 } | -%_
7/ NH
" ~
—H_-K —H_-# Oﬁ)\ 0
Ox OAc UAL - .bH 9, -
OCHJ)H Sl OCH; OH M "
i i
NH
- ~
S P NH
[N | N/K 5 “J%
“( = I
- \}—O E::': & | HO"-I;’ 0 |
* p SRR~ R NG
A
0 OQH\/ a)
e & N OAc OAc ' N
“- AT [ OCH, OH >
OCH, OH OCH, OH

Ejemplos de Compuestos del documento D1

Ante esta Ultima diferencia en la posicién R®, me permito manifestar que esta
sustitucion en la posicion 2 de la ribosa es crucial para la actividad anti-HCV, tal y
como lo expresa Coats, S.J. et al. en Antiviral Res. Vol 102, pp. 119-147 (2104) (ver
anexo). Ahora, ya que los compuestos del documento D1 no presentan dicha
sustitucion en la posicion 2, donde sélo tienen un hidrégeno, no se esperaria que
dichos analogos de nucléosidos tuvieran un efecto antiviral en contra de un virus, tal
y como el de la Hepatitis C. En otras palabras, los compuestos de D1 carecen del

sustituyente quimico que proporcionaria alguna actividad antiviral.

Por lo tanto, una persona versada en la materia reconoceria que dichos
compuestos de D1 constituyen una mera y simple modificacion a nucléosidos que
ocurren naturalmente y que tendrian poca o ninguna actividad antiviral. Es asi, que
una persona versada en la materia no se veria motivada a usar los
compuestos del documento D1 para modificar analogos de nucléosidos y

obtener una actividad antiviral adecuada.

b) Los fosforotioatos de férmula I reclamados en el capitulo
reivindicatorio modificado adjunto al presente memorial tampoco pueden
ser derivados de manera evidente a partir de las ensefianzas del documento
D2.
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Siguiendo el analisis de nivel inventivo, el documento D2 divulga analogos de
nucleosidos con particular actividad beneficiosa para tratar la diabetes tipo 2,
intolerancia a la glucosa, hiperinsulinemia, resistencia a la insulina, entre otros.
Ademas, dicho documento D2 divulga la posibilidad que los compuestos pueden tener
efectos beneficiosos contra el cancer.

Sin embargo, tras la atenta lectura y revision de las ensefianzas de D2, me
permito manifestar que dicho documento también presenta ciertas deficiencias al
comparar sus ensefanzas con la informacion de la invencion de la solicitud
denegada:

o La informacion relacionada con la actividad anticancerigena de los
compuestos del documento D2 es puramente teorética. En este sentido, tampoco
existe informaciéon o datos bioldgicos en ninguna parte del documento D2 que

soporten actividad contra el cancer o contra algun virus.

o El vinculo entre la proteina AMPK vy el “crecimiento y/o supervivencia de
alguna células cancerigenas”, como es revelado en el documento D2, es irrelevante
para la sugerencia de la actividad antiviral de los compuestos de férmula I de la
presente invencion. En este sentido, AMPK no tiene ninguna relacion con la con la
actividad antiviral, puesto que dicha enzima detecta fluctuaciones en la proporcion de
ATP y sus producto catabdlico, el AMP.

o Al evaluar las ensefianzas del documento D2, el sefior Examinador falla en
reconocer que andlogos de nucléosidos antivirales generalmente tienen una actividad
baja en enzimas de mamiferos comparada a la actividad de analogos de nucléosidos
anticancerigenos (Jordheim, L.P. et al. Nat. Rev. Drug Discovery. Vol. 12, pp. 447-
464 (2013)). Esta baja actividad de nucléosidos antivirales en enzimas de mamiferos
resulta en ninguna actividad cancerigena o efectos alternos.

<  En relacion a lo anterior, el sefior Examinador también falla en reconocer
que los analogos de nucléosidos antivirales son generalmente mas diversos a nivel
estructural que analogos de nucléosidos anticancerigenos, y por lo tanto, su actividad
en contra del cancer no confiere ninguna actividad en contra de un virus.

<  El documento D2 presenta Unicamente informacion y datos bioldgicos
relacionados a niveles de azlcar en la sangre y niveles de triglicéridos en el serum.
En este sentido, no revelan ningun soporte cuantitativo sobre alguna actividad en

contra del cancer o un virus de los compuestos reclamados.
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De forma similar al analisis del documento D1, me permito manifestar que se
encontraron también diferencias estructurales significativas entre los fosforotioatos
analogos de nucledtidos sustituidos reclamados en la solicitud impugnada y los

compuestos del documento D2. Dichas diferencias, se exponen a continuacion:

i. Los compuestos de D2 pueden ser fosforamidoatos (P=0) mientras que
los compuestos de formula I de la presente solicitud son fosforoamidotioatos
(P=S) (ver circulo rojo). Asimismo, los compuestos de D1 pueden tener un -OH en
la posicion R' mientras que los compuestos de férmula I de la solicitud tienen un
aminoacido opcionalmente sustituido o un derivado éster de un aminoacido

opcionalmente sustituido (ver flecha azul).

NH,
SN
-9 éﬂ L

0 0 NT N

- H °
O
HO 0
R R’
Formula I de la presente aplicacion Ejemplos 10 del documento D2

ii. Los compuestos de D2 incluyen B-S-tiofosfatos (P=S en el segundo atomo
de fosforo) mientras que los compuestos de formula I de la presente solicitud son a-

S-fosforamidotioatos.

CH,

RO R’

Formula I de la presente aplicacion Ejemplos 3 del documento D2

iii. Los compuestos de D2 incluyen y-S-tiofosfatos (P=S en el tercer atomo
de fésforo) mientras que los compuestos de formula I de la presente solicitud son a-

S-fosforamidotioatos.
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Formula I de la presente aplicacion Ejemplos 1 del documento D2

iv. Los compuestos de D2 tienen en la posiciéon R® un hidrégeno mientras que
los compuestos de formula I de la presente solicitud en dicha posicion R® tienen
exclusivamente un halégeno o un alquilo C,.s no sustituido, el cual es
preferiblemente un metilo.

S R3a 4

e
»

o
=i

RZ R

Formula I de la presente aplicacion Formula General del documento D2

Similar a los anteriores argumentos para el documento D1, una persona
versada en la materia no se veria motivada a usar los compuestos del
documento D2 para modificar analogos de nucléosidos y obtener una
actividad antiviral adecuada puesto que no existe referencia alguna a dicha
actividad y las diferencias estructurales no sugieren la definicion de los
mismos sustituyentes de la formula I de los compuestos de la presente

invencidén.

c) La combinacion y separacion de los agentes antirretrovirales en la
formulacion reclamada de ninguna manera puede ser derivada de las

ensefnanzas de los documentos D1 y D2.
Antes de concluir con el andlisis de las diferencias, es importante resaltar que

algunos argumentos de la Resolucion aqui impugnada son confusos puesto que las

referencias a los documentos y sus contenidos son incorrectas.
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En este sentido, cuando el sefior Examinador afirma que "E/ documento D2 es
considerado el estado de la técnica mas cercano a los compuestos definidos en la
reivindicacién 1 porque divulga compuestos analogos de nucléosidos sustituidos por
aminodcido (..)” se comete una confusion con las enseflanzas de ambos
documentos, puestos que es el documento D1 el que incluye dichos aminoacidos en

su estructura.

Similarmente, cuando el sefior Examinador sefala que “(...) esta Oficina observa
que la persona normalmente versada esperaria que este tipo de compuestos tuviese
actividad antiviral, como ensefna previamente el documento D2 (...)” se comete una
confusién aun mas relevante porque, como ya se discutié en el literal b del presente
numeral, el documento D2 no revela por ningin lado compuestos con actividad en

contra de un virus.

Ahora bien, en cuanto a las diferencias mas significativas encontradas entre los
documentos del arte previo, es evidente que la persona del oficio medianamente
versada en la materia tendria que realizar varios tipos de modificaciones a las
moléculas de los documentos D1 y D2, para llegar a los compuestos que se reclaman
en la presente solicitud. En este sentido, ninguno de los dos documentos brinda
ninguna sugerencia acerca de que estas modificaciones deben realizarse con

el fin de llegar a obtener compuestos mas adecuados.

En este sentido, es claro que aun cuando la persona versada en la materia
incluyera el sustituyente aminoacido de D1 en los compuestos de D2, los
compuestos resultantes todavia serian diferentes a los aqui reclamados ya
que aun carecerian de los especificos sustituyentes que se reclaman con el

capitulo reivindicatorio modificado.

En ese orden de ideas, es claro que el sefior Examinador tampoco proporciona
razones técnicas que expliquen como la adicion de un sustituyente aminoacido de D1
en los compuestos revelados en el documento D2, puede dar lugar a nuevos
compuestos con una importante actividad antiviral. Tal y como se demostro a través
del andlisis en este memorial, dicha actividad se encuentra atribuida a la sustitucion
del sustituyente R® en la posicidon 2'de la ribosa. Ya que ninguno de los dos
documentos presenta una sustitucion en dicha posicién, la persona versada en la
materia no podria basarse en sus ensefianzas para aplicar la sustitucion a dicho

radical y obtener los compuestos con actividad antiviral.
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En vista de todo lo anterior, es evidente que las ensefianzas del documento D2
de ninguna manera complementan las ensefianzas de D1 para llegar a los
compuestos de la invencién, mucho mas si se tiene en cuenta que el documento D2

no hace mencién alguna sobre compuestos andlogos de nucleétidos con actividad

antiviral, especifica para el virus de la Hepatitis C.

Consecuentemente, me permito afirmar que se descarta cualquier indicio de
obviedad en las posibles modificaciones a los sustituyentes del compuesto
de formula I y se evidencia el nivel inventivo de los fosforoamidotioatos

analogos de nucledtidos de la nueva reivindicacion 1 de la presente

solicitud.

Ahora bien, el punto no es si un experto en la materia podria haber llegado a la
invencion mediante la adaptacion o modificacién de las ensefianzas del documento
D2 mediante las ensefianzas divulgadas en D1, sino que si lo hubiera hecho de esa
manera, ¢por qué el documento D2 le motivé a hacerlo con la expectativa de resolver

el problema técnico objetivo?

Es mas, équé razon tendria la persona versada en la materia para que, a

la luz del problema resuelto por la presente invencion, decidiera modificar
las estructuras resultantes

los compuestos de D2 de manera que
Yy no otro tipo de

comprendan compuesto derivados de formula I,

modificaciéon?

En conexidn con lo anterior, muy respetuosamente me permito sefialar que la
Unica motivaciéon que tendria la persona versada en la materia para hacer esta
particular modificacidn seria la revelacién hecha por la presente invencion, por lo que
el analisis de nivel inventivo realizado por el Sefior Examinador estd enmarcado
dentro de lo que en el ambito de las patentes se conoce como “hindsight” o andlisis
"Ex post facto". Conociendo de antemano la invencidn, el Sefior Examinador esta
seleccionando partes especificas de las ensefianzas contenidas dentro del documento
D1, las cuales modifica de forma que permiten construir la materia reclamada por la
reivindicacion 1 de la presente solicitud. Dichas acciones o modificaciones de ningtn

modo podrian ser evidentes para la persona versada en la materia en el momento en

el cual se desarrollé la invencion.

En este sentido, vale la pena resaltar que, al tener conocimiento de la
invencion, es de esperarse que dichas modificaciones particulares de las ensefianzas

de D2 parezcan obvias, toda vez que ya se sabe de antemano que efectivamente
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estas sustituciones resuelven el problema planteado. Sin embargo, esta informacién
no era conocida por el inventor en el momento de desarrollar la invencion, por lo que

no podria tener certeza de la utilidad de realizar estos pasos.

En vista de este sefialamiento, y a la luz de lo discutido en el presente
memorial, me permito resaltar que al no “"saltar a la vista de manera clara y directa”
a partir de la combinacion de los documentos D1 y D2 un compuesto de formula I,
como el considerado en la presente invencién, y al no tenerse “certeza clara y
manifiesta” de que dicho compuesto conservaria el efecto antiviral en contra del virus
de la Hepatitis C, es claro que los documentos D1 y D2 no pueden de ninguna

manera afectar el Nivel Inventivo de la solicitud en estudio.

5. CONCESION DE LA PRESENTE SOLICITUD EN OTRAS OFICINAS DE
PATENTES.

Finalmente y aparte de lo mencionado hasta el momento en el presente
recurso, atentamente me permito resaltar ante ese Despacho que la materia
revelada en la solicitud de patente en cuestién ha sido considerada como materia
patentable por parte de los examinadores de la USPTO, y como consecuencia de ello
ha sido concedida la patente US 8,871,737 . Adjuntamos al presente recurso copia
del documento de dicha patente americana y de la decision de conceder una patente
americana (Notice of Allowance).

Asi las cosas, considero de gran importancia resaltar el hecho particular de que
la patentabilidad de la solicitud ha sido reconocida por los Examinadores de la
USPTO, teniendo en cuenta, lo establecido en la Resolucion Nimero 54093 de 2012,
la cual en su numeral 1.2.2.5.21, establece el "Reconocimiento de exédmenes de
patentabilidad de solitudes extranjeras”, y de donde se desprende la posibilidad de
que a pesar de la independencia con la que cuenta la SIC, en vista de los recientes
cambios en temas de patentes, ese Despacho ha empezado a darle credibilidad a las
decisiones tomadas por las autoridades de Patentes de otros paises, a través de la
figura del “Patent Prosecution Highway PPH".

En este sentido, Colombia ha firmado el tratado del PPH con Estados Unidos,
permitiendo asi reconocer que a pesar de la independencia de las Oficinas de
Patentes, si una solicitud ha sido reconocida como patentable en dicho pais como en

el presente caso en Estados Unidos, se entiende que la decisidn emitida por dicha
oficina, tiene mas peso y puede ser tenida en cuenta a la hora de revisar la
patentabilidad de una solicitud.
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Por lo anterior, respetuosamente solicitamos a ese Despacho, que a la hora de
revisar este caso, tenga en cuenta el resultado emitido por otra Autoridad de Patente
como lo es la USPTO, y que el mismo sea considerado como un indicio fuerte de que
la presente solicitud si cuenta con los requisitos de patentabilidad exigidos por la
normativa andina.

II. CONCLUSION

Con base en los argumentos técnicos mostrados previamente me permito
manifestar ante ese Despacho que el capitulo reivindicatorio actualmente presentado
goza de un inequivoco caracter novedoso frente a las ensefianzas de los documentos
D1 y D2, razén por la cuales dicha materia es clara merecedora del privilegio de

patente solicitado.

Asi mismo me permito manifestar que el nuevo capitulo reivindicatorio cumple a
cabalidad con las disposiciones de claridad exigidas por el articulo 30 de la Decision
486 de 2000, respectivamente.

III. PETICION

En vista de todo lo anterior, ruego a usted proceder a estudiar nuevamente la
solicitud a la luz de las modificaciones y argumentaciones presentadas, y proceder a !
revocar la Resolucion Niumero 2763, con el fin de que se conceda el privilegio de :

patente solicitado..
IV. PODER

En este punto me permito mencionar ante ese Despacho, que el documento qué
acredita mi calidad de Representante Legal en Bogota para asuntos relativos a Ié
Propiedad Industrial de la sociedad peticionaria, fue presentado mediante m|
memorial de 23 de Mayo de 2013. /

V. ANEXOS
Anexo al presente recurso me permito presentar:

i) Para la solicitud original los anexos tal como fueron especificados enj el

punto 1. , literal b), i

ii)  Para la solicitud divisional los anexos tal como fueron especificados eh la
punto 1. , literal b), ii. :
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VI. DOMICILIO

Mi direccidn es Calle 72 No. 5-83, Piso 6°, Bogotd D.C.

| %EDA RICAURTE
T.P. 53.215

Del Sefior Superintendente,

Direccién para Notificaciones: notificacionespatentés@|Ioredacamacho.com
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REIVINDICACIONES

1. Un compuesto de Férmula (I), o una sal farmacéuticamente aceptable del

mismo:;

en donde:

B' es una base de purina opcionalmente sustituida o una base de pirimidina
opcionalmente sustituida;

R' se selecciona del grupo que consiste en un aminoacido opcionalmente
sustituido enlazado en el atomo de N y un derivado éster de un aminoacido
opcionalmente sustituido enlazado en el atomo de N;

R? se selecciona del grupo que consiste en benceno, naftaleno y azuleno.

R*® y R* se seleccionan independientemente de hidrégeno, deuterio o metilo;

R* es hidrogeno;

R® se hidrogeno;

R® se selecciona del grupo que consiste en hidr()geno,_ halégeno, -OR" vy -
OC(=0)R™;

R’ se selecciona del grupo que consiste en hidrogeno, haldégeno, -OR™ vy -
OC(=O)R'S: |

& 7 . . , .
0 R”y R" son ambos atomos de oxigeno y estan enlazados entre si mediante un
grupo carbonilo;

R" se selecciona del grupo que consiste en halégeno y un alquilo Cy.¢ no sustituido:
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R® es hidrégeno;
R' y R" son independientemente hidrégeno y un alquilo C.¢ no sustituido; y

R"™y R" son independientemente un aiquilo C1.s no sustituido o un cicloalquilo Cs.

no sustituido; y

en donde, cuando un sustituyente esta sustituido, esta sustituido por un grupo
individualmente e independientemente seleccionado de alquiloC+., alqueniloCa.s,
alquiniloC4.6, cicloalquiloCs.g, cicloalquenilo, ariloCs.10, heteroarilo, heteroaliciclilo,
(aril)alquiloCy.4, (heteroaril)alquiloCy.4, (heteroaliciclil)alquiloC4.4, hidroxi, alcoxi,
ariloxi, acilo, ciano, halégeno, nitro, sulfonilo, un amino, un grupo amino mono-

sustituido y un grupo amino di-sustituido.

2. El compuesto de la reivindicacion 1, en donde R? es un fenilo opcionalmente

sustituido.

3. El compuesto de cualquiera de las reivindicaciones 1 o 2, en donde R’ es un

a-aminoacido unido a N opcionalmente sustituido

4. El compuesto de cualquiera de las reivindicaciones 1 0 2, en donde R es un

derivado de éster de a-aminoacido unido a N opcionalmente sustituido.

5. El compuesto de cualquiera de las reivindicaciones 1 o 2, en donde R’ se
selecciona del grupo que consiste en alanina, asparagina, aspartato, cisteina,

glutamato, glutamina, glicina, prolina, serina, tirosina, arginina, histidina, isoleucina,

leucina, lisina, metionina, fenilalanina, treonina, triptéfano, valina y derivados de

éster de los mismos.

6. El compuesto de la reivindicacion 5, en donde R' se selecciona del grupo que
consiste en éster isopropilico de alanina, éster ciclohexilico de alanina, éster

neopentilico de alanina, éster isopropilico de valina y éster isopropilico de leucina.

7. El compuesto de cualquiera de las reivindicaciones 1 o 2, en donde R tiene
la estructura

14



. 257

RZZO R23 R24

>/._l<

g HN——%

en donde R* se selecciona del grupo que consiste en hidrogeno, un alquilo C1.¢
opcionalmente sustituido, un cicloalquilo Cs.s opcionalmente sustituido, un arilo
opcionalmente sustituido, un aril(alquilo Ci¢) opcionalmente sustituido y un
haloalquilo opcionalmente sustituido; R% se selecciona del grupo que consiste en

hidrogeno,  un alquilo C4¢ opcionalmente sustituido, un  haloalquilo Ci¢

opcionalmente sustituido, un cicloalquilo C3¢ opcionalmente sustituido, un arilo Cg

opcionalmente sustituido, un arilo C4o opcionalmente sustituido y un aril(alquilo C+.

) opcionalmente sustituido; y R%* es hidrégeno o un alquilo C4.4 opcionalmente :

sustituido; o R® y R* se toman juntos para formar un cicloalquilo Cag

opcionalmente sustituido.

8. E! compuesto de la reivindicacion 7, en donde R® es un alquilo Cig
opcionalmente sustituido. |

9. El compuesto de la reivindicacion 8, en donde el alquilo Cq.¢ opcionalmente

sustituido es metilo‘

10. El compuesto de cualquiera de las reivindicaciones 7 a 9, en donde R** es
hidrégeno. ” |

11. El compuesto de cualquiera de las reivindicaciones 7 a 10, en donde R* es

un alquilo Cis opcionalmente sustituido o un cicloalquilo Cs.s opcionalmente
sustituido.

12. El compuesto de la reivindicacion 7, en donde
R220 R23 R24

<

I

15
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13. El compuesto de la reivindicacion 12, en donde
Rzzo R23 .R24
o HN’——%

b

o) HN""%
€es

14. El compuesto de cualquiera de las reivindicaciones 1 a 13, en donde R® es
metilo.

15. El compuesto de cualquiera de las reivindicaciones 1 a 14, en donde ambos
R* y R* son hidrégeno. |

16. El compuesto de cualquiera de las reivindicaciones 1 a 15, en donde R® es —
OH o -OC(=0)alquilo C1; y donde R’ es ~OH, -OC(=0)alquilo C1. o halégeno; o

R® y R’ son ambos &atomos de oxigeno y estan unidos mediante un grupo

carbonilo.

17. El compuesto de cualquiera de las reivindicaciones 1 a 16, en donde B! se

selecciona del grupo que consiste en;

16
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Sqe fx

R es hidrégeno, haldgeno o metilo;
R®? es un alquilo C1.¢ no sustituido; y
R"2 es hidrégeno o NH,.

18. El compuesto de la reivindicacién 17, en donde B' és‘

19. El compuesto de la reivindicacion 1, en donde el compuesto de Formula (1) se

selecciona del grupo que consiste en:

17
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o una sal farmacéuticamente aceptable de los anteriores.

20. El compuesto de la reivindicacion 1, en donde el compuesto de Formula () es

o una sal farmacéuticamente aceptable del mismo.

21. El compuesto de la reivindicacion 20, en donde el compuesto de Férmula (1)

es

0 una sal farmacéuticamente aceptable del mismo.
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22. El compuesto de la reivindicacion 20, en donde el compuesto de Formula (1)
es

o una sal farmacéuticamente aceptable del mismo.

23. El compuesto de la reivindicacién 1, en donde el compuesto de Férmula (1) es

Vi [.(NH
o-¢
)\ i IEHO O N/&O
VL
HO OH

o una sal farmacéuticamente aceptable del mismo.

24. El compuesto de la reivindicacion 23 en donde el compuesto de Férmula (1)
es

- 0 /<S [/( NH
o A

0 una sal farmacéuticamente aceptable del mismo.

25. El compuesto de la reivindicacion 23 en donde el compuesto de Formula )]
es
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o una sal farmacéuticamente aceptable del mismo.

26. Una composicion farmacéutica que comprende una cantidad
terapéuticamente efectiva de un compuesto de cualquiera de las reivindicaciones 1
a 25, o una sal farmacéuticamente aceptable del mismo, y un portador, diluyente,

excipiente farmacéuticamente aceptable o combinacién de los mismos.

25
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Abstract

Chutes and Ladders is an exciting up-and-down-again game in which players race to be the first to
the top of the board. Along the way, they will find ladders to help them advance, and chutes that
will cause them to move backwards, The development of nucleoside analogs for clinical treatment
of hepatitis C presents a similar scenario in which taking shortcuts may help quickly advance a
program, but there is always a tremendous risk of being sent backwards as one competes for the
finish line. In recent years the treatment options for chronic hepatitis C virus (HCV) infection have
expand due to the development of a replicon based in vitro evaluation system, allowing for the
identification of multiple drugable viral targets along with a concerted and substantial drug
discovery effort. Three major drug targets have reached clinical study for chronic HCV infection:
the NS3/4A serine protease, the large phosphoprotein NS5A, and the NS5B RNA-dependent RNA
polymerase. Recently, two oral HCV protease inhibitors were approved by the FDA and were the
first direct acting anti-HCV agents to result from the substantial research in this area. There are
currently many new chemical entities from several different target classes that are being evaluated
worldwide in clinical trials for their effectiveness at achieving a sustained virologic response
(SVR) (Pham et al., 2004; Radkowski et al., 2005). Clearly the goal is to develop therapies leading
to a cure that are safe, widely accessible and available, and effective against all HCV genotypes
(GT), and all stages of the disease. Nucleoside analogs that target the HCV NS5B polymerase that
have reached human clinical trials is the focus of this review as they have demonstrated significant
advantages in the clinic with broader activity against the various HCV GT and a higher barrier to
the development of resistant viruses when compared to all other classes of HCV inhibitors.
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1. In,troductibn

The hepatitis C virus (HCV) was identified in 1989 as a member of the Flaviviridae family
of positive-stranded RNA virus (Choo et al., 1989). Infection of a human host by HCV
results in a serious infection affecting about 3% of the worldwide population, according to
the World Health Organization (WHO). The WHO also estimates that 4 million people
contract HCV each year (WHO, 2012). Although the early stages of HCV infection are
usually asymptomatic, and about 20% of infected individuals will naturally clear the virus, a
‘majority of infections progress to chronic infection. A significant number of chronically
infected individuals will eventually develop more serious liver problems such as cirrhosis,
hepatocellular carcinoma (HCC), or liver failure requiring liver transplantation (Darby et al.,
1997, Poynard et al., 2000; Tong et al., 1995). The global health burden of HCV-associated
morbidity and mortality is expected to increase substantially during the next decades, as
many chronically infected individuals progress to end stage disease with associated
complications (Davis et al., 2003; Manns et al., 2007). In fact, in industrialized nations,
HCV infection is already the leading cause for liver transplantations. Unfortunately, re-
infection-of the transplanted liver from an unknown reservoir often occurs post-
transplantation (Hoofnagle, 1997). The virus is transmitted parenterally by contaminated
blood most often from sharing contaminated needles, but also from improper sterilization of
medical, dental, body piercing, or tattoo equipment. Heterosexual transmission and vertical
transmission (infected mother to her child during the birthing process) of HCV can also
occur, but are rare (Fishman et al., 2009; Ghosn et al., 2009). Sexual practices that involve
higher levels of trauma to the anogenital mucosa or that occur when there is a concurrent
sexually. transmitted infection, such as HIV or genital ulceration, do present a higher risk of

HCV transmission (Tohme and Holmberg, 2010).

Three major drug targets have reached evaluation in humans for chronic HCV infection
(Famik and Zeuzem, 2012; Schaefer and Chung, 2012): the NS3/4A serine protease, the
large phosphoprotein NS5A and NS5B RNA-dependent RNA polymerase (RdRp) (Bobeck
et al., 2010; De Francesco and Migliaccia, 2005; Huang et al., 2006). The majority of drugs
that target the HCV NS3/4A serine protease are peptidomimetics and represent the only two
FDA approved direct acting antiviral agents for treatment of HCV infection. Although the
-ultimate role of NS5A in the HCV replication cycle is not fully understood, the 49 kDa
NSS5A protein is required for HCV replication as it is part of the membrane bound
replication complex (Lemon et al., 2010). The two main categories of HCV NS5B RdRp
inhibitors are non-nucleoside and nucleosxde analog inhibitors (Brown, 2009; Burton and
Everson, 2009; Legrand-Abravanel et al., 2010), which differ in their chemical structure,

barrier to resistance, pan-genotypic activity and mode of action.

The current FDA-approved treatments for chronic HCV are limited to pegylated interferon-
a (IFN) alone or in combination with ribavirin (RBV) with or without protease inhibitors
(P1) boceprevir (Victrelis®) and telaprevir (Incivek®) (Fig. 1) (Hughes and Shafran, 2006;
Pan et al., 2012; Sheridan, 2011). Non-pegylated IFNs have also been approved including
the recombinant IFN alfaconl and natural IFN, purified from the leukocyte fraction of
human blood, multiferon. Unfortunately, these treatments have limited efficacy for the GT1
population, which is the most prevalent GT in the US and China and emphasize the urgent
unmet medical need for new improved therapeutic agents that are pangenotypic (Manns et
al.; 2001; McCown et al., 2008). These treatments also have major side effects including
depression, low red and/or white blood cell counts, central nervous syste‘m toxicity, fatigue,
headache, flu-like symptoms, mild alopecia, thyroid dysfunction, itching, swelling of the
face, eyes, lips, tongue, or throat, skin rashes, hemorrhoids, diarrhea and teratogenic effects
(Fried, 2002; Gaetano and Reau, 2013; Gordon and Keller, 2005; Hezode et al., 2012;

Antiviral Res. Author manuscript; available in PMC 2015 February 0].
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Keicher et al., 2005; Koch and Narjes, 2007; McHutchison et al., 2002; Pawlotsky, 2003;
Wong and Lee, 2006).

In the clinic, the primary treatment goal for chronically infected HCV (CHC) persons is
lifelong clearance of detectable HCV infection. When new anti-HCV chemical entities are
evaluated in clinical trials, the prediction of lifelong clearance of HCV infection is often
assessed by a surrogate endpoint termed sustained virologic response (SVR). SVR is
determined at > 12 weeks after discontinuation of antiviral therapy and defined as non-
detectable HCV RNA in serum that is measured by sensitive assays such as a polymerase
chain reaction (PCR) based determination. Two earlier predictors of SVR during clinical
trials are rapid virologic response (RVR) and early virologic response (EVR) which are
defined as reduction of serum HCV RNA to PCR-non-detectable levels by week 4 and
achievement of > 2 log ;¢ reduction in serum HCV RNA level by week 12, respectively. Not
all persons who eventually achieve an SVR will have met the EVR or RVR milestones and
conversely reaching any or all of these three categories do not guarantee lifelong clearance
of detectable HCV infection. However, these guidelines are predictive of ultimate therapy
success and help clinicians determine, for example, if persons with significant side effects
that fail to achieve EVR or RVR should discontinue treatment.. :

Nucleoside analogs that target the HCV NS5B polymerase that have reached human clinical
trials will be the focus of this review as they have demonstrated significant advantages in the
clinic with broader activity against the various HCV GT and a higher barrier to the
development of resistant viruses when compared to all other classes of HCV inhibitors
(McCown et al., 2008). The HCV NS5B polymerase catalytic site is highly conserved across
the various genotypes resulting in little variation of potency of the nucleoside triphosphate
inhibitors that target this protein (Asselah and Marcellin, 2012; Waheed et al., 013).
Selection of HCV mutants in vitro has been quite difficult with most nucleoside inhibitors
and selected mutants have been found markedly unfit with little to no clinical significance
(Najera, 2013; Tong et al., 2013). There have been several nucleoside analogs discovered
that exhibit selective anti-HCV activity, most with modifications at the 2’ and/or 4’ positions
of the ribose sugar. However, nucleoside analogs as a class have potential problems such as
poor passive cellular permeability and the modified nucleoside may not be a suitable
substrate for the three successive cellular kinases that are necessary to transform it to the
biologically active nucleoside analog triphosphate (NTP) (Fig. 2). Since HCV lacks
nucleoside kinase expression, conversion to the biologically active nucleoside analog
triphosphate relies on the human cellular kinases (Meppen et al., 2009). In addition, antiviral
activity of nucleoside analogs is heavily influenced by the levels of natural ANTP or INTP
(Fig. 2) since they compete for incorporation by viral polymerases. Nucleoside analog
inhibitors of viral RNA polymerization have the additional challenge.of 10 to 100 times
higher levels of INTPs relative to the corresponding dNTP (Kennedy et al., 2010; Medivir,
20114, b; Traut, 1994), Additionally, another significant obstacle in the development of
nucleoside analogs for HCV therapy is their potential to be substrates and/or inhibitors of
host polymerases. As an example, in the recent unfortunate events related to the 2’ -methyl
substituted guanosine analogs IDX 184 and INX-189, the human mitochondrial RNA
polymerase has become of significant concern (Amold et al., 2012).

Prodrugs are defined as a pharmacological substance administered in-an inactive (or
significantly less active) form that is' metabolized into an active metabolite. Prodrugs are
most often employed to improve absorption, distribution, metabolism, and/or elimination
(ADME) properties of the parent pharmacological substance. One of the most common
applications of prodrugs is for a drug that is poorly absorbed through the gastrointestinal
tract to improve oral bioavailability. A prodrug may also be used to improve the selectively
by which the drug interacts with the intended target cells or processes versus those that are

Antiviral Res. Author manuscript; available in PMC 2015 February 01,
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not the drug’s intended target. In the HCV area, nucleoside prodrugs have demonstrated
both improvement of oral bioavailability and the ability to selectively deliver nucleotide
analogs to liver tissue by first pass metabolism. Nucleoside analogs themselves are prodrugs
of the active triphosphate form, which is recognized and incorporated by viral polymerases
or reverse transcriptases. Antiviral activity of a nucleoside analog can often be improved by
conversion to a prodrug as this aids in absorption and/or cellular penetration. In the case of
monophosphate prodrugs, the potential rate limiting initial phosphorylation step is bypassed
leading to higher intraceliular nucleoside analog monophosphate levels which in many cases
leads to significantly higher triphosphate levels that can translate to a significant

‘enhancement in antiviral activity (De Clercq and Field, 2006; Hecker and Erion, 2008; Li et

al., 2008; Poijirvi-Virta and Lonnberg, 2006; Sofia, 2011; Sofia et al., 2010a).

Prodrugs have played a central role in the delivery of active agents to their target tissue with
improved efficiency and fewer side effects for well over 100 years. One of the earliest and
enduring prodrug applications was to salicylic acid which when converted to acylsalicylic
acid (Gerhardt, 1853; Von Gilm, 1859), significantly reduced irritation to the mouth and
gastrointestinal tract (Fig. 3). Salicylic acid has been used for thousands of years to ease pain
and reduce fever, but it was not until the period from 1826 to 1838 that salicylic acid was
isolated by a series of chemists from willow tree bark (Jeffreys, 2005).

‘In 1856 an industrial scale process to make salicylic acid was developed from phenol and

carbon dioxide (Kolbe, 1860; Schmitt, 1885), but interestingly the correct chemical structure
was not assigned until 1869 that the correct chemical structure was assigned (Schroder and
Kraut, 1869). In 1897, approximately 44 years after the first synthesis, acylsalicylic acid was
first prepared by Bayer and in less than two years aspirin was trademarked and was being
sold worldwide. As of 2013 (160 years after the first synthesis) more than 41 kilotons
(metric) of aspirin is consumed annually worldwide. Many modern prodrugs utilize the same
simple ester masking of a free hydroxyl group as a prodrug strategy as is exemplified by 3’-
L-valinyl ester prodrug NM283 (Fig. 4) or 2,3’,5'-triisobutyrate ester prodrug R1626 (Fig.
5) and 3’,5’-diisobutyryl ester prodrug RG7128 (Scheme 4) which are among the first HCV
clinical candidates. '

2. Valopicitabine (NM283): the first clinical HCV nucleoside

21. Préclinical development

2’-C-Methylcytidine (Harry-O’kuru et al.; 1997) also known as NM107 (Sommadossi et al.,
2008; Sommadossi and La Colla, 2001a, b; Sommadossi et al., 2004a; Sommadossi et al.,
2004b, c; Storer et al., 2004), was discovered by Idenix Pharmaceuticals to be a potent
inhibitor of RNA viruses replication such as bovine viral diarrhea virus (BVDV), West Nile
virus (WNV), dengue-2 virus, yellow fever virus (YFV) and subsequently HCV (Kowdley
et al., 2013; Sommadossi and La Colla, 2001b). Despite its broad spectrum in vitro activity,
NM107 displayed low oral bicavailability. To overcome this issue, NM283 (Sommadossi et
al., 2008; Sommadossi and La Colla, 2001a, b; Sommadossi et al., 2004a; Sommadossi et
al., 2004b, c; Storer et al., 2004} also called valopicitabine, the 3’-O-L-valinyl ester prodrug
of NM107, was developed (Pierra et al., 2005). In March 2006, Novartis announced to
exercise its option from Idenix Pharmaceuticals to in-license the late stage development of
valopicitabine. '

2.2. Synthesis of valopiciiabine (NM283)

Large scale synthesis of NM107 and NM283 were achieved from commercially available
D-fructose by first reaction with calcium oxide and then treatment with oxalic acid to give
the key 2/-C-Me-lactone 1. Subsequent benzoylation, reduction of the lactone with Red-Al
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and benzoylation of the lactol 3 afforded compound 4. At this stage, Vorbriiggen type
coupling with cytosine using SnCly as Lewis acid followed by debenzoylation gives access
to NM107. NM283 is finally obtained from NM107 after simple peptidic coupling with N-
Boc-L-valine and Boc-removal under acidic condition (Scheme 1) (Pierra et al., 2005).

2.3. Clinical development

2.3.1. Phase I/ll—In 2004, the first phase I/I1 study of valopicitabine was reported,
wherein 48 subjects received valopicitabine at 50, 100, 200, 400 and 800 mg/day orally once
daily for 15 days with 14 days of follow-up; a subset of subjects received 400 mg twice
daily (Godofsky et al., 2004). During these escalation trials, a dose-related decrease of
serum HCV RNA at Day 16 was observed ranging from 0.15 log; g at the lowest dose to
0.73 log) ¢ at 400 mg/twice daily. At 400 mg/day, 50% of the subjects experienced transient
mild nausea and 20% had vomiting, but all completed treatment without modifications.

2.3.2. Phase lla—Following the discovery of a synergistic antiviral effect against BVDV,
in vivo, between NM107, the parent compound of valopicitabine (NM283) and IFN, a
combination study with treatment-naive subjects involving valopicitabine and IFN was
initiated (Afdahl et al., 2005). Valopicitabine was given for 24 weeks with escalation to 800
mg/day over the first week before IFN was administered (1.0 pg/kg weekly) on Day 8.
Along with a satisfactory tolerance, HCV RNA reductions increased to 3.2 log¢ IU/mL for
the combination treatment group (compared to 1.0 logjo IU/mL for monotherapy group).
Eleven of twelve subjects treated for at least 10 weeks had substantial HCV RNA reductions
superior to 2 logo and four subjects were PCR-negative (<10 IU/mL).

2.3.3. Phase llb—In a Phase IIb clinical trial, a 48 weeks combination of valopicitabine
and IFN was evaluated in treatment-naive subjects with HCV GT1 (Dieterich et al., 2006;
Lawitz et al., 2007). This study was divided into five treatment groups: (A) IFN alone (180
1g QW = once weekly) for 4 weeks, valopicitabine 800 mg/day starting at week 5; (B)
valopicitabine 200 mg/day + IFN (180 pg QW); (C-E) valopicitabine 800 mg/day with
various week 1 induction regimens + IFN (180 jig QW). However, due to high
gastrointestinal (GI) side effects at 800 mg/day dose of valopicitabine, the protocol was
amended to reduce the dose to 200 or 400 mg/day after 14-22 weeks of treatment. The rate
of viral decline was shown to be valopicitabine dose-related through week 4. HCV RNA
was below 600 IU/mL in most subjects by week 12 and below 20 IU/mL by week 24 and 36.
Group B maintained suppression of HCV RNA through week 48 along with satisfactory
tolerability. :

2.3.4. Phase llb—In another Phase IIb trial (Afdahl et al., 2005), a 72 week three arm
combination study involving valopicitabine/IFN in non-responder subjects was designed.
Subjects were randomized to: (A) valopicitabine monotherapy (800 mg/day) and 3
combinations arms: IFN (180 ug SQ/week) with RBV (1,000-1,200 mg/day) + (A)
valopicitabine (400 mg/day); (C) dose escalation 400-800 mg/day; (D) 800 mg/day or IFN/
RBYV retreatment. Again, due to GI issues with the 800 mg/day dose, the maximum dose
was reduced to 400 mg/day. At week 48, HCV RNA suppression of treated persons with
doses of 800 mg/day or escalated-dose 400 to 800 mg/day of valopicitabine, was 6 fold

greater (0.8 log)g) than IFN/RBV treatment demonstrating the potency of valopicitabine for
the treatment of non-responder persons. :

2.4. Conclusions

Twelve days after Idenix announced on July 15¢2007, that a triple therapy with
valopicitabine and IFN/RBV cleared HCV RNA in 72% of subjects after 12 weeks of
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treatment, the FDA requested that the clinical trials on valopicitabine be discontinued due
“to the overall risk/benefit profile observed to date in clinical testing” (Idenix, 2007). From
the beginning, this drug as plagued with Gl issues and unfortunately was not potent enough
to be used alone or even when combined with the standard of care (IFN/RBV).

3. R1479 and its prodrug R1626: balapiravir

3.1. Preclinical development

Discovered and developed by Hoffmann-La Roche, Inc., but aided by technology and
compound libraries obtained by the 1994 purchase of Syntex Research, the 4’-azidocytidine
derivative R1479 (Ahmed et al., 2007; Connolly et al., 2005; Devos et al., 2002; Harrington
et al., 2008; Martin et al., 2004) was identified as a potent and selective inhibitor of HCV
RNA polymerase. R1479 displayed an ECsg of 1.3 uM in an HCV replicon system and did
not exhibit cytotoxic or cytostatic behavior in the Huh-7 replicon cell line (Smith et al.,
2007). The triphosphate form of R1479 was found to be a substrate for HCV polymerase
and it inhibited RNA chain extension after incorporation as a non-obligatory chain
terminator with an ICsq of 320 nM (Klumpp et al., 2006). In vitro and in vivo assessment of
R1479 revealed that like many other nucleoside analogs, R1479 was a polar molecule with a
low aqueous solubility of 10 mg/mL that led to limited absorption after oral administration
(Alfredson et al., 2006; Toniutto et al., 2008). Further, R1479 exhibited low Caco-2
permeability [(Artursson et al., 1996); Caco-2 cells are used as a model system to predict
intestinal epithelial permeability] and oral bioavailability values ranging from 22% in
monkey to 89% in rat. Oral absorption in human clinical studies showed 6-18% based on
urine recovery. ‘

Consequently, prodrug approaches were investigated (Alfredson et al., 2006) to improve the
oral bioavailability of R1479. Prodrug approaches that increase lipophilicity of a compound
increase the potential for passive transport across cellular membranes and thus potentially
improve absorption and transport across cellular membranes. The first approach focused on
using esters and amides at the 2; 3’ or 5’ positions of sugar to increase the lipophilicity, the
second approach focused on increased lipophilicity with liver targeted cleavage using
carbamate prodrugs at N4 position of cytosine and the third approach focused on amino acid
esters to potentially target the PepT1 transporter for increased active intracellular transport.
A five-fold increase in plasma exposure was observed with tri-isobutyrate ester prodrug
R1626 (Ahmed et al., 2007; Connolly et al., 2005; Devos et al., 2002; Harrington et al.,

! 2008; Martin et al., 2004) in oral bioavailability in rats and monkeys. Further, results from

. e Caco-2 experiments (Brandl et al., 2008) indicated that the hydrolysis of the prodrug is rapid
' and converted to R1479 by esterases in gastrointestinal epithelial cells. Exceptional
enhancement of dose proportionality combined with a 3-fold enhancement of plasma
exposure both in human studies versus oral administration of R1479 resulted in the selection

g o of tri-isobutyrate ester prodrug R1626 for further clinical evaluation.

= 3>

?:> 3.2. Synthesis of R1479 and its prodrug balapiravir (R1626)

;D" The synthesis of 4’-azidocytidine (R1479) (Connolly et al., 2005) and its triisobutyrate ester
o prodrug R1626 (Sarma, 2007) is outlined-in Scheme 2. Starting from uridine, 5'-iodo uridine
§§ was prepared then base eliminated to the 4-exocyclic methylene nucleoside analog 7.
kg Addition of iodoazide across the double bond and benzoylation gave the 5’-iodo,4’-azido
TN bis-benzoylated nucleoside 8. Oxidative displacement of the 5-iodo gave the 5'-m-

chlorobenzy! ester 9 that was converted to the cytidine analog and debenzoylated to give
R1479. R1626 was then formed in good yield by reaction with isobutyric anhydride in the
presence of potassium hydroxide (Scheme 2).

205
=2
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3.3. Clinical development

3.3.1. Phase |—Starting in 2006, balapiravir (R1626) was given to healthy subjects in
single doses from 500 mg to 12,000 mg to evaluate the safety, tolerability and
pharmacokinetics. High levels of R1479 was found in plasma accompanied by low levels of
both mono and diester analogs. R1479 was found in plasma in a linear amount proportional
to all doses studied. Forty healthy male subjects (13 to 34 years old) were randomized 3:1
for treatment with R1626 or placebo and were followed up for 7 days. The most common
reported adverse effects were headache and irritation at the site of ECG electrode
application. The phase I study concluded that balapiravir was efficiently absorbed, rapidly
converted to R1479 and was tolerated up to a dose of 12,000 mg when orally administered
in healthy subjects (Robson et al., 2007). '

13.3.2. Phase Ib—This clinical trial was designed to study the effect of R1626

administered as monotherapy in HCV-infected persons. A total of fourty-seven GT 1
subjects were randomized to oral treatment of R1626 with doses of 500, 1,500, 3,000, 4,500
mg and placebo for 14 days (Roberts et al., 2008). As seen in the phase I study, after oral
administration, R1626 was efficiently converted to R1479 with dose proportional
pharmacokinetics observed over the entire dose range. The mean viral concentration at
baseline was 6.3 log)o IU/mL, after 2 weeks of dosing; the mean (and median) viral
concentration decreased by 1.2 (0.8), 2.6 (2.7) and 3.7 (4.1) log; at 1,500, 3,000 and 4,500
mg, respectively. R1626 was generally well tolerated up to 3,000 mg twice a day with mild
side effects and no serious adverse events. However, there were incréased adverse events at
the highest dose of 4,500 mg BID. The main adverse effect seen was reversible, mild to
moderate hematological changes. This study resuited in a maximum dose of 3,000 mg twice
a day for R1626 in all future clinical trials. The study concluded that treatment with R1626
as monotherapy significantly reduced plasma HCV viral load.

3.3.3. Phase lla—In this study drug resistance, efficacy and safety of the combination
therapy of R1626 along with IFN with and without RBV was studied over four weeks in
107 GT1 treatment-naive patents. Subjects were randomized to 1,500 mg or 3,000 mg BID
of R1626 with IFN or 1,500 mg BID with RBV. Control group received standard of care
(SOC) as IFN and RBV (Pockros et al., 2008). After the four-week treatment period all four
arms continued on SOC out to 48 weeks. Results were promising at week 4 with
undetectable HCV RNA (<15 [U/ml) in 29%, 69% and 74% of subjects receiving 1,500 mg
BID dual therapy, 3,000 mg BID dual therapy, and 1,500 mg BID triple drug therapy,
respectively, compared with 5% in the SOC arm. Sequence analysis of the entire NS5B
coding region of the samples from these subjects revealed no known R1479 resistance
mutations (S96T or S96T/N142T) when compared with the baseline sequence. The main
adverse event noted was grade 4 neutropenia that occurred in 50% of the persons in the
R1626 treatment groups and occurred with 78% of the persons-in the 3,000 mg BID group
compared to 10% in the SOC arm. Overall, this study had safety concerns related to the
drug; however, most AEs were mild (80%) or moderate (16%), but 4% were rated as severe.
Strong synergistic antiviral effect was seen with R1626, IFN and RBYV, which suggested
that the dose of one or more of these drugs could be lowered to improve the tolerability
without significantly compromising efficacy. '

3.3.4. Phase 1lb—This double-blind phase II trial assessed the optimal treatment protocol
for balapiravir plus IFN/RBV (Nelson et al., 2012). Seven arms of treatment-naive GT1
infected subjects (N = 516) were randomized and received balapiravir 500, 1,000, or 1,500
mg twice daily, IFN 180 or 90 pg/week and RBV 1,000/1,200 mg/day or IFN/RBV. Safety
concerns reduced the planned treatment duration with balapiravir from 24 to 12 weeks.
From week 2 to week 12 undetectable HCV RNA was more common in all balapiravir
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groups. Ultimately, the efficacy assessment was compromised by high rates of dose
modifications and discontinuations, which resulted in similar SVR rates in the balapiravir
groups (32-50%) and IFN/RBV group (43%). Balapiravir showed dose related serious
adverse events (especially hematological, infection, ocular events) and discontinued for
safety reasons in 28-36% of patients (most often for lymphopenia). Balapiravir was
considered possibly related to two deaths in the balapiravir/IFN/RBV combination groups.

yduosnuel 10UINY Yd-HIN

3.4, Conclusions

In Oct-2008, following an unacceptable benefit to risk ratio revealed in later Phase IIb study
and lack of superior efficacy, R1626 was withdrawn from further consideration of future
drug development in the treatment of chronic hepatitis C (Klumpp and Smith, 2011; Roche,
2008). Interestingly, R1626 was evaluated in adult patients infected with dengue virus in a
double-blind placebo controlled trial at 1,500 and 3,000 mg BID for five days. In August
2012, Roche reported R1626 to be well tolerated but it demonstrated no viremia
improvement versus the placebo arm (Nguyen et al., 2013). In our hands the parent 4’-

3 azidocytidine nucleoside was a weak inhibitor in the HCV replicon system (ECsg= 11 pM

? . . and ECgq = 32 uM) and it is unclear why this drug was selected to be developed in humans.

4. RG7348 (MB11362)

A collaboration and license agreement between Metabasis Therapeutics, Inc. and Roche
began in 2008 for the development of new treatments for HCV infection utilizing pre-
clinical candidate MB11362 and the proprietary HepDirect® liver-targeting technology. The
lead HepDirect nucleoside, renamed RG7348, was declared a clinical candidate in the
second quarter of 2009. In January 2010, Ligand acquired Metabasis and subsequently,
Roche advanced RG7348 into Phase I clinical studies (Ligand, 2010).

4.1. Preclinical development

The structure of RG7348 has not yet been disclosed, but it is known that it is a double
prodrug that acts as a potent and selective HCV NS5B polymerase inhibitor (Nieforth et al.,
2012). RG7348 was designed to provide high intra-hepatic levels of 4’-azidouridine
triphosphate (Fig. 6). Very little preclinical data has been disclosed for RG7348. After oral
dosing, the double prodrug was subsequently transformed by esterases and CYP3A4
(cytochrome P450 3A4) to 4-azidouridine monophosphate 10, which was converted by

kinases to the active 4’-azidouridine triphosphate 11, a potent and selective inhibitor of HCV
polymerase.

dussnuepy Joyny Vd-HIN.

4.2. Clinical development

4.2.1. Phase |I—In 2012 Nieforth and co-workers reported a Phase I study on safety,
pharmacokinetics.(PK) and anti-HCV activity for GT1 subjects with RG7348. The study
was a randomized, double-blind, placebo-controlled single ascending dose study in healthy
subjects (part A: 60 subjects with 12/placebo and 8/cohort receiving 15 mg, 50 mg, 150 mg,
300 mg, 600 mg and 1,200 mg), and multiple dose study in chronic HCV GT1 subjects (part
B: 12 male subjects: 4/placebo and 8/RG7348 150 mg BID). After RG7348 dosing, C,ax
and AUC¢ for (10) and (11) increased dose proportionally from 15 to 150 mg and less than
dose proportionally at higher doses. RG7348 was well tolerated in chronic HCV persons in
this proof-of-concept study. Although RG7348 was a novel liver-targeted HCV nucleotide
polymerase inhibitor, which demonstrated promising safety and PK, there was limited
observed antiviral effect (mean reduction in HCV RNA <0.8 log o IU/mL at all time points)
at the dose studied.

JduosnUBI JOWINY Vd-HIN
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4.3. Conclusions

In November 2010, Roche terminated the HCV development with Ligand. There was no
statement from either company that explained the basis of this decision. In January 2011,
Ligand Pharmaceuticals Inc. announced a strategic relationship with Chiva Pharmaceuticals
to develop multiple Ligand assets. Chiva was granted a non-exclusive HepDirect®
technology license for the discovery, development and commercialization of new
compounds for HCV treatment, including RG7348. No other advances for RG7348 have
been reported to date. Although the HepDirect technology seemed interesting, it never
delivered on the promise to be liver specific and to add value to the nucleoside analogs
studied.

5. PS1-6130

5.1. Chemical synthesis

B-D-2’-Deoxy-2'-fluoro-2/-C-methyl-cytidine (PSI-6130) was conceived from a
combination of 2’-methyl of the HCV active NM107 with the non-selective 2'-deoxy-2’-
fluorocytidine (Cedilote et al., 2008; Clark, 2005). Also, at about the same time, Pharmasset
scientists discovered the modest anti-HCV activity of gemcitabine which was another 2/~
disubstitued nucleoside (Stuyver, 2003). PSI-6130 was first synthesized from commercial
available cytidine in about 3% total yield (Clark et al., 2005), but a more efficient,
diasteroselective and scalable process was developed using commercially available
isopropylidene protected D-glyceraldehyde (Wang et al., 2009). Thus, Wittig type reaction
was performed with aldehyde 12 to give the unsaturated derivative 13 (Scheme 3). After
oxidative dihydroxylation, compound 15 was selectively fluorinated. Cyclisation of ester 16
under acidic conditions gave lactone 17, which after benzoylation, reduction of the lactone
and further acetylation gave the key sugar 19. Finally, introduction of the cytosine base

under Vorbriiggen type coupling condition and complete debenzoylation afforded PSI-6130
in a 6.4% overall yield. '

5.2. Preclinical development

PSI-6130 is a potent and specific HCV RNA-dependent RNA polymerase. (RdRp) inhibitor
with ECgg of 5.4 + 2.6 uM in Huh-7 replicon cells (Clark et al., 2005; Stuyver et al., 2006).
It is interesting to note that just a few years earlier the commonly used BVDV surrogate
assay would not have identified the anti-HCV activity of PSI-6130 because PSI-6130 was
found to be highly specific for HCV over other RNA or DNA viruses. The ' -triphosphate of
PS1-6130 was found to be equally active against the wild-type GT1b replicon clone and the
S282T mutant replicon (Murakami et al., 2007). PSI-6130 showed no apparent cytotoxicity
against various cell types, including human bone marrow and human peripheral blood
mononuclear cells. No mitochondrial toxicity was observed with PSI-6130 (Stuyver et al.,
2006). An in vitro triple combination study of PSI-6130 with IFN and RBV at 1:1:1 ratio
indicated synergistic antiviral effect, with no apparent cytotoxicity effects with any of the
combinations tested (Bassit et al., 2008). Cell-based metabolism studies with primary human
hepatocytes indicated that PSI-6130 is a unique compound that gives rise to two nucleoside
triphosphates that are both potent inhibitors of the HCV RdRp (Fig. 7) (Ma et al., 2007;
Murakami et al., 2007; Murakami et al., 2008). PSI-6130 can be converted to an inactive
uridine analog PSI1-6206 (also known as R02433) by human cytidine deaminase (CDA) and
to PSI-6130-MP by human 2’-deoxycytidine kinase (dCK), respectively. The formed
PSI-6130-MP produced two active nucleoside triphosphates through two separate pathways.
Thus, phosphorylation of PSI-6130-MP to the 5/-di- and 5’ -triphosphates was catalyzed by
uridine-cytidine monophosphate kinase (YMPK) and nuqleoside diphosphate kinase
(NDPK), respectively. In addition, metabolism studies with PSI-6130 shoWed that the
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monophosphate of PSI-6130 was deaminated by 2’-deoxycytidylate deaminase (DCTD) to
the uridine monophosphate derivative by and subsequently anabolized to the 5'-triphosphate
R02433-TP by YMPK and NDPK in a second pathway (Fig. 7). The inactive uridine analog
PSI-6206 is not a substrate for dCK and cannot be converted to PSI-6206-MP directly. The
first cellular activation step to monophosphate is the rate-limited step among the three
phosphorylation steps. Interestingly, the monophosphate species of PSI-6130 and PSI-6206
are very rapidly transformed into their corresponding nucleoside triphosphates, since those
compounds are found at the highest concentration among all phosphate species present.
Finally, PS1-6130-TP was a more potent inhibitor of the wild-type and S282T mutant
polymerase compared to PSI-6206-TP (Ali et al., 2008; Ma et al., 2007; Murakami et al.,
2007). Notably, PSE-6206-TP had a significantly longer half-life than PSI-6130-TP (see

below). .

5.3. Clinical development

Early animal studies involving single-dose pharmacokinetics studies with PSI-6130 in
rhesus monkeys showed low oral bioavailability for PSI-6130 (Asif et al., 2007). An early
phase I study in humans found a significant conversion to the inactive uridine analog
combined with-a bioavailability of 25%.

5.4. Conclusions

Because of these factors, a prodrug strategy was explored to potentially enhance
bioavailability and provide a more selective conversion to PSI-6130-TP. RG7128, a prodrug
of PSI-6130 (refer to Section 6 of this manuscript), was ultimately selected for clinical
evaluation based on its improvements in bioavailability and pharmacokinetics.

6. RG7128 (R7128, RO5‘024048 mericitabine)

6.1. Preclinical development and chemical synthesis

RG7128 (mericitabine) is a 3’,5-diisobutyryl ester prodrug and was prepared directly from
PS1-6130 with isobutyryl chloride in the presence of DMAP and TEA in THF/H;O at 0 °C
(Scheme 4) (Chun et al., 2007).

Mericitabine has excellent oral bioavailability but has very little plasma exposure and is
quickly converted to PSI-6130 in humans. Metabolism of PSI-6130 proceeds by a
bifurcated pathway to more potent triphosphate species PSI-6130-TP and less active uridine
‘analog PSI-6206-TP and both serve as non-obligate chain terminators (Al et al., 2008; Ma
et al., 2007; Murakami et al., 2007; Murakami et al., 2008). The prodrug mericitabine
demonstrated potent inhibition of stable and transient replicons with ECsg values similar to
those of PSI-6130. Both mericitabine and PSI-6130 inhibited HCV GTla (H77 strain) and
GT1b (Conl strain) subgenomic RNA replication, with similar levels of potency (mean
ECsq values, 0.31 uM and 0.51 pM, respectively) (Ali et al., 2008).

6.2. Clinical development

6.2.1. Phase |—In a two week phase | monotherapy clinical study with 32 HCV GT1
patients, mericitabine showed a mean 2.7 log)g reduction in viral RNA with a dose of 1,500
mg BID (Reddy et al., 2007). HCV RNA levels were unchanged at Day 15 in six subjects
who were given oral placebo in this study. In a four week, randomized, placebo-controlled
phase I trial, 88% and 85% of treatment-naive subjects, who were given 1,000 mg or 1,500
mg BID of mericitabine in combination with SOC (IFN/RBYV), achieved undetectable RNA
levels, respectively (Rodriguez-Torres et al.; 2008). By contrast, only 19% subjects in SOC
control group achleved no virus detectable level.
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6.2.2. Phase llb—In one of the phase IIb clinical trials (PROPEL) (Jensen et al., 2010;
Wedemeyer et al., 2013), 408 GT1 and GT4 treatment-naive subjects were randomized into
one of five treatment arms: arm A: mericitabine 500 mg BID for 12 weeks; arm B:
mericitabine 1,000 mg BID for 8 weeks; arm C: mericitabine 1,000 mg BID for 12 weeks;
arm D: mericitabine 1,000 mg BID for 12 weeks; and arm E: placebo BID for 12 weeks. All
subjects received IFN/RBV at standard doses for 24 or 48 weeks during and after
mericitabine/placebo treatment. Subjects in arm A, B and C who achieved extended rapid
virologic response (eRVR) stopped all treatment at week 24. Subjects who did not have an
eRVR, and persons in arm D and E continued SOC to complete the 48 weeks treatment.
Overall, the virologic response rates were higher in arms A-D than in arm E at weeks 4 and
12. However, the arms D (50.6%) and E (placebo, 51.2%) had similar overall SVR24 rates
(primary outcome) with lower rates in the response-guided therapy arms A, B and C (48.8%,
42.0% and 32.9%, respectively).

These data demonstrated that treatment with mericitabine plus IFN/RBV for 8 or 12 weeks
provided potent suppression of HCV RNA, was well tolerated, did not result in selection of
resistant variants; however, it did not increase SVR rates compared with placebo.

An analysis from the now completed phase IIb JUMP-C trial was reported by Pockros and
colleagues (Pockros et al., 2013). A total of 166 treatment-naive persons infected with HCV
GT1 or GT4 were randomized to one of two treatment arms. Subjects randomized to arm A
were given mericitabine BID plus SOC (IFN/RBV) with response guided therapy (RGT).
Persons on arm A who achieved eRVR (extended rapid virologic response; means no virus
detected at week 4 and week 12) stopped all treatment at week 24. Those persons who did
not achieve an eRVR also stopped the mericitabine at week 24, but continued an additional
24 weeks of SOC treatment. The subjects in control group arm B received SOC treatment
for 48 weeks. The results of JUMP-C phase IIb trials showed that mericitabine was safe, and
associated with higher SVR rates when compared to SOC (56.8% vs. 36.5%). The virologic
response obtained at weeks 4 and 12 in the JUMP-C trial was comparable to results
observed with the PROPEL trials. However, the authors note that extending treatment period
from 12 to 24 weeks in the PROPEL study. was not as effective in increasing SVR rates as
found in the JUMP-C study. The difference in SVR rates may have contributed to
differences observed in viral breakthrough rates since the PROPEL study showed an almost
two-fold increase in relapse as compared to JUMP-C results (Pockros et al., 2013).

It is worth noting that a combination of mericitabine plus SOC was also effective in treating
HCV GT2/3 relapsers or non-responder subjects (Gane et al., 2010). Twenty persons with
GT2/3 infections, who had not achieved SVR with previous treatments were given
mericitabine 1,500 mg BID plus SOC for 4 weeks, followed by SOC alone for 22-24 weeks.
Ninety percent (18/20) of persons achieved RVR and 65% (13/20) achieved SVR at 12
weeks. This trial demonstrated that mericitabine plus SOC provided an effective regimen for
the treatment of HCV GT2 and GT3 infected persons who have failed previous treatments.

INFORM-SVR, an ongoing phase IIb clinical trial, aims to evaluate the safety and efficacy
of an all-oral IFN-free treatment with mericitabine and ritonavir-boosted danoprevir
(RG7227, protease inhibitor, Fig. 8), with or without RBV in GT1a/1b treatment-naive
subjects. Among the different arms of the study, a 15% virus breakthrough rate was reported
for GT1a and 1b persons (Gane et al., 2012). Viral breakthrough was associated with virus
harboring protease inhibitor resistance conferring mutations. Importantly, a transient S282T
mutation, an NS5B polymerase mutation associated with mericitabine resistance, was .
selected in one person,
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Finally, ANNAPURNA, an ongoing phase 1Ib clinical trial is evaluating the combination of
setrobuvir (ANA598, R05466731, non-nucleoside polymerase inhibitor, Fig. 8), danoprevir
(RG7227, R05190591, protease inhibitor, Fig. 8) and ribavirin with or without mericitabine
in patients with CHC who are either treatment-naive or have previously experienced a null
response. to interferon-based treatment (Fig. 8). With an expected completion date of
December 2013, this two-part five arm study will be looking at SVR12 and safety as end
points. In part 2, based on results from part 1, further treatment-naive subjects will receive a
successful regimen from part 1, or a reduced intensity regimen, and interferon-based null-
response persons will be added to the study (Roche, 2012).

6.3. Conclusions

7.1DX184

The INFORM-SVR study is considered a milestone game changing combination since it
demonstrated for the first time that an all-oral drug combination could suppress HCV
replication to levels similar or exceeding SOC. It is also one of very few studies that show
the selection of nucleoside analog associated resistance conferring mutations in humans,
even though the apparently resistant virus was transient. The S282T mutation was not
observed during other clinical triple combination trials with or without IFN, suggesting that
the high barrier to resistance of mericitabine, and the low fitness of the mutant virus reduce
the incidence of viral breakthrough caused by nucleoside analog resistance selection (Jensen
etal., 2010; Le Pogam et al., 2010; Pockros et al., 2011; Pockros et al., 2013). The high rate

of viral suppression with mericitabine combined with significant relapse rates without

mutation selection indicates that longer treatments, higher doses, and/or other antiviral
combinations may be necessary to make mericitabine a major player in HCV treatment. This
may be due to the short half-life of PSI-6130-TP, PS1-6130-TP not reaching a viral
reservoir(s), and/or overall lack of potency of PSI-6130-TP.

7.1. Synthesis of IDX184

IDX184 (Cretton-Scott et al., 2010; Sommadossi et al., 2008; Surleraux and Gosselin, 2011,
2012) was designed by Idenix Pharmaceuticals as a 2’-C-methyl guanosine (2’-C-MeG)
ribonucleoside that contains a S-acyl-2-thioethyl (SATE) phosphoramidate prodrug to
selectively deliver the 5-MP of 2’-C-thethylguanosine ribonucleoside to human liver. The
metabolism of IDX184 to 2’-MeG-MP takes place predominantly in liver cells and
presumably involves cytochrome P450 (CYP450)-dependent and -independent processes
(Zhou et al., 2011). By bypassing the rate-limiting monophosphorylation process, 2’-MeG-
MP is then efficiently converted to its active 5’-TP within hepatocytes by cellular kinases.
The complete metabolic pathway of IDX184 is yet to be fully elucidated. Liver targeting
may result in a favorable therapeutic index by increasing the levels of the active 2’-MeG-TP
in liver cells while lowering systemic exposure to the nucleoside, potentially minimizing the
risk of systemic side effects (Cretton-Scott et al., 2008).

IDX184 was synthesized as shown in Scheme 5Error! Reference source not found.
(Sommadossi et al., 2008). Preparation of the H-phosphonate monoester precursor was

-achieved in three steps from commercially available 2,2-dimethyl-3-hydroxypropanoic acid

methyl ester 20, by protection of the alcohol followed by saponification, leading to
compound 21 in 92% yield without purification. Installation of the side chain was performed
by peptidic coupling between compound 21 and 2-mercaptoethanol, to generate alcohol 22.
Finally, treatment of compound 22 with phosphorus acid and pivaloyl chloride, followed by
quenching the reaction with triethylammonium bicarbonate (TEAB), generated H-
phosphonate monoester precursor 23 in 90% over two steps.
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2/-C-Methylguanosine 24 and precursor 23 were then both treated with pivaloyl chloride to
furnish intermediate 25, which was further reacted with benzylamine to generate Tr-
protected phosphoramidate diester 26 in quantitative yield. Classical deprotection with
trifluoroacetic acid led to the isolation of IDX184 in 39% yield (Scheme 5).

7.2, Preclinical development

In preclinical studies using an HCV replicon assay, IDX184 exhibited 10 times greater
potency than nucleosides that were in clinical development at the time. In a seven-day
preclinical toxicology study of IDX184, no toxicities, including gastrointestinal or
hematological, were observed in monkeys at doses greater than or equal to 600 mg/kg/day.
In HCV GT1 infected chimpanzees, once daily oral administration of 10 mg/kg of IDX184
produced a rapid and potent inhibition of HCV replication with mean viral load reductions
of 2.5-4.0 log) after four days of dosing (Standring et al., 2008, 2009). Studies were also
performed to characterize resistance mutations profiles of IDX184. The S282T mutation
was identified in all tested cell lines and emerged around 25-77 days. Although the S282T
mutant gave IDX184 a 23-fold increase in ECsg, low (5%) replicon capacity of S282T
replicons was also observed as previously reported by Ludmerer et al. (Ludmerer et al.,
2005). The signature S282T mutant and other drug-related resistance mutants were only
established in vitro for cell-based administration as ultimately there were no mutant
resistance found in clinical trials and no cross-resistance between IDX184 and other classes
of HCV antiviral agents (McCarville et al.; 201 1; McCarville et al., 2010). IDX184
demonstrated additive antiviral activity in the HCV replicon in combination with HCV
protease inhibitors and IFN and synergistic activity in combination with RBV. IDX184 also
remained fully active in vitro against HCV containing known protease and non-nucleoside
inhibitor drug resistance mutations (Zhou et al., 2011 ; Zhou et al., 2009). As a result of its
favorable preclinical profile, IDX184 was selected as Idenix’s lead candidate in January
2008 and Phase I clinical trials were started in July of the same year.

7.3. Clinical development

7.3.1. Phase la—In July 2008, a randomized, placebo-controlled, dose-escalating study
was designed to evaluate the safety and tolerability of IDX184 after 6ral administration in
healthy subjects. Doses escalating from 5 mg to 100 mg were administered to fourty-eight
healthy subjects for three days, and PK data were collected (Idenix, 2008b). The most
common adverse event was dizziness, 5.6% of occurrences for the IDX 184 treated group
compared to 25% for the placebo cohort. Mild to moderate adverse events occurred and
resolved by the end of the study. No severe adverse effects (SAE) or dose-limiting toxicity
were observed. The level of IDX184 and 2/-C-MeG in plasma remained low and dose-
dependent, consistent with a liver-targeting approach. The short half-life of IDX184 (around
1 h) in plasma suggested that IDX184 was unlikely going to accumulate over time. In
comparison, 2’-MeG in plasma has a long half-life with ty/2 of approximate 18—42 h-for .
doses above 25 mg, which reflected the long half-life of 2’-MeG-TP in the liver. The Cogp of
2/-C-MeG is 0.58-2.88 ng/mL for dose higher than 25 mg of IDX184. Overall, IDX184 was
safe and well tolerated at a single dose up to 600 mg/kg/day. The favorable PK supported
once-daily dose administration therapy in future studies involving HCV infected individuals.

7.3.2. Phase Ib—In December 2008, a double-blind, dose-escalating study (Phase Ib)
began to evaluate the safety and antiviral activity of IDX184 in fourty-one treatment-naive
subjects infected with GT1 chronic hepatitis C (Idenix, 2008a). These persons received 25
mg QD, 50 mg QD, 75 mg QD and 100 mg QD or placebo QD for 3 days. IDX184 was safe
and well tolerated: the occurrences of adverse events were following similar pattern as the
placebo-treated group with the most frequently adverse events reported being headache and
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dizziness. The PK analysis data in the study was consistent with those of the previous
healthy volunteers study. The mean HCV RNA reduction (log ;o) ranged from 0.47 to 0.74
after treatment with 25 mg to 100 mg cohorts at day four. Significant HCV viral load decline
occurred in persons receiving doses from 75 mg to 100 mg (Lalezari et al., 2012; Lalezari et
1.,2009; Lalezari et al., 2010). This study helped to determine optimal doses that could be

chosen for testing in later studies.

7.3.3. Phase lla—In November 2009, a total of eighty subjects were enrolled to evaluate
the short-term safety, the antiviral activity and PK profile of IDX184 in combination with
IFN/RBY in subjects with GT1 chronic hepatitis C infection. Over 14 days, individuals
enrolled in this phase Ila, randomized, double-blind study (Idenix, 2009) were given
sequential doses of 50 mg QD, 50 mg BID, 100 mg QD, 100 mg BID, 150 mg QD, 200 mg
QD of IDX184 in combination with IFN/RBV and IFN/RBY as the placebo cohort. Most
adverse events were mild, and no serious adverse events were associated with IDX184 plus
IFN/RBY treatment. The pattern of side effects was similar between treatment of IDX184
plus IFN/RBYV and treatment of IFN/RBYV alone. At day 15 of IDX184 combination
treatment, mean viral load reduction (log) was: 50 mg QD (-2.7), 50 mg BID (—4.0), 100
mg QD (-4.2), 100 mg BID (~4.1), 150 mg QD (-4.3), 200 mg QD (~3.7) of IDX184 in
combination with IFN/RBYV and —1.5 for IFN/RBV. For cohorts given IDX184 50 mg QD,
100 mg BID and 200 mg QD, undetectable viral level (< 15 IU/mL) were found in 13-29%
of the persons, whereas for 50 mg BID, 100 mg QD and 150 mg QD, 40-50% of the
individuals achieved undetectable viral levels. Moreover, ail IDX184 treated cohorts led to a
low level of mean alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
levels compared to IFN/RBV cohort. In addition, the mean plasma concentration of 2/
MeG, which was identified as predictor of viral load started to decline at Day 14 (Lalezan et

al., 2013; Lalezari etal., 2010; Membreno and Lawitz, 2011).

7.3.4. Phase | combination of IDX184 and IDX320—In June 2010, a clinical drug-
drug interaction study was initiated to evaluate the combination of IDX320 (a macrocyclic
HCV protease inhibitor, Fig. 9) and IDX184 in healthy subjects (Idenix, 2010). This study
was designed as a double blind, multiple-dose study of twenty subjects who were
administered 100 mg/day of IDX184 in combination with 400 mg of IDX320. The first
cohort (8:2) was either treated with 1DX320/IDX184 matching placebo for seven days
followed by seven additional days with 1IDX320/IDX184, or IDX320 matching placebo/
1DX184 matching placebo. The second cohort (8:2) was given IDX184/1DX320 matching
placebo for seven days followed by seven additional days IDX184/1DX320 or IDX184
matchmg placebo/IDX320 matching placebo. This study was designed to evaluate safety
and tolerability and to assess the potential for a pharmacokinetic drug-drug interaction
between IDX320 and IDX184 when the two drugs were administered in combination in
healthy subjects. In September 2010, the FDA placed a clinical hold on IDX184 and
1DX320 programs based on three serious adverse events (elevated liver function tests) that
occurred during this combination study in healthy volunteers. In February 2011, the FDA
removed the full clinical hold on IDX184 and placed it on partial clinical hold allowing
Idenix to advance in the clinic under the partial clinical hold (Idenix, 2011a).

7.3.5. Phase I—In April 2011, an open-label study was initiated to evaluate the relative
bioavailability of IDX184 and any potential food effect in healthy male subjects (Idenix,
2011b). The purpose of this study was to compare the amount of drug in the blood after

taking either a capsule or a tablet form of the drug while fasting. Additionally, the amount of

drug present in the blood after eating a meal was investigated and the safety of the tablet

form of IDX 184 was evaluated in healthy volunteers. Twelve subjects received 50 mg BID

IDX184 capsules without food on Day 1, 50 mg BID IDX184 tablets without food on Day
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8, and 50 mg BID IDX184 tablets with food on Day 15. Blood levels of IDX184 were
measured in each study participant to determine pharmacokinetic parameters including
bioavailability of IDX184, AUC and Cp,x of IDX184 and 2/-C-MeG. Results of this study
have not been disclosed at the time of this publication.

7.3.6. Phase llb—In July 2011, Idenix initiated a double-blind study of sixty-seven
randomized subjects to evaluate the safety and the antiviral activity of IDX184 in
combination with IFN/RBV at doses of 50 mg or 100 mg QD for 12 weeks. The common
adverse events were fatigue, nausea and headache, which were generally mild to moderate.
No treatment-related cardiac or renal serious adverse events were observed during the study
and the occurrences of all adverse events were similar between IDX184-combination
therapy and IFN/RBV-therapy. Echocardiograms and N-terminal pro B-type natriuretic
peptide (NT-proBNP), a biomarker that aids in the detection of congestive heart failure and
cardiac dysfunction, were added in this study to address potential cardiac concerns. Heart
rate, AV conduction and cardiac depolarization remained normal. Several subjects in each
group developed new T-wave inversions that were not judged to be clinically significant.
The increases seen in NT-proBNP levels were greater than 200% of baseline, but reversible.
In the 50 mg and 100 mg of IDX184 in combination with IFN/RBV cohorts, 94% and 87%
of subjects, respectively, achieved undetectable virus level at a median of 8 weeks of
treatment. At week 12, a 76% and 82% rate of complete EVR was observed in the 50 mg
and 100 mg treatment arms, respectively (Lawitz et al., 2012a). In January 2012, Idenix
submitted interim phase IIb data to the FDA requesting for the removal of the partial clinical
hold on IDX184. In February 2012, the partial clinical hold on IDX 184 was removed by the
FDA allowing the initiation of dosing in the phase IIb study.

7.4. Conclusions

In August 2012, the FDA placed IDX184 and IDX19368 (another HCV nucleotide
polymerase inhibitor for which Idenix had previously filed an IND, but had not initiated
clinical studies) on partial clinical hold due to cardiac adverse events seen in the phase II
clinical trial of BMS-986094 (refer to section 15 of this manuscript). All three drugs are 2/-
C-methyl guanosine nucleotide prodrugs. In December 2012, Idenix completed the
submission of requested cardiac safety data for IDX184 to the FDA. Idenix had found no
evidence for severe cardiac effects in all of their clinical studies to date. In the meantime, in
October 2012, Idenix started a three-year observational study to evaluate the durability of
sustained viral response and the kinetics of antiviral-resistant HCV in subjects who
participated in studies of Idenix anti-HCV direct acting antivirals, including IDX184. In
February 2013, the FDA communicated that IDX184 (and IDX19368) programs would
remain on clinical hold, and, as a result, Idenix decided to terminate the development of
these programs. A reason for FDA concern over IDX184 and related compounds is the
resultant NTP derived from IDX184 is identical to the NTP derived from BMS-986094.
Cardiac toxicity for BMS-986094 was demonstrated to be dose-related and the postulated
reason for the cardiac toxicity was mitochondrial toxicity. Of note, 2’-C-MeG-TP has been
shown to be a substrate for incorporation by human mitochondrial RNA polymerase (Arnold
et al., 2012). However, cell free assays can be misleading since the nucleoside may never be
phosphorylated in mitochondria. Nevertheless, Idenix decided not to pursue this drug further
since by then they had identified nucleoside analogs with superlor v1rologlcal and
toxicological profiles.
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8. PSI-6206 to PSI-7851 to GS-7977 (PSI-7977; sofosbuvir)
8.1. Discovery and preclinical profiling

The presence of 2/-deoxy-2'-fluoro-2’-C-methyluridine PSI-6206 metabolite along with its
triphosphate PSI1-6206-TP was recognized during metabolism studies on PSI-6130 in cell
culture and in monkeys (see discussion Section 5.2). These compounds were evaluated for
their anti-HCV activity in replicon assay (Ma et al., 2007). While the uridine nucleoside
PSI1-6206 was devoid of anti-HCV activity in culture, PSI-6206-TP demonstrated a potent
and selective inhibition of HCV NSSB polymerase with mean ICso = 1.19 1M. Subsequent
stability studies using primary human hepatocytes showed that PS1-6206-TP had
significantly longer half life (t;/; = 38 h) than its analogous cytidine triphosphate PS1-6310-
TP (t) = 6 h) (Murakami et al., 2008).

1duovsr‘1‘liBWfJOLQ_nV Vd-HIN

Cellular pharmacology with PS1-6206 demonstrated that it was very poorly phosphorylated
to the monophosphate nucleotide (PSI-6206-MP), which could explain the lack of anti-HCV
_ -activity. The phosphoramidate prodrug approach was taken to bypass the initial

! unproductive phosphorylation step (Murakami et al., 2010). After in vitro and in vivo

i profiling of multiple potential prodrugs, phosphoramidate prodrug PSI-7851 was selected as
the lead compound. PSI-7851, an equal mixture of two phosphorous diastereoisomers
PSI-7976 and PSI-7977 (Berrey et al., 2013; Chun et al., 2010; Clark, 2005; Cleary et al.,
2013; Ross et al., 2010; Sofia et al., 2008) was shown to be a potent and selective inhibitor
of HCV replication (ECsg = 0.52 uM) with no associated bone marrow, mitochondrial or
other cellular toxicity. Its potential efficiency was further demonstrated by high levels of
triphosphate (PS1-6206-TP) formation in primary human hepatocytes and in the livers of
rats, dogs and monkeys when administered in vivo (Sofia et al., 2010a). /n vitro studies,
showed PSI-7851 had a broad range of antiviral activity across different HCV GTs (Lam et
al., 2012). Based on impressive preclinical data, PSI-7851 was selected for future
development and progressed into phase I human clinical trials.

8.2. Synthesis of PSI-7851 and PSI-7977 (GS-7977)

Subsequently, a method was developed to separate the two PSI-7977 and PSI-7976
diastereoisomers. The S, diastereoisomer PSI-7977 (ECgg = 0.42 uM) was shown to be
more potent inhibitor than the R, diastereoisomer PSI-7976 (ECyg = 7.5 uM) in replicon
assays (Sofia et al., 2010a). However, when both diastereoisomers were tested in primary
human hepatocytes almost equal amounts of active triphosphate (PSI-6206-TP) was formed,
suggesting both isomers may be equally active in the liver cells (Murakami et al., 2010).
Enzymatic studies showed Cathepsin A (CatA) and carboxylesterase 1 (CES) could both
catalyze the first step hydrolysis (of the carboxyl ester linkage between the carboxylic acid
‘from amino acid moiety and the isopropyl alcohol) of phosphoramidate prodrugs PSI-7977
and PSI-7976. PSI-7977 was found to be a better substrate for CatA while PSI-7976 was
preferentially hydrolyzed by CES1 (Murakami et al., 2010). The apparent discrepancy
between replicon data and primary human hepatocytes was related to the different
expression of these enzymes in replicon cell lines and primary human hepatocytes
(Murakami et al., 2010; Sofia et al., 2010a). Both isomers were devoid of cytotoxicity when
tested against a broad range of cell lines. Mitochondrial toxicity was evaluated up to 100 pM
in both CEM and HepG?2 cells and no toxicity was observed for PSI-7977 while PSI-7976
showed CCgq of 72 and 68.6 (1M for inhibition of mtDNA and rDNA, respectively in
HepG2 cells (Sofia et al., 2010a). Pure Sy, isomer PSI-7977 was selected for future clinical
studies due to its higher potency in replicon assay and better safety profile. To date,
PSI1-7977 (now called sofosbuvir or GS-7977) is the only nucleotide analog HCV
polymerase inhibitor that has completed phase I clinical trials and this drug is expected to
receive FDA approval by the end of 2013.
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8.3. Synthesis of single isomer PSI-7977 (sofosbuvir, GS-7977)

The first generation synthesis of PSI-7977 involved direct reaction of phosphoryl chloride
reagent 28a with 2’-deoxy-2’-fluoro-2’-C-methyluridine (PSI-6206) and separation of the
two diastereoisomers by crystallization (Sofia et al., 2010a) (Scheme 6). Ultimately, with
some modifications to the chemistry and workups during process development, the yield
from (28a) to the mix of PSI-7976 and PSI-7977 (48:51) was improved to 45.7% from
which the single isomer PSI-7977 was isolated in 15% yield after crystallization (Ross et al.,
2010).

This approach was further optimized by using p-nitrophenol as the leaving group of the
phosphorylating agent as shown in (28b) (Scheme 6). In this case a 47% of a 3:1 mix of
PSI-7977 and PSI-7976 were obtained. Separation of (28b) into its single diastereomers
gave the desired chiral phosphorylating reagent 28¢, which upon reaction under basic
conditions gave clean inversion at the phosphorous centers to give PSI-7977 as the single
desired S, diastereomer. Pentafluorophenyl was used in a similar manner with the
phosphorylating reagent 28d which allowed for a multigram synthesis of single Sp isomer
PSI-7977 without the need for a chiral catalyst, chiral auxiliary or column purification (Ross
etal., 2011; Ross et al., 2010).

8.4. Clinical trials for PSI-7977 (GS-7977; sofosbuvir)

8.4.1. Phase |—In March 2009, clinical trials for PSI-7851 (also known as GS-9851;
mixture of diastercoisomers PSI-7976 and sofosbuvir) were completed in 42 healthy
volunteers. The administration of single dosage of 25 mg up to 800 mg QD was shown to be
generally safe and well tolerated with no adverse events when compared with the placebo
arm and with a pharmacokinetic profile consistent with once-daily dosing (Denning et al.,
2012). Phase Ia trials with PSI-7851 also evaluated safety and tolerability for three day
monotherapy at different doses (50 mg, 100 mg, 200 mg, 400 mg) in treatment-naive
subjects. Reductions in viral load were observed without any serious adverse events when
compared to the placebo arm (Lawitz et al., 2013c). In fact, the 400 mg QD dose led to a
decrease of 1.76 log o IU/mL after three days of treatment compared to the related
mericitabine, which after 14 days at 1,500 mg with QD dosing, gave a 1.48 logo TU/mL
drop.

8.4.2. Phase lla—The safety, antiviral activity and tolerability of three different doses of
sofosbuvir in combination with IFN/RBV were assessed in treatment-naive persons with
GT1 HCV infection. Sixty-four subjects were randomized (1:1:1:1) to receive one of three
once-daily doses of sofosbuvir (100, 200 and 400 mg) or placebo plus IFN/RBY for 28
days, which was followed by 44 weeks treatment with IFN/RBYV alone therapy. All who
received sofosbuvir experienced rapid virologic response (RVR) of 88%, 94% and 93% for

100, 200, and 400 mg dose, respectively. In comparison, only 21% of the subjects achieved -

RVR in the control arm. No viral breakthrough was observed during 28 days treatment;
however, cight individuals had relapsed during IFN/RBV treatment (four on sofosbuvir 100
mg; two on sofosbuvir 400 mg and two on placebo arm). SVR24 rates were higher for
subjects in all arms with sofosbuvir treatment (56% for 100 mg dose, 83% for 200 mg dose,
and 84% for 400 mg dose) than those in the IFN/RBYV arm (43% achieved SVR after 24
weeks). The most frequent adverse effects during 28 days treatment were fatigue, nausea,
chills, headache and joint pain. No serious adverse events or discontinuation was reported in

first 28 days. Sofosbuvir 200 and 400 mg doses were selected for future studies {Rodriguez-
Torres et al., 2013).
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8.4.3. Phase llb—Several phase IIb clinical trials have addressed the safety and efficacy

of sofosbuvir treatment in the treatment of HCV GTs. Results from four studies (PROTON,
ELECTRON, QUANTUM and ATOMIC) are summarized below.

8.4.3.1 PROTON: In this double-blind, randomized study the efficacy of sofosbuvir in
combination with IFN and RBYV in treatment-naive persons with HCV GT1, 2 and 3 was

evaluated. A total of 121 treatment-naive subjects with GT1 infection were randomly

assigned to three different groups (2:2:1 ratio) to receive IFN/RBV with 200 mg sofosbuvir,
400 mg sofosbuvir, or placebo for 12 weeks followed by additional IFN/RBV treatment for
12 weeks or 36 weeks depending on the subject’s response. Among GT1 persons, 98% of
subjects on triple therapy achieved RVR compared to 19% in the placebo group. 88% of
those on 200 mg dose of sofosbuvir and 91% of those on 400 mg sofosbuvir achieved
SVRI12 while less than 50% achieved SVR in placebo cohort. All IL28-BT/T GT persons
included in the study (13/13) achieved SVR12 following triple therapy. Finally, combination
therapy with sofosbuvir was even more effective for treatment-naive persons with GT2/3
HCV infections. In this cohort, all 24 subjects who stayed on therapy achieved SVR12
(Gane et al., 2013b; Lawitz et al., 2013b; Pham et al., 2004; Radkowski et al., 2005).

8.4.3.2. ELECTRON: This study was designed to evaluate the efficacy of sofosbuvir with
RBYV, with or without IFN in treatment-naive or treatment-experienced persons with GT1,
2, or 3 HCV infections. Sofosbuvir monotherapy, reductions in RBV dose, and changes in
duration of therapy were also evaluated. One hundred and fifty five subjects with all three
HCV GTs were divided into eleven treatment groups (Radkowski et al., 2005). In a

‘randomized cohort, fourty treatment-naive subjects with HCV GT2 and GT3 infections were

divided into four arms. All groups received sofosbuvir (400 mg QD) + RBV BID for 12
weeks. Three of the arms also received IFN for 4, 8 and 12 weeks, respectively. SVR24 was
achieved for all subjects enrolled in the four arms (cohorts 1 to 4) (Gane et al., 2013b; Gane
et al., 2012). In an additional arm (cohort 5), wherein ten treatment-naive persons with HCV
GT2 or GT3 received sofosbuvir monotherapy for 12 weeks, SVR24 rates were 60%. A
shortened 8-week triple therapy arm (cohort 6) was also evaluated in ten GT2 or GT3
subjects and SVR24 was achieved for all participating subjects. In cohort 7, twenty-five
treatment-naive subjects with GT2 or GT3 were treated with sofosbuvir plus RBV for 8
weeks. Full (100%) SVR was achieved in this cohort. Cohort 8 evaluated treatment of ten
GT2/3 subjects with sofosbuvir + reduced dose RBV (800 mg) and resulted in a reduced
SVR rate of ~60%. Twenty-five treatment-experienced subjects with GT2 and GT3 HCV
infections were treated with sofosbuvir and RBV (cohort 9). All subjects in this arm
achieved RVR while 68% attained SVR at 12 weeks. Finally, a 12-week 1FN-free
sofosbuvir plus RBV treatment was evaluated in ten GT1 null-responders (cohort 10) and in
twenty-five GT1 treatment-naive subjects (cohort 11). Treatment-naive subjects with GT1
achieved SVR12 of 84% while only one out of ten null-responder subjects achieved SVR12
(Table 1).

In summary, 12-week treatment with sofosbuvir and RBV resulted in 100% SVR24 in
treatment-naive, GT2/3 subjects. This regimen was less optimal for treatment-experienced
subjects with GT2/3 or null-responders with GT1 infections. It was concluded that duration
of less than 12 weeks or reduced RBYV dose might adversely impact treatment efficacy.
Reduced dosage of RBV in treatment-naive difficult GT1 subjects in 24 weeks treatment
was less efficient (SVR4 56%) than full dose RBV (77%). Addition of sofosbuvir to IFN +
RBYV regimen considerably improved the response rate among all GTs and shortened the
duration of therapy. IFN-free combination showed high percent of cure rate in untreated
individuals, but was less efficient in treatment-experienced patients or null-responders.
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8.4.3.3. ATOMIC: This phase IIb clinical trial evaluated the combination of sofosbuvir
with IFN/RBV for 12- or 24-weeks in treatment-naive GT1, GT4, and GT6 persons (a total
of 332 subjects were enrolled). Additionally, treatment-naive persons with GT1 were treated
with sofosbuvir in combination with IFN/RBV followed by 12 week treatment with
sofosbuvir alone or in combination with RBV. The results from this study suggest that 12
week triple combination therapy was as effective as 24 week treatment for this group of
subjects. Furthermore, it was found that sofosbuvir, with or without RBV after initial
treatment, can be effective in achieving high SVR rate (Kowdley et al., 2013).

8.4.3.4. Phase II sponsored by the National Institute of Allergy and Infectious Diseases
(NIAID): Initiated in 2011, NIH investigators recruited 60 GT1 HCV treatment-naive
subjects, into a two-part open label study (Gilead, 2011). As a proof of concept, in the first
part, ten patients with mild to moderate liver fibrosis were treated with 400 mg/day of
sofosbuvir and weight-based RBV for 24 weeks. All nine subjects who completed the 24-
week course had an undetectable level of the virus 24-weeks post treatment and were
deemed cured. Subsequently, in the second group of fifty subjects where thirteen suffered
from serious liver damage, all took 400 mg/day sofosbuvir with the subjects being split
between weight-based and low-dose (600 mg/day) RBV. SVR-24 rates of 68% were
observed in the weight-based group and 48% in the low-dose group (Osinusi et al., 2013).
Seven grade 3 adverse events were reported (anemia, neutropenia, nausea,
hypophosphatemia, and cholelithiasis or pancreatitis), but none resulted in discontinuation
of treatment. This NIH-sponsored study of Gilead’s sofosbuvir combined with RBV
demonstrated a safe and effective interferon-free approach for even some of the toughest
HCV cases. '

8.4.4. Phase lll—Multiple phase III clinical trials have been initiated to evaluate the safety
and efficacy of HCV treatments that contain sofosbuvir. Results from four trials (FUSION,
FISSION, POSITRON and NEUTRINO) are summarized below.

8.4.4.1. FUSION: In June 2012, the randomized, double-blind trial was initiated in 200
treatment-experienced individuals with GT2 and GT3 who were assigned to two treatment
groups to receive sofosbuvir (400 mg daily) with RBV (1,000 mg or 1,200 mg) for duration
of 12 or 16 weeks. The study also included persons with compensated cirrhosis at baseline.
In the 12-week treatment group the SVR12 rate was 86% for GT2 and 30% for GT3 infected
subjects. In the 16-week treatment group SVR12 rate was 94% for GT2 and 62% for GT3

subjects. No adverse side effects were observed that were attributed to sofosbuvir treatment
(Gilead, 2013d).

8.4.4.2. FISSION: This randomized, active-controlled study, initiated in December 2012,
aimed to compare 12-week course with sofosbuvir 400 mg/RBV with 24-week standard of
care treatment IFN/RBYV treatment in genotype 2 and 3 treatment-naive persons. The study
met its primary efficacy end point with 67% of subjects achieving SVR12 in both groups.
All common adverse effects (> 10%) occurred more frequently in IFN/RBV arm. Most
frequently observed adverse events (> 10%) in the sofosbuvir/RBV group were fatigue,
headache, nausea, insomnia and dizziness (Gilead, 2013a).

8.4.4.3. POSITRON: This randomized, double-blind, placebo controlled study was initiated
in March 2012 and was designed to evaluate sofosbuvir plus RBV for persons who were
IFN-intolerant or ineligible/unwilling to take IFN. Two hundred and seven subjects with
GT2 and GT3 HCV infections were enrolled. Of those, 15% had compensated cirrhosis and
53% were GT2. Among individuals with GT2, 93% achieved SVR12, among those with
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GT3 and the small percentage that had cirrhosis, 61% also achieved SVR-12 (Gilead, 2012);
however the overall SVR12 rate was 78% in GT3 and GT4 combined.

8.4:4.4. NEUTRINO: This study was initiated in June 2012 in 327 treatment-naive subjects
with GT1, GT4, GT5 and GT6 to evaluate treatment outcomes of a 12-week course of
sofosbuvir with IFN and RBV treatment. Overall, triple combination was found to be
superior with 90% of subjects achieving SVR12 compared to a predefined historic control
SVR rate of 60 percent. The most common adverse events (reported in >20%) were fatigue,
headache, nausea, insomnia and anemia (Gilead, 2013a).

8.5. Conclusions

Sofosbuvir, PSI-7977 (now GS-7977) is the most promising pan-genotypic antiviral drugs
against HCV infection identified to date. In combination with SOC or other DAAs such as
protease and NS5A inhibitors (see below), it demonstrated high percentage of cure rate
among all GTs. Like earlier, anti-HCV nucleoside analogs sofosbuvir showed a clear
synergistic effect when dosed in combination with RBV. Two small and separate early
clinical studies showed that RBV could lower HCV viral load, but did not cure any subjects
tested (Di Bisceglie et al., 1992; Reichard et al., 1991). In our hands, RBV has no anti-HCV

activity in the Huh7 replicon system suggesting that the antiviral effect may be due to a host
effect (Bassit et al., 2008).

SVR rates were consistently lower among GT3 patents in phase 11 studies reporting
preliminary data. Early in-vitro genotype studies with sofosbuvir found similar ECgq values
for inhibition of GT1b (Conl)-, GTla (H77)-, and GT2a (JFH-1)-derived replicons and for
GT1b chimeric replicons containing the NS5B region from the J6 GT2a jsolate and from
GT2b and GT3a isolates (Lam et al., 2012). Thus, there was no published preclinical

indication of lower efficacy versus GT3 and it remains to be seen if this pattern holds true as
more data are disclosed.

On April 8, 2013, based on these clinical studies, Gilead submitted a new drug application to
U.S. FDA for the use of sofosbuvir and RBV as an all-oral regimen in GT2 and three
individuals and in combination with IFN/RBYV for the treatment-naive persons with GT1, 4,
-5 and 6 HCV infection (Gilead, 2013c). On October 25, 2013, an FDA advisory committee
voted unanimously (15 to 0) in favor of approval of the use of sofosbuvir in persons infected
with GT2 and GT3 in combination with RBV. The committee also recommended (15-0)
sofosbuvir in combination with IFN and RBV for treatment of chronic HCV in treatment-
naive adults with GT1 and GT4 infections.

9. Combinations of sofosbuvir with other DAAs
9.1. Sofosbuvir (PSI-7977; GS-7977) plus daclatasvir (BMS-790052)

The all-oral, IFN/RBV-free, combination of direct acting antivirals (DAA) involving
sofosbuvir an NS5B polymerase inhibitor, and daclatasvir (BMS-790052) (Fig. 12), an
NS5A inhibitor, has been explored as an attractive approach toward HCV treatment
(Sulkowski et al., 2012a; Sulkowski et al., 2012b).

9.1.1. Phase lla—The first combination study of sofosbuvir and daclatasvir with or
without RBV was reported in a phase Ila trial (A1444-040 study) in treatment-naive subjects
with GT1a/1b, GT2, or GT3 HCV infection (Sulkowski et al., 2012a). Eighty-eight subjects
were enrolled to receive sofosbuvir (400 mg QD) and daclatasvir (60 mg QD) in
combinations with or without RBV for 24 weeks. HCV RNA levels were monitored up to
48 weeks after discontinuation of antiviral therapy. Based on the interim results, overall,
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more than 95% of all treatment-naive subjects with any GT tested achieved SVR4, but in
GTla/lb subjects the SVR4 was 100% (HCV RNA < 10 [U/mL). The combination of
sofosbuvir and daclatasvir was generally well tolerated, and, of special significance, RBV
only contributed to adverse effects and had no effect on virologic response.

An additional eighty-two GT1a/1b subjects were randomized to the A1444-040 study to
receive sofosbuvir (400 mg QD) and daclatasvir (60 mg QD) in combination with or without
RBYV for 12 weeks. In a recent update of the study (Sulkowski et al., 2012b), with a total of
170 treatment-naive individuals with GT1a/l1b, GT2, or GT3 HCV infection enrolled to
receive sofosbuvir (400 mg QD) and daclatasvir (60 mg QD) in combinations with or
without RBV for 24 weeks, in GT1a/1b, GT2, or GT3 and 12 weeks in GT1a/1b more than
93% of all treatment-naive subjects achieved SVR. Importantly, 43 out of 44 (98%) GT1
subjects achieved SVR24 and 41 out of 44 (93%) of GT2 and GT3 subjects achieved
SVR24. JL28B GT, viral subtype, and the administration of RBV had no effect on virologic
response. The combination of sofosbuvir and daclatasvir were generally safe and well
tolerated. The development of anemia in < 21% subjects was only observed with RBV
treatment.

9.1.2. Phase ll—The safety and efficacy of sofosbuvir (400 mg QD) and daclatasvir (60
mg QD) in combination with or without RBV for 24 weeks was evaluated in fourty-one
GT1 subjects who experienced virologic failure with previous telaprevir- or boceprevir-
based triple therapy. Sofosbuvir plus daclatasvir arm and sofosbuvir plus daclatasvir plus
RBYV arm demonstrated high SVR12 rate of 100% and 95%, respectively (Sulkowski et al.,
2013). o

9.2. Sofosbuvir plus ledipasvir (GS-5885)

The multipart phase I1 ELECTRON study aimed to evaluate the safety and efficacy of
sofosbuvir-containing regimens with or without IFN and/or RBV in GT1, GT2 and GT3
individuals (Gane et al., 2013b) (See section 8.3.3.2 for additional details). One arm of this
study focused on an all-oral regimen in GT1 treatment-naive and null-responders in which
subjects were treated with sofosbuvir and RBV over 12 weeks (Gane et al.; 2013a). Other
arms of the study were similar in design, but also included ledipasvir (GS-5885, Fig. 12), a
direct acting antiviral NS5A inhibitor. Among treatment-naive subjects (N = 25) and null-
responders (N = 10) who received sofosbuvir plus RBV without ledipasvir, SVR12 rates
were 84% and 10%, respectively. However, all individuals [treatment-naive (N = 25) and
null-responders (N = 10)] receiving ledipasvir in combination with sofosbuvir and RBV
showed 100% SVR12 regardless of treatment history (Gane et al., 2013a). Common adverse
events included anemia, depression and headache.

There are currently several ongoing phase II and phase 11 clinical studies for evaluating the
safety, tolerability and antiviral efficacy of a once daily fixed-dose combination tablet
containing ledipasvir (90 mg), and sofosbuvir (400 mg) with or without RBV (1,000 or
1,200 mg/day divided BID) in GT1 HCV infected subjects. The latest updates from these
trials are summarized in the sections below (Gilead, 2013b).

9.2.1. ION-1—In October 2012, Gilead launched a phase 1 trial for evaluating safety and
efficacy of sofosbuvir and ledipasvir with and without RBV for 12 or 24 weeks among
treatment-naive GT1 subjects. Each arm enrolled fifty individuals (total 200 subjects). Based
on the initial results of the 12-week arms, the trial will expand to include 800 subjects
(Gilead, 2013b). ' '
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9.2.2. ION-2—A second phase 111 study for fixed-dose sofosbuvir/ledipasvir began in
January 2013. The study plans to enroll 400 treatment-experienced GT1 subjects who have
failed previous IFN-containing regimens (with or without protease inhibitors). This study-
will evaluate treatment response in a 12-week regimen with RBV and a 24-week regimen
with or without RBV (Gilead, 2013b).

9.2.3. LONESTAR—A new Phase Il clinical trial is now underway to study sofosbuvir/
ledipasvir for 12 weeks and of sofosbuvir/ledipasvir with and without RBV for 8 weeks.
This is the first trial to enroll hundred GT1 treatment-naive persons for the shorter 8-week
treatment duration. Treatment with sofosbuvir plus ledipasvir (with or without RBV) for 12
weeks will also be evaluated for treatment-experienced GT1 persons who have failed the
protease inhibitor-containing regimen (Gilead, 2013b).

9.2.4. ION-3—In May 2013, Gilead started a Phase III, multicenter, randomized, open-
label study to evaluate the safety, tolerability and antiviral efficacy of sofosbuvir/ledipasvir
(400/90 mg) with or without RBV (1,000 or 1,200 mg/day divided BID) administered once
daily for eight weeks versus sofosbuvir/ledipasvir (SOF/LDV) administered once daily for
12 weeks in treatment-naive non-cirrhotic subjects with chronic GT1 HCV infection
(Gilead, 2013e). The primary outcomes of this study are to determine the sustained virologic
response twelve weeks after discontinuation of therapy (SVR12), as well as monitoring the
number/frequency of adverse events and poténtial laboratory abnormatlities.

9.3. PSI-7977 (GS-79'77; sbfosbuvir) plus simeprevir (TMC435)

Simeprevir (TMC435) (Fig. 12) is an HCV protease inhibitor currently in phase I11 clinical
trials for HCV infection. In November 2011, a phase II clinical trial (the COSMOS study)
evaluating the combination of sofosbuvir and simeprevir with or without RBV in individuals
who are HCV GT1 nuli-responders to prior IFN/RBV with METAVIR stage either FO-F2
(cohort 1) or F3-F4 (cohort 2) was initiated. The study aims to randomize ninety subjects per
cohort in a 2:1:2:1 ratio to the following arms: simeprevir 150 mg once daily + sofosbuvir
400 mg once daily for 24 weeks with or without RBV, or simeprevir 150 mg once daily +
sofosbuvir 400 mg once daily for 12 weeks with or without RBV. For cohort 1, a safety and
efficacy interim analysis was conducted when approximately 20% of the planned
randomized patients reached the end of treatment or permanently discontinued treatment
early. Interim data demonstrated RVR in 13/15, 8/11, 20/23, 5/10 in simeprevir with
sofosbuvir and RBV (24 weeks), simeprevir and sofosbuvir (24 weeks), simeprevir with
sofosbuvir and RBV (12 weeks), and simeprevir plus sofosbuvir (12 weeks), respectively
(Lawitz et al., 2013a). Similar RVR rates were observed with simeprevir plus sofosbuvir +
RBYV treated for 12 or 24 weeks. However, lower RVR rates were observed without RBY
for 12 (50%) and 24 week (72%) treatments. Interim SVR4 results from the 12 week arms of
cohort 2 in the ongoing COSMOS study, including treatment-naive or previous null-
responder HCV patients all with METAVIR score F3-F4 were recently reported. Treatment
for 12 weeks with simeprevir and sofosbuvir, with or without ribavirin, led to SVR4 rates of
96% and 100%, respectively (Medivir, 2013). All arms of this study at 12 weeks were
generally considered safe and well tolerated. However, anemia and increased bilirubin was
observed in 13.0% and 9.3% of the patients in the RBV containing arms, respectively. These
events were not observed in the non-RBYV containing arms.

9.4. Sofosbuvir (GS-7977; PSI-7977) a pyrimidine plus PS!1-938 a purine nucleotide analog

For information on the phase Il NUCLEAR and QUANTUM trials refer to sections 11.3.2
and 11.3.3 of this manuscript.
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In 2010, Roche initiated a phase I clinical trial of R7432 in a dose-escalation study with
sixty persons enrolled (Roche, 2010). This study was discontinued by February of 2012
(Roche, 2011a, b). Unfortunately, the chemical structure of R7432, the clinical trial results
and an explanation for the discontinuation has not been disclosed.

11. PSI-938 (PSI-352938)

Purine nucleoside derivatives of mericitabine were designed to be second-generation agents
with improved potency, pharmacokinetics, and resistance profiles. The guanosine derivative
PSI-938 (also known as PSI-352938) was a result of these studies (Chun et al., 2010; Clark,
2005; Du et al., 2009; Reddy et al., 2010; Sofia et al., 2010b). This derivative is a cyclic
phosphate prodrug of a 2/-a-F-2’-3-C-methyl class of nucleosides. The choice for this
particular prodrug was based on observations from previous studies which showed that
nucleotide cyclic phosphate prodrugs were precursors of the nucleotide monophosphate with
enhanced cellular permeability in vitro (Gunic et al., 2007).

11.1. Synthesis of P$I-938

Pharmasset reported a multi-kilogram process synthesis of PSI-938 requiring no
chromatography (Reddy et al., 2011; Wang et al., 2009). 2’-q-F-2’ -B-C-methyl-2’-deoxy
lactone 29 was prepared as described in Scheme 8. Benzoylation was originally used to
complete the synthesis of a key intermediate similar in structure to compound 29 (Scheme
8). However, a switch to 4-chlorobenzyl protection afforded more crystalline intermediates
that allowed for a multi-step synthesis that did not require any column chromatography.

The conclusion of the PSI-938 synthesis is shown in Scheme 9. The p-chlorobenzoyl
protected lactone 29 was reduced to lactol 30, and it is interesting to note that upon standing
the f/a anomeric mixture isomerized to the thermodynamically more stable B-lactol. An
Appel reaction at low temperature then furnished bromo derivative 31. Glycosylation of
compound 31 with 2-amino-6-chloro purine followed by treatment with sodium ethoxide in
ethanol provided the unprotected 6-ethoxy purine nucleoside 32. After extensive
investigation, conditions were found for the formation of the 3’ ,5’-cyclic phosphate PSI1-938
(cis-Rp configuration) in high diastereoselectivity (>95%): it was finally isolated in 52%
yield and greater than 99.5% diastereoselectivity after direct crystallization.

11.2. Preclinical development

In an HCV replicon cell assay, PS1-938 had an ECgq of 1.37 UM with no cytotoxicity up to
100 pM (Reddy et al., 2010). It demonstrated prolonged stability in simulated
gastrointestinal fluid, simulated intestinal fluid, human plasma, and human liver 89 (in vitro
model for liver stability). Expanded cytotoxicity data showed no cytotoxicity in a variety of
cell lines and no mitochondrial toxicity. Rats treated with the compound had high levels of
the triphosphate in the liver. Interestingly, PSI-938 was equally active against the NS5B
S282T mutant replicon. It also showed a high barrier of resistance and a different resistance
profile than that of RG-7128 (Lam et al., 201 1). PSI-938 was found to be metabolized by a
phosphorylation pathway distinct from RG-7128. These promising results lead Pharmasset
to nominate PSI-938 as a preclinical candidate in June 2009 (Pharmasset, 2009).

11.3. Clinical development

11.3.1. Phase |—A phase I single ascending dose trial began in early 2010 (Pharmasset,
2010). Healthy male and female volunteers received a single dose of PSI-938 ranging from
100 mg to 1,600 mg. No dose-limiting toxicity was identified. In August 2010, a multidose
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ascending dose trial was conducted in fourty subjects chronically infected with HCV GT1.
Subjects received 100 mg QD, 200 mg QD, 300 mg QD, and 100 mg BID for seven days.
PS1-938 demonstrated potent antiviral activity with an average drop of 4 log; IU/mL in
mean HCV RNA from baseline. A consistent decline of HCV RNA levels was observed
.with no viral breakthrough. PSI-938 was shown to be safe and well tolerated. No adverse
events were reported as well as any subject discontinuations (Pharmasset, 2011¢).

11.3.2. Phase lla, NUCLEAR—The combination of sofosbuvir and PSI-938 represented
the first once daily dual-nucleotide IFN/RBV-free study for HCV treatment (Lawitz et al.,
2011). Sofosbuvir, a pyrimidine, and PSI1-938, a purine, are both NS5B polymerase

inhibitors. In March 2011, Pharmasset published the results of the Phase [la NUCLEAR trial

in HCV GT] treatment-naive subjects. The study evaluated the safety, PK and antiviral
activity of PSI1-938 and sofosbuvir administered as monotherapy or in combination for
seven to fourteen days. Forty subjects were enrolled in cohorts 1—4 receiving PS1-938 (300
mg QD) as monotherapy and/or sofosbuvir (400 mg QD) in combinations, and the treatment
regimens resulted in median drops of HCV RNA that ranged from 5.0 to 5.2 logjo [U/mL.
PSI-938.was generally safe and well tolerated over seven to fourteen days, with no adverse
events or subject discontinuations. HCV RNA rapidly declined in the first three days
followed by continhued decrease until end of treatment or assay limit of detection (LOD) was
reached. Of the 24 subjects who received the combination treatment, 22 (92%) achieved
HCV RNA levels of <15 IU/mL after fourteen days of treatment. Of note, sofosbuvir and
PS1-938 had similar HCV RNA reductions over seven days. The NUCLEAR study
suggested that the combination of sofosbuvir and PSI-938 was generally safe and weil
tolerated with no viral breakthrough and no significant pharmacokinetic interaction during
the seven to fourteen day therapy. These promising results were followed by FDA Fast
Track designation in August 2011 (Pharmasset, 2011d).

11.3.3. Phase Ilb, QUANTUM—In September 2011, Pharmasset initiated the Phase 11b
QUANTUM trial in approximately 450 adults of all viral genotypes to assess safety and
SVR rates at 12 or 24 weeks for PSI-938, PSI-7977 (sofosbuvir), and various combinations
of the drugs with and without RBV (Pharmasset, 2011c). The trial evaluated interferon-free
regimens of sofosbuvir 400 mg QD and PS1-938 300 mg QD with and without RBV over 12
or 24 weeks in treatment-naive patients. The trial also evaluated PS1-938 monotherapy.
SVR24 was the primary endpoint of the trial with patients equally randomized across the
following arms: 1) PSI-938 only; 2) PSI-938 and sofosbuvir; 3) sofosbuvir and RBV;4)
PSI-938, sofosbuvir, and RBV and 5) a placebo control of 24 weeks.

Unfortunately, routine safety monitoring detected “laboratory abnormalities associated with
liver function” among the 235 individuals in the study who were receiving treatment with
PS1-938 alone or in combination with sofosbuvir or sofosbuvir and RBY (Pharmasset,
2011a). The remaining 12 and 24-week sofosbuvir and RBV combination arm continued
unchanged to generate data in support of the NEUTRINO trial (see section 8.4.4.4).

11.4. Conclusions

In December 2011, PSI-938 was dropped from the follow-up phase IIb QUANTUM trial
and further clinical evaluation due to abnormalities in liver function (Pharmasset, 2011b).
No future plans for PSI-938 have been reported. It is unfortunate that a relatively high dose
of this drug was used for the main studies, since it is likely that a lower dose would have
also been effective with no apparent untoward effects especially when used with sofosbuvir.
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12. TMC649128

12.1. Preclinical development

TMC649128 (Johansson et al., 2008; Jonckers et al., 2011) is a nucleoside NS5B
polymerase inhibitor and has demonstrated an attractive pre-clinical profile: it displayed in
vitro activity across multiple HCV GTs with a high genetic barrier to resistance. It was
disclosed in May 2008, when Medivir entered into an R&D agreement with Ortho Biotech
Products LP, an affiliate of Tibotec, to develop medications to treat HCV infection targeting
NS5B virus polymerase. Under the agreement, Medivir and Tibotec jointly performed
preclinical studies to identify potential compounds. As an effort to explore 4’-azido-2'-
modified cytidines as potential HCV polymerase inhibitors known for their antiviral HCV
activities, Medivir’s scientists.designed and synthesized 4’-azido-2’-deoxy-2’-methyl-
cytidine 33 (Nilsson et al., 2012) (Fig. 13), which exhibited a moderate anti-HCV activity
(Johansson et al., 2008). Although all the ester prodrug derivatives only exhibited similar or
slightly lower activity compared with (33), the isobutyryl ester (TMC649128) demonstrated
greatly improved mean maximum plasma concentration (Cp,y = 4.65 pM) and hence a
larger area under the curve (AUCq. = 12.7 3 M x h) and oral bioavailability (F = 65%).

12.2. TMC649128 synthesis

TMC649128 was synthesized as shown in Scheme 10: Glycosylation of 4 with silylated
uracil in the presence of tin chloride allowed for the formation of compound 33. Treatment
of compound 33 with ammonia in methanol led to the clean deprotection of the benzoyl
group, leading to compound 34 in quantitative yield. Protection of the 3/ and 5’ -hydroxyl
groups with a TIPDS protective group, followed by deoxygenation via free-radical
chemistry gave compound 36 in 97% yield with selectivity of 93:7 (Li and Piccirilli, 2003).
Deprotection of the TIPDS group with TBAF generated compound 37 in high yield.
Nucleoside 37 was then converted to the olefin compound 38 (Verheyden and Moffatt,
1975). Treating exocyclic olefin with iodine and benzyltriethylammonium azide, followed
by benzoylation, provided 4’-azido nucleoside 40 in 81% yield over two steps. Oxidative
nucleophilic substitution of compound 40 with m-chloroperbenzoic acid/m-chlorobenzoic
acid in DCM afforded protected azido derivative 41, which was readily converted to 4’-
azido-2’-deoxy-2'-methyl cytidine (42) by treatment with 7-H-tetrazole and 4-
chlorophenyldichlorophosphate followed by ammonia deprotection. Final acylation of both
3’- and 5’-hydroxy groups led to the formation of TMC649128.

12.3. Clihical deVéIopment

12.3.1. Phase la—In January 2011, Medivir announced the start of phase Ia trial of the
hepatitis C polymerase inhibitor TMC649128. This first in human, double-blind,
randomized, placebo-controlled trial, was successfully completed in June 2011 to assess the
safety, tolerability, and pharmacokinetics of increasing single oral doses of TMC649128 in
nine healthy volunteers. After each administration of the drug and up to four weeks after the
last administration, safety assessments (blood and urine tests, blood pressure, pulse,
electrocardiogram, and physical examination) were performed {Medivir, 2011b; Tibotec,
2011b).

12.3.2. Phase Ib—In June 2011, Tibotec initiated a phase Ib, double-blind, randomized
and placebo-controlled study in GT1 HCV-infected individuals to evaluate the safety,
tolerability, pharmacokinetics and antiviral activity of multiple ascending doses of
TMC649128 given as monotherapy and in combination with IFN and RBYV. The
pharmacokinetic/pharmacodynamic relationship for antiviral activity, active metabolite and
safety of TMC649128 and its metabolite were assessed. The short-term safety and
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tolerability of the co-administration of TMC649128 and IFN plus RBV during multiple
dosing for 14 days in treatment-naive GT1 HCV-infected participants was explored. The

short-term antiviral effect of the combination of TMC649128 with IFN and RBV was also
preliminary assessed (Medivir, 2011c; Tibotec, 2011a).

12.3. Conclusions

In November 2011, this study was terminated, since the antiviral activity was considered
insufficient to warrant further clinical development of TMC649128 (Medivir, 2011a).

13. GS-6620

13.1. Preclinical development

GS-6620 (Butler et al., 2011; Butler et al., 2009; Cho et al., 2011a; Cho et al., 2011b; Cho
and Wolckenhauer, 2011) is a pangenotypic, liver-targeted nucleotide prodrug developed by
Gilead Sciences for the treatment of HCV. GS-6620 was shown to have a favorable
inhibitory profile in vitro whereby the incorporation of corresponding triphosphate resulted
in chain-termination. Cell culture resistance selection assays reported the selection of the
$282T mutation in the NSSB viral polymerase. This mutation conferred >200-fold
resistance in in vitro experiments with purified recombination $282T mutant enzyme
(Fenaux et al., 2011). Oral administration of GS-6620 to animals resuited in efficient
delivery of the nucleoside triphosphate metabolite into the liver (Lawitz et al., 2012b).

13.2. GS-6620 synthesis

The synthesis of GS-6620 is outlined in Scheme 11 (Cho et al., 2013). The tribenzylated 2’-
C-Me sugar 43 was efficiently connected to the heterocyclic base 44 under lithium-halogen
exchange conditions. The 1’-cyano group was introduced under Lewis acid conditions to
give 46 which was followed by a boron trichloride promoted debenzylation to give C-
nucleoside analog 47. Formation of the 5’-phosphoramidate and 3’-isobutyl ester are
preformed utilizing standard nucleoside protocols to give GS-6620.

13.3. Clinical development

The favorable preclinical characteristics of this compound made it a candidate for phase 1
clinical trials wherein safety, tolerability, pharmacokinetics and antiviral activity were
evaluated in a multi-center, randomized, placebo controlied, multiple-dose escalation first-
in-man study in 2010. Out of the ninety treatment-naive subjects enrolied in the study,
twelve showed signs of mild adverse events related to treatment. Two subjects who received

the highest dose of treatment (900 mg BID) had virus levels below the limit of detection at
the end of the five-day dosing period.

13.4. Conclusions

Although GS-6620 was safe and well tolerated over five day of administration period, it was
found that exposure to the drug was markedly lower in humans as compared to pre-clinical
animal studies with substantial intra- and inter-subject variability seen in all cohorts. Gilead
Sciences indicated that without further optimization of drug delivery to improve PK and

antiviral activity, future clinical development would not occur for GS-6620 (Lawitz et al.,
2012b). '

14. ALS-2200 (VX-135) and ALS-2158

In June 2011, Vertex licensed both a purine and pyrimidine nucleoside prodrug inhibitors of
HCV NS5B polymerase from Alios Biopharma (Vertex, 2011). Both uridine nucleoside
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analog ALS-2200 (VX-135) and adenosine nucleotide analog ALS-2158 (Beigelman et al.,
2010; Beigelman et al., 2012a; Beigelman et al., 2012b; Smith et al,, 2012) entered phase |
clinical trials in December 2011. The exact structure of these nucleoside analogs has not yet
been disclosed. ‘

14.1. ALS-2258 clinical development

In an early clinical study, the purine ALS-2158 did not show sufficient antiviral activity and
the study was discontinued in September 2012 (Vertex, 2012b).

14.2. ALS-2200 clinical development

On the other hand, preliminary seven-day viral kinetic data with the pyrimidine prodrug
ALS-2200(VX-135) administered at 200 mg QD (Marcellin et al., 2012) demonstrated a
median drop of 4.18 log ;o (range ~3.6, —5.2) in HCV RNA in combination with RBV in
treatment-naive chronic HCV subjects with GT1. Five of eight subjects achieved HCV RNA
levels below the limit of quantification, and two of these five achieved HCV RNA levels
below the limit of detection after seven days of dosing. Similar results were obtained with
monotherapy of ALS-2200 (200 mg, once-daily, seven days). Adverse events during the
study were mild to moderate with no subject discontinuations. :

14.2.1. Phase ll—As of November 2012 (Vertex, 2012a, d) future multiple phase II
developments of ALS-2200 (VX-135) were envisaged: the first one was initiated with
GlaxoSmithKline’s NS5A inhibitor GSK2336805 (Vertex, 2012d) (Fig. 14) but was
terminated in June 2013 when Vertex and GSK mutually decided to cease the collaboration
for a phase II study and prioritized other projects. A second study is planned for the second
half of 2013 with VX-135 in combination with Janssen’s protease inhibitor simeprevir
(TMC435, Fig. 12) in patients with GT1 HCV (Vertex, 2012a). Vertex also planned to
begin a study of VX-135 in combination with protease inhibitor Incivek® (telaprevir), the
company’s existing drug for persons with chronic GT1 HCV. Two additional studies include
evaluating the safety and efficacy of VX-135 plus RBV in treatment-naive subjects with
chronic Hepatitis C and planned study to evaluate the safety, efficacy, pharmacokinetics and
pharmacodynamics of VX-135 and daclatasvir in GT! chronic hepatitis C subjects. All of
these Phase II studies will evaluate safety, tolerability and SVR 12 using 12 week all oral
regimens in subjects with GT1 HCV. So far, Vertex completed dosing of 100 mg and 200
mg of VX-135 in combination with RBV in Europe and both doses were well tolerated with
no discontinuations. No serious adverse events have been reported and no liver or cardiac
safety issues have been identified. Most recently, in April 2013, Vertex started a study of
100 and 200 mg doses of VX-135 in combination with daclatasvir (BMS-790052), an NSSA
inhibitor being developed by BMS (Vertex, 2012c), with results expected in early 2014.
However, in July 2013, the FDA notified Vertex that a partial clinical hold had been placed
on Vertex’s ongoing phase I US study of VX-135 (Vertex, 2013). This partial hold
prevented further evaluation of the 200 mg dose of VX-135 due to reversible elevated liver
enzymes in patients receiving 400 mg of VX-135 in combination with RBV in a European
phase II study. Evaluation of the 100 mg dose of VX-135 in combination with RBV in the
U.S. continued. In addition, the recently initiated dosing of 100 and 200 mg of VX-135 in
combination with daclatasvir as part of a phase 11 study in New Zealand also continued.

15. BMS-986094 (INX-189/INX-081 89)
15.1. Synthesis of BMS-986094

BMS-986094 (Chamberlain et al., 2010; McGuigan and Perrone, 2008) is a double prodrug
of 2’-C-methylguanosine triphosphate developed by Inhibitex and later acquired by Bristol-
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Myers Squibb (Fig. 15). The synthetic route started with trimethylsilyl (TMS) triflate
mediated glycosylation of tetrabenzoyl 2/-C-methyl sugar 4 and 6-chloroguanine. The
resulting: benzoylated 6-chloro nucleoside 49 was then converted to unprotected 6-O-methy]
analog 50 by substitution of the chlorine with sodium methoxide in methanol at room
temperature. For the prodrug portion, the phosphorochloridate 53 was prepared in two steps
by treatment of 1-naphthol with phosphorus oxychloride in presence of triethylamine
followed by reaction with t-BuCH;-L-valine ester. Finally, reaction of (53) with (50) was
conducted in THF in presence of N-methylimidazole (NMI) to generate the target
compound, BMS-986094, in 18% yield as a mixture of diastereoisomers (Scheme 12)
(McGuigan et al., 2010a; McGuigan et al., 2010b). As the anti-HCV activity and estimated
half-life values were very similar between the two phosphorous diastereomers,
BMS-986094 was tested as a mixture in the latter studies.

This 1-naphthyl neopentyl alanine phosphoramidate derivative of 6-O-methoxy-2'-C-
methylguanosine showed potent inhibition in an HCV replicon 1b assay (ECsg=0.01 pM, -
ECgg = 0.04 pM) and demonstrated.a 500 fold greater potency than the parent 6-O-methoxy
nucleoside (Kolykhalov et al., 2009; McGuigan et al., 2010a; McGuigan et al., 2010b).
However, in comparison with other clinical anti-HCV agents, BMS-986094 was relatively
toxic in multiple cell lines, with CCsg values of 0.32,2.23, 2.81, and 15.0 pM in Huh7
(human hepatoma), HepG2 (human hepatoma), BXPC3 (human pancreatic), and CEM
(human T lymphocyte) cells, respectively (Furman et al., 2011). Other studies showed that
BMS-986094 caused bone marrow toxicity in the low micromolar range along with toxicity
in kidney, blood, skeletal muscle, CNS and intestinal cells. Additional studies suggested that
BMS-986094 could cause unique tissue specific toxicity based on in vitro assay results, with
the lowest CCs values in bone marrow cells (Hutchins et al., 2009; Standring, 2012).
Furthermore, in a 14-day study, no appreciable nucleoside analog-associated mitochondrial
toxicity was observed in CEM and HepG?2 cells treated with BMS-986094 up to 1 uM
(Vernachio et al., 2011). It is not clear why higher concentrations were not reported.

15.2. Clinical development

15.2.1. Phase la—In a first-in-human, single-ascending oral dose (3 mgto 100 mgor a
matching placebo) phase la study, BMS-986094 was well tolerated with pharmacokinetics
that supported once daily dosing (Patti et al., 2011). In a separate double-blind, placebo-
controlled, dose-escalation study, 70 treatment-naive HCV GT1 subjects dosed with
BMS-986094 at 9, 25, 50, 100, 200 mg once-daily for seven days resulted in a mean
decrease in viral load of —0.62, —1.02, —1.53, —2.54 and —4.25 log IU/mL, respectively.
Doses of 9, 25 and 100 mg once-daily were also investigated in combination with RBV over
seven days, producing —0.75, —1.56 and ~3.79 log)o IU/mL reduction in viral load,
respectively. The drug was well tolerated at all doses (Rodriguez- -Torres et al., 2011),

15.2.2. Phase ll—After BMS-986094 was granted Fast-Track Status by the FDA in March
2011, various Phase II trials were scheduled to commence in 2011 to continue investigating
drug combinations for longer treatment periods. After Bristol-Myers Squibb bought
Inhibitex in January 2012, INX-189 was renamed BMS-986094. A 12 week Phase Il clinical
study in GT2/3 treatment-naive individuals, in which BMS-986094 was dosed at either 0,
25, 50 or 100 mg in combination with RBV and IFN resulted in RVR rates of 58%, 82%,
78% and 75%, cEVR rates of 92%, 93%, 100% and 88%, and eRVR rates of 58%, 75%,
78% and 71%, respectively. No virologic breakthroughs were observed over the course of
therapy (Lawitz et al., 2012c). '

Antiviral Res. Author manuscripl‘; available in PMC 2015 February 01.




ldussnuey JoyIny vd-HiN Jduosnuep Joyiny vd-HIN

ydussnuepy Joyiny vYd4-HiN

Coats et al.

Page 29

15.3. Conclusions

The development of BMS-986094 was discontinued as a result of a series of significant
adverse events: in August 2012, a subject receiving 200 mg once daily dosing died of heart
failure and another eight subjects were diagnosed with severe kidney and heart damage
(Sheridan, 2012). The study was suspended and further development of BMS-986094 was
discontinued; however, a follow-up safety evaluation in subjects who participated in prior
clinical studies is ongoing (BMS, 2012). The cause(s) of these serious side effects are still
under investigation at this time. It is not clear if the observed toxicity was due to the
nucleoside triphosphate itself or due to potential toxic metabolites, such as neopentyl
alcohol, 1-naphthanol and methanol, released during the enzymatic cleavage of the prodrug
moiety or because of the extremely high levels of nucleoside triphosphates produced.
Cardiac toxicity for BMS-986094 was demonstrated to be dose-related and the postulated
reason for the cardiac toxicity was mitochondrial toxicity. As mentioned above, 2-C-MeG-
TP has been shown to be a substrate for incorporation by human mitochondrial RNA
polymerase (Amold et al., 2012). Toxicities observed during preclinical in vitro studies
should have resulted in closer monitoring of clinical toxicities that would have led to an
earlier discontinuation of the clinical study of BMS-986094.

16. Lessons Learned

To date, nucleoside inhibitors appear to be the most promising of the three classes of direct-
acting antiviral agents currently in phase 111 clinical studies. Recent progress in the
development of nucleoside prodrugs, particularly sofosbuvir, solidifies our belief that this
agent could become the best-in-class and backbone of future HCV combination
chemotherapy. As such, sofosbuvir is an important milestone in the fight against HCV. The
unforeseen surprises noted with nucleoside inhibitors in development are drug specific and
not a class effect. The de-risking events based on carefully conducted preclinical
developments and clinical trials suggest that we are on the verge of a huge game changer in
the field of HCV with proof-of-concept already established for an all-oral cure for HCV. It
is clear that early preclinical toxicology and pharmacology can make or break a newly drug
preferably before clinical trials are begun. The tragic events related to BMS-986094 only re-
emphasizes the need for researchers to fully preclinically evaluate compounds using robust
predictive toxicological tests and thorough toxicity screening in various cell-based systems
and particularly mitochondrial toxicity which is paramount for the success of a new
chemical entity, especially for nucleoside analogs. To assess mitochondrial toxicity, the use
of the newly developed mitovir (mitochondrial dysfunction caused by antiviral
ribonucleoside) score was recently proposed (Arnold et al., 2012). The mitovir score can be
readily obtained during preclinical studies and may be useful to quantify the mitochondrial
toxicity potential of compounds. The possibility exists that some infected persons might be
more susceptible to mitochondrial toxicity when treated with nucleoside analogs due to their
inherent mitochondrial or nuclear transcription dysfunction. The bar has been raised with the
FDA when it comes to toxicity associated with nucleoside analogs as is reflected by their

actions with IDX184 and VX-135, although exact details and guidance has not yet been
forthcoming. '

Itis also clear that the prodrug selected may enhance oral bioavailability, but may also
concurrently increase toxicity by delivering the active metabolite in high levels to
undesirable compartments causing significant off-target side effects and even death. Thus,
for treatment of HCV infection it is important that the drug is primarily liver targeted due to
first pass effect with extensive hepatic extraction and that nucleoside triphosphate
production and metabolism remain largely localized in the liver, the site of HCV replication
with low systemic exposure. In the context of a viral liver infection, it is ideal for the
nucleoside prodrug to be quickly metabolized and preferentially activated in the liver such
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that it does not go into systemic circulation and result in off-target exposure of the
nucleoside or its triphosphate. For example, the side effects that were noted with beth

IDX 184 and INX-189 would indicate that the drug was escaping first pass metabolism and
reaching some degree of systemic exposure. Additionally, the intracellular half-life of the
nucleoside triphosphate might be more important than the amount of NTP formed. After all,
the active metabolite has to persist in the liver long enough to suppress and eliminate viral
load. Furthermore, an oral prodrug that is unstable in gastric fluid/Gl tract or the plasma may
never reach its target to deliver the nucleoside monophosphate to the liver. It is also clearer
now that the most desirable nucleoside analogs are those that are pangenotypic and will be
effective in all HCV infected persons, especially the difficult-to-treat persons with advanced
liver disease including those with decompensated cirrhosis. It is also becoming apparent that
one pill may not fit all especially for underdeveloped countries where access and cost of the
best combinations may become a severe obstacle to cures (Hagan and Schinazi, 2013).

The HCV drug.development tsunami will continue and be broadly felt across many areas of
healthcare in the next decade. It is anticipated that the prospects of a cure for millions of
infected persons will in time become possible despite the cost of treatment since we have a
moral obligation to provide life saving medicines that cure globally. However, it will take
courageous leadership at various levels of society and government to succeed in eradicating
HCV globally (Hagan and Schinazi, 2013).
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Structures for ribavirin (RBV), boceprevir (Victrelis) and telaprevir (Incivek).
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Synthesis of acylsalicylic acid from salicylic acid.
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Fig. 5.
4’-Azidocytidine analogs used in the human clinical treatment of HCV.
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Metabolism and metabolites of RG7348: (a) esterases; (b) CYP3A4; (c) kinases.
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Metabolism of PSI-6130 leads to both the active triphosphate and the inactive nucleoside
PSI-6206.
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Structures of setrobuvir (ANA598, non-nucleoside polymerase inhibitor) and danoprevir
(RG7227, protease inhibitor).
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Chemical structure of HCV protease inhibitor IDX320.
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Structure of 2/-F- 2’ -C-methyluridine, PSI- 6206, and its triphosphate PSI-6206-TP.
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Structures, anti-HCV replication activity and cytotoxicity of phosphoramidate prodrug
PSI-7851 and its diastereoisomers PSI-7976 and PSI-7977.
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daciatasvir (BMS-790052) ledipasvir (G8-5885)

Fig. 12.
Structures of daclatasvir, ledipasvir and simeprevir.
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Structure of prodrug TMC649128 and related nucleosides.
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Structure of GSK2336805.
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Fig. 15.
Structure of BMS-986094.
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Scheme 1.

Synthesis of valopicitabine (NM283). Reagents and conditions: (a) i. CaO, water; ii. COy,
oxalic acid, 18%; (b) BzCl, TEA, DMAP, DME, 83%; (c) Red-Al/EtOH, toluene, 99%; (d)
BzCl, TEA, DMAP, DME, 52%; (e) bis(trimethylsilyl)acetamide, cytosine, SnCly, CAN; (f)

MeONa, MeOH, r.t., 90% over two steps; (g) N-Boc-L-valine, CDI, DMAP, TEA, DMF/
THF, 91%; (h) HCI, EtOH 97%.
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Synthesis of R1479 and its prodrug balapiravir (R1626). Reagents and conditions: (a) I,
PPhs, imidazole, THF, 83%; (b) NaOMe, MeOH, 75%; (c) BnN(Et);Cl, NaN3, 4-NMM, I,
CH;CN; (d) BzCl, Pyr., 74% over two-steps; (€) KyHPOy4, m-CPBA, CH,Cl,, 71%; (f)
1,2,4-triazole, POCls, EtsN, MeCN, 88%; (g) NH4OH, MeOH, H,S0O4-isopropanol, 95%;
(h) isobutyric anhydride, KOH, DMAP, THF, 80%.
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Scheme 3.

Synthesis of PSI-6130. Reagents and conditions: (a) Ph3PC(Me)CO,Et, DCM, —40°C; (b)
KMnOy, acetone, 0 °C, 53% over two steps; (c) i. SOCl,, TEA, DCM, 0 °C; ii. aq. NaOCl,
TEMPO, NaHCO3, CH3CN, 0 °C; (d) i. TEAF, dioxane, 100 °C; ii. (MeO),C(Me),, conc.
HCl, dioxane, r.t.; (e) EtOH, conc. HCI, r.t.; (f) BzC), pyridine, r.t., 47% from (14); (g) i.
Li(O-1Bu)3AIH, THF, -20 °C; ii. Ac,0, DMAP, —20 °C; (h) i. silylated N*-benzoylcytosine,

SnCly, PhCl, 65 °C; ii. NH3, MeOH, r.t.. 29% from (18).
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Scheme 4,
Synthesis of RG7128. Reagents and conditions: (a) DMAP, THF/H,0, TEA, isobutyryl
chloride, pH 6.4, 0 °C.
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Synthesis of IDX184. Reagents and conditions: (a) TrCl, Et3N, DMAP, CH,Cl;, reflux, i
overnight; (b) NaOH, dioxane, reflux, 16 h, 92% over two steps; (c) i. CDI, toluene/DMF

(271, viv), r.t., 30 min; ii. 2-mercaptoethanol, toluene/DMF (2/1, v/v), =10 °C, 3 h; (d) i.

H3PO;, PivCl, pyridine, 0 °C to r.t., 3 b; ii. TEAB, 90% over two steps; (e) (23), PivCl,

pyridine, =15 °C, 2 h, 32%; (f) Benzylamine, CCly, r.t., 1 h, quantitative yield; (g) TFA,

CH,Cly, r.t., 30 min, 39%.
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Synthesis of PS1-7976 and PSI-7977 (sofosbuvir, GS-7977) via column purification.
Reaction conditions: (a) 70% aqueous acetic acid, 100 °C; (b) 25% methanolic ammonia, 0—
15 °C, 78% overall yield; (c) (28a) (Rp,:Sp = 1:1) (6.5 equiv), NMI (8 equiv), CHyCly, r.t,,
overnight, 6%, 1:1 mix of PSI-7976 and PSI-7977; (d) (28b) (R,:Sp ~ 1:1) (2 equiv), ¢-
BuMgCl (2.1 equiv), THF, r.t., 48 h, 47%, 3:1 mix PSI-7977:PSI-7976.
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Synthesis of single isomer PS1-7977 (sofosbuvir, GS-7977). Reaction conditions: (a) THF,
-BuMgCl (2.1 equiv) added over 30 min at r.t., stirred 30 min then (28¢), r.t., 60 h, 40 %;
(b) THF, -BuMgCl (2.1 equiv) added over 30 min at =5 °C, stirred 30 min, warmed up to

20 °C and stirred for 30 min and then cooled to 5 °C then (28d) (1.2 equiv) was added over
30 min, stirred for 18 h at 5 °C, 68%.
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Scheme 8.
Synthesis of PSI-938 intermediate lactone 29. Reagents and conditions: (a) p-Cl-BzCl, pyr.,
r.t., 70%.
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Scheme 9.

Synthesis of PSI-938. Reagents and conditions: (a) LiAl(-BuO);H, THF, —20 °C, 61%; (b)
CBry, PPh3, CH,Cly, —20 °C, 1 h, 79%; (c) 2-amino-6-chloropurine, -BuOK, -BuOH,
CH1CN, 50 °C, 16 h, 65%; (d) NaOEt, EtOH, reflux, 1 h, 92%; (e)
isopropyldichlorophosphate, NMI, EtsN, CH;Cly, 52%.
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Scheme 10.
Synthesis of 4’-azido-2’-deoxy-2’-methyl cytidine (TMC649128). Reagents and conditions:
(a) bis(trimethylsilyluracil, SnCly, CH3CN, r.t., 20 h, 96%; (b) NH3, CH;0H, 0-4 °C, 2

days, >99%; (c) TIPDSClI,, imidazole, DMF, r.t., 2 h, 65%,; (d) CICOCO,Me,; DMAP,

CH;CN, r.t,, 1 h; (e) n-Bu3SnH, AIBN, toluene, reflux, 2 h, 97% (B/a. 93:7, de 86%) over

two steps; (f) TBAF/THF, r.t,, 1 h, >99% (B/a 93:7); (g) I, PPh3, imidazole, THF, 76%; (h)
NaOMe, MeOH, 75%; (i) i. I;, NMO, Bn(Et)3;NN3; ii. BzCl, NMP, DMAP, THF, 81% over

2 steps; (j) m-CPBA, (NH4),SO4, DCM, 68%; (k) i. pyridine, 2-
chlorophenyldichlorophosphate, 1-H-tetrazole; ii. dioxane, NHj; iii. NH3, MeOH, 61% over
3 steps; (1) i-PrCOCI, TEA, DCM, r.t., >99%.
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Scheme 11. :

Synthesis of GS-6620. Reagents and conditions: (a) (44), 1,1,4,4-tetramethyl-1,4-
dichlorodisilylethylene (1.0 equiv) and n-BuLi (3.3 equiv), THF, -78 °C followed by
addition of (43), I h, 65-80%; (b) TMSCN (6 equiv), TMSOTTf (4 equiv), CH,Clp, ~15to 0
°C, 2 h, 85-95%; (c) BCl3 (3 equiv), CH,Cly, 0 °C, 1 h, 90%; (d) N-methylimidazole,
trimethylphosphate and THF, 0 °C to r.t., 2 h, overall yield 59%; (¢) i. N,N-
dimethylformamide dimethy] acetal, CH3CN, r.t., 1 h; ii. isobutyric acid, DCC, CH;CN, r.t,,
48 h; iii. water-TFA, 0 °C to r.t., 64 h, overall yield 73%.
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Synthesis of BMS-986094. Reagents and conditions: (a) 2-amino-6-chloropurine, DBU,
MeCN, TMSOTT, 65 °C, 4 h, 79%,; (b) NaOMe, MeOH, r.t., 24 h, 76%; (c) POCls, Et3N,
Et;0, =78 °C, 1 h then r.t., overnight, 95%; (d) /BuCH,-L-valine ester, Et;N, DCM, =78 °C,

1 h then r.t., 2 h; (e) NMI, THF, r.t., overnight, 18%.
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Table 1
Participants with HCV infection and results of the ELECTRON study.

Cohort # | # of Patients | Genotype | sofosbuvir (weeks) RBYV (wecks) 1IFN (wecks) SVR (%)
1 109 GT2and3 | 400mg QD (12) | 1,000 mgBID (12) @) | SVR24 (200)
2 109 GT2and 3 400 mg (12) 1,000 mg BID (12) (f) SVR24 (100)
3 109 GT2and 3 400 mg (12) 1,000 mg BID (12) (12) SVR24 (100)
4 109 GT2 and 3 400 mg (12) 1,000 mg BID (12) none SVR24 (100)
5 104 GT2and3 | - 400mg(12) none none SVR24 (60)
6 104 GT2 and 3 400 mg (8) 1,000 mg BID (8) ®) SVR24 (100)
7 250 GT2 and 3 400 mg (8) 1,000 mg BID (8) none SVR24 (100)
8 109 GT2and 3 400 mg (8) 800 mg BID (8) none SVR24 (60)

9 95b GT2and 3 400 mg (8) 1,000 mg BID (8) none RVR (100)
SVRI2 (68)

10 L0¢ GTI 400 mg (12) 1,000 mg BID (12) none SVR12 (10)
11 250 GTI 400 mg (12) 1,000 mg BID (12) | none SVR12 (84)

a, . .
Treatment-naive patients;

b . .
Treatment-experimented patients;

cNull-responders
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