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RESPUESTA AL AUTO NOTIFICADO POR FIJACION EN LISTA

DEL 21 DE ENERO DE 2014, OFIC10 NO. 236 (EXAMEN DE FONDO)

ALVARO CORREA ORDONEZ, mayor de edad y vecino de Bogota D.C.,, identificado tal como
aparece al pie de mi firma, en mi caracter de apoderado de la sociedad en referencia, doy

respuesta al auto emanado por ese Despacho dentro del término legal:

1. Objeciones dei Examinador

1.1 Descripcién (Art 28 D 486)

El examinador establece que la descripcion no divulga el efecto sinérgico de la combinacidn
de un inhibidor de NS3/4A de formula (I1), un inhibidor NS5A de férmula (T) y ribavirina
de manera suficientemente completa para que la persona del oficio normalmente versada en

la materia pueda ejecutarla.
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1.2 Nivel inventivo

El examinador establece que los siguientes documentos D1 y D2 afectan el nivel inventivo

de las reivindicaciones 1 a 9 de la solicitud en estudio:

Fecha de

f umento [ i
Item Document Titulo Publicacién

“Crystalline forms of n-(tert-
butoxycarbonyl)-3-methyl--valyl-(4R)-4-
{{7-chloro-4-methoxy-1-isoquinolinyljoxy)-
n-((1R,2S)-1-((cyclopropylsulfonyl)
carhamoyl)-2-vinylcyclopropyl)-I-
prolinamide”

D1 WO02009085659 09/Julio/2009

ftem Documento Titulo Fec_ha ‘!?
Publicacion
“Crystalline form of methyl ((15)-1-(((25)-2-
(5-(4-(2-((25)-1-((25)-2-(methoxycarhonyl)
amino)-3-methylbutanoyl)-2-pyrrolidinyl)- _
D2 W02009020828 1H-imidazol-5-yl)-4-hiphenylyl)-1H- 12/Febrero/2009
imidazol-2-yl)-1-pyrrolidinyl)carbonyl)-2-
methylpropylicarbamate dihydrochloride
salt”

Y argumenta en forma resumida lo siguiente:

La reivindicacion 1 consiste en una composicion que comprende una cantidad
terapéuticamente efectiva de un inhibidor HCV especifico de formula (I) o una sal del
mismo y una cantidad terapéuticamente efectiva de un inhibidor de proteasa NS3 del
HCV especifico de formula (IT) o una sal del mismo y un portador farmacéuticamente

aceptable.
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an,

El examinador efectlia la siguiente comparacion entre la reivindicacion 1y los documentos

D1y D2:

de un inhibidor de proteasa
NS3 del HCV especifico de

formula (i) o una sal del |

(Pé&g. 17, Tabla 1)

_ICaracteristicas esenciales D2 D1
Una  composicion  que | Una composicion que | Una composicion que
comprende: conmprente: comprende:
i) una cantidad | un inhibidor de NS5A para el | No menciona
' terapéuticament | ratamiento del HCV de formula
e efectiva de un | () (Pag. 1, Lineas 12 a 18)
inhibidor  HCV
especifico  de
formula (1) o
una sal  del
mismo
una cantidad | un inhibidor de serina proteasa | un inhibidor de NS3/4A para el
terapéuticamente  efectiva | NS3 de HCV, tal como telaprevir | tratamiento del HCV de férmula

(1Y) (Pag. 1, Lineas 10 a 16)

mismo

y un portador | Un portador aceptable (Pag. 15, | Un portador aceptable (Pag. 18,
farmacéuticamente Lineas 15 a 19) Lineas 5a9)

aceptable.

El documento D2 se considera el estado de la técnica cercano a la invencién definida en la

reivindicacion 1 porque el documento D2 divulga combinaciones y composiciones del

compuesto de formula (I) un inhibidor de NSSA util en el tratamiento del HCV (Pag. 1,

Lineas 12 a 18) y un inhibidor de serina proteasa NS3 de HCV, tal como telaprevir (Pag. 17,

Tabla 1). D2 sefiala que las combinaciones del compuesto de formula (IT) con el inhibidor se

serina proteasa puede resultar en un efecto sinérgico en la actividad citotoxica frente al .

HCV por la combinacién de los mecanismos de accion de los farmacos (Pag. 8, Lineas 15 a

24).

Por su parte, el documento D1 divulga el compuesto de formula (IT) un inhibidor de NS3/4A

para el tratamiento del HCV (Pag. 1, Lineas 10 a 16) y composiciones del mismo.
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Las diferencias entre la invencién, definida en la reivindicacion 1 y la composicion
divulgada en el documento D2 consiste en que D2 no enseiia espe/ciﬁcamcnte el inhibidor
NS3 de formula (I1).

Las diferencias entre la invencion, definida en la reivindicacion 1 y la composicién
divulgada en el documento D1 consisten en que D1 no ensefia la incorporacion de un

inhibidor NS5A.

El efecto que se logra por el hecho de combinar el inhibidor NS5A de formula () y el

inhibidor NS3 de formula (IT) es obtener un efecto sinérgico en la actividad citotéxica

frente al HCV.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencién se puede
formular asi: como modificar una combinacion sinérgfca de un inhibidor NSSA de formula
() y un inhibidor NS3 de HCV divulgada en D2 empleando el inhibidor NS3 de HCV de
férmula (IT) divulgado e‘n D1 para obtener una composicién con actividad citotoxica

sinérgica frente al HCV,

En consecuencia, la persona del oficio normalmente versada contaba con la sugerencia o
motivacién razonable para modificar la combinacién sinérgica de un inhibidor de NS5A de
féormula (T) y un inhibidor de serina proteasa NS3 de HCV, tal como telaprevir (Pag. 17,
Tabla 1) divulgada en D2, cambiando el inhibidor de serina proteasa NS3 telaprevir por el
inhibidor de serina proteasa NS3 de férmula (II) divulgado_en D1, por lo cual la materia

reclamada se considera obvia.

En conclusion, la reivindicacién 1 no cumple con el requisito de nivel inventivo (Art.18) y
puesto que las reivindicaciones 2 a 6 no reivindican elementos esenciales que la hagan
inventiva, dichas reivindicaciones tampoco cumplen con el citado requisito.

Reivindicaciéon 7

Con relacion a la reivindicacion 7 el examinador efectia la siguiente comparacion entre

dicha reivindicacion y los documentos D1 y D2.
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Caracteristicas esenciales D1 D2
Una  composicion  que | Una composicién que | Una composicion que
comprende: comprende: : comprende:
ii) una cantidad | No mencioha un inhibidor de NSS5A para el
terapéuticament tratamiento del HCV de féormula
e efectiva de un (I (Pag. 1, Lineas 12 a 18)

inhibidor  HCV
especifico  de
formula (1) o

una sal del

miso
Caracteristicas esenciales pl D2
Lna cantidad | un inhibidor de NS3/4A para el | un inhibidor de setina proteasa
terapéuticamente  efectiva | tratamiento del HCV de formula | NS3 de HCV, tal como telaprevir
de un inhibidor de proteasa | (1) (Pag. 1, Lineas 10 a 16) (Pag. 17, Tabla 1)

NS3 del HCV especifico de
formula (i) o una sal del
mismo

uno o dos compuestns | interferdn «2h vy fibavirina (Pag. | No menciona
adicionales con actividad | 18, Tabla 1)
anti-HCV donde al menos
uno de los compuestos es
un interferdn o rihavirina

y un portador | Un portador aceptable (Pag. 18, | Un portador aceptable (Pag. 15,
farmacéuticamente Lineas5a9) Lineas 15a 19)
aceptahle.

El docnilnenfo D1 se considera el estado de la técnica cercano a la invencion definida en la
reivindicacion 7 porque el documento D1 divulga el compuesto de formula (1) un inhibidor
dé NS3/4A para el tratamiento del HCV (Pag. 1, Lineas 10 a 16) y composiciones del
mismo. Especificamente D1 divulga la combinacion con interferon o2b/ribavirina, entre

otros (Pag. 18, Tabla 1).

Por su parte, el documento D2 divulga combinaciones y composiciones del compuesto de
féormula (T) un inhibidor de NS5A 1itil en el tratamiento del HCV (P4g.1, Lineas 12 a 18) y
un inhibidor de serina proteasa NS3 de HCV, tal como telaprevir (Pag. 17, Tabla 1). D2
sefiala que las combinaciones del compuesto de formula (1) con el inhibidor se serina
proteasa puede resultar en un efecto sinérgico en la actividad citotdxica frente al HCV por la

combinacion de los mecanismos de accion de los farmacos (Pag. 8, Lineas 15 a 24).



Las diferencias entre la invencién, definida en la reivindicacion 1 y la composicién
divulgada en el documento D1 consisten en que D1 no ensefia la incorporacion de un

inhibidor NS5A.

Las diferencias entre la invencién, definida en la reivindicacion 1 y la composicion
divulgada en el documento D2 consiste en que D2 no ensefia especificamente el inhibidor

NS3 de formula (IT) y la combinacién concomitante con otros farmacos anti-HCV.

El efecto que se logra por el hecho de combinar el inhibidor NS5A de formula (1), un
inhibidor NS3 de formula (II) y al menos un compuesto anti-HCV seleccionado de
interfer6n o ribavirina es obtener una composicion con actividad citotéxica sinérgica

frente al HCV.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se puede
formular asi: como modificar una composicion sinérgica de un inhibidor de NS3/4A de
féormula (1), interferén y ribavirina divulgada en D1 incorporando el inhibidor NS5A de
formula (1) divulgado en la composicion de D2, para obtener una composicion con actividad

citotdxica sinérgica frente al HCV.

En consecuencia, la persona del oficio normalmente versada contaba con la sugerencia o
motivacién razonable para modificar la composicion sinérgica de un inhibidor de NS3/4A
de férmula (I1), interferén y ribavirina divulgada en D1,incorporando el inhibidor NS5A de

formula (I) divulgado en D2, por lo cual la materia reclamada se considera obvia.

Concluye el examinador que las reivindicaciones 7,8 y 9 no cumplen con el requisito de
nivel inventivo.

2. Argumentos a favor de la patentabilidad de la solicitud

2.1 Descripcion

Con relacién a la observacion de su Despacho en cuanto a que la descripcion no divulga el

efecto sinérgico de la combinacién de un inhibidor de NS3/4A de formula (IT), un inhibidor
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NS5A de formula (I) y ribavirina de manera suficientemente completa para que la persona
del oficio normalmente versada en la materia puedé ejecutarla, mi representada manifiesta
que esta en desacuerdo ya que en lo largo de la descripcion se presentan ejemplos que
sustentan la invencién. Adicionalmente, con ‘el presente escrito se anexan datos
comparativos que claramente demuestran que la combinacién de la solicitud en estudio es
inesperada y sorprendente lo cual le otorga altura inventiva, tal como se demuestra a

continuacion.

22 Nivel inventivo

El nivel inventivo de una solicitud se encuentra definido en el Articulo 18 de la Decision
486 y se establece cuando “si para una persona del oficio normalmente versada en la
materia técnica correspondiente, esa invencion no hubiese resultado obvia ni se hubiese

derivado de manera evidente del estado de la técnica”.

Contrario a lo que plantea el Examinador, los documentos del arte previo citado no afectan
el nivel inventivo de la presente solicitud por cuanto no es posible derivar la presente
invencion a partir de las ensefianzas presentadas en los documentos D1 y D2.

Al respecto, mi representada presenta los siguientes argumentos:

Es bien conocido en el campo del tratamiento de la Hepatitis C que los resultados de

combinar diferentes tratamientos terapéuticos son impredecibles y que muchas

combinaciones no proporcionan resultados sinérgicos. Aunque no se puede decir
definitivamente que cada combinacion fuera mas que aditiva, los resultados muestran que
estos fueron al menos aditivos y no demostraron antagonismo. Aunque no pueda esperarse
para estas combinaciones que sean antagonistas, el principal problema con estas
combinaciones es que no hay una expectativa sélida para ningiin resultado dado.

El antagonismo es posible siempre que sean aditivas y sinérgicas. La naturaleza inesperada

de combinar compuestos es lo que hace a la combinacion exitosa inesperada e inventiva.

Desde que se presentd la solicitud se obtuvieron datos clinicos que muestran que casi la
mitad de los pacientes a los que se les dio los dos componentes en la ausencia de

interferona-alfa pegilada y ribavirina tenian una respuesta virologica completa a las 12
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semanas, lo que significa que ellos no tenian HCV RNA detectable. En combinacién con el
interferona-alfa pegilada y ribavirina, el 90% de los pacientes demostraron este efecto. Los

resultados estin adjuntos. Estos datos claramente sustentan el nivel inventivo de la

combinacion reclamada.

Adicionalmente, para sustentar el nivel inventivo se adjunta con este escrito_un documento

publicado_en julio_de 2012 que sustenta la patentabilidad de las combinaciones

reclamadas. En la Figura 1 de la pagina 5233 se muestra que la combinacion del tratamiento
con daclatasvir (DCV) y asunaprevir (ASV) reduce el surgimiento de colonias resistentes.
Especificamente, la figura la muestra las células incubadas por 4 semanas con una
combinacién de DCV y ASV en combinacion junto con estas conteniendo solamente un
agente u otro agente. Se puede observar que el surgimiento de resistencia se reduce
significativamente (fal como se muestra en las placas en la esquina inferior derecha) cuando
fos dos compuestos se administran juntos con relacion a cuando cada agente se administra
solo. No habia expectativa de éxito de que esta combinacién particular mostrara estos
resultados haciéndola de esta forma inventiva. El éxito limitado hasta el momento de otras
combinaciones (mi representada es la primera en presentar para todas las combinaciones
orales, basado en terapia sin-IFN, sin-RBV ) lo que demuestra ademas el nivel inventivo de

esta combinacion en particular.

En conexién con lo anterior, traigo a colacién lo expuesto por la Guia 'para Examen de
solicitudes de patente expedida por la Superintendencia de Industria y Comercio, en la
pagina 126, numeral 9.5.2 relacionada con la informacién complementaria y ejemplos

comparativos para sustentar el nivel inventivo:
"Ante una objecion por falta de nivel inventivo el solicitante puede:

presentar argumentos o documentos para demostrar que habia prejuicio técnico que
conducia al experto en la materia contrario a la invencion, o aportar pruebas, tales como
ensayos comparativos, que demuestran la presencia de un efecto técnico sorprendente o

una ventaja de la invencion respecto al estado de la técnica cercano..”

' Guia para examen de solicitudes de patente de invencién y modelo de utilidad, SIC, mayo de 2011.



Solicitamos respetuosamente al examinador revisar los datos y publicacion que se presenta

con este escrito como sustento del nivel inventivo de la solicitud en estudio.

Teniendo en cuenta los argumentos arriba expuestos asi como los datos comparativos y
publicacion que sustenta la patentabilidad de esta invencion, se puede concluir que la
solicitud que la invencion propuesta por el solicitante cumple con los requisitos de

patentabilidad y de esta manera es susceptible de ostentar el titulo de patente de invencién.
En virtud de lo anterior, solicito que se acepten las razones expuestas en el presente
documento y en consecuencia, se otorgue el privilegio de patente de invencioén para el

invento que se tramita en este expediente.

Atentamente,

LVARO TA ORDONE
C.C.No0.79.143.366 de Usaquén
T.P.20.281 ‘

Anexos: - Datos de prueba que sustenta nivel inventivo
- Publicacion de julio de 2012 que sustenta patentabilidad

BOGMGT/BOGDMS-#2058832-V1-P2012_000017-MEMORIAL_RESPUESTA_AUTO_DE_FONDO.DOC



Group A: NS34 Inhibitor | Group B: NS3A4 Inhibitor,
and NS3 Protease NS3 Protease Inhibitor,
Inhibitor (n=11) Pegylated Interferon
Alpha and Ribarvirin
(n=10)
Genotype 1a (n) 9 9
Median Baseline HCV 6.9 logio 6.7 logio
RNA TU/mL
Median HCV RNA -5.1 logio -5.3 logyo
Decline Week 2 TU/mL
RVR* n(%) 7 (63.6%) 6 (60%)
eRVR* n(%) 4 (36.4%) 6 (60%)
cRVR* n(%) 5 (45.5%) 9 (90%)**

RVR (rapid virologic response) = undetectable HCV RNA at Week 4 of treatment

eRVR (extended rapid virologic response) = undetectable HCV RNA at both Week 4 and Week 12 of
treatment _ ,

cRVR (complete rapid virologic response) = undetectable HCV RNA at Week 12 of treatment
*Intent-to-treat analysis; breakthrough = failure

*# One subject with HCV RNA <25 TU/mL at Week 12, undetectable (UD, <10 TU/mL) on retesting.

The antiviral activity of the NS5A inhibitor (formula (1); 60 mg QD) and the NS3 protease
inhibitor (formula (I1); 600 mg BID) alone (Group A) or with pegylated interferon alpha and ribavirin
(Group B) for 24 weeks in HCV genotype 1 null responders. The primary aim was to determine the
proportion of subjects achieving undetectable HCV RNA (<10 TU/mL) at Weeks 2 and 4 of therapy and
24 weeks post-treatment. A Week 12 interim analysis was performed. Twenty-one patients (11 Group
A, 10 Group B) Were randomized in a sentinel cohort. The median age was 55 years; 13 were male and
16 were white.

As shown in Table 2, six (54.5%) subjects experienced viral breakthrough while all subjects in
Group B maintained viral suppression. Viral breakthrough occurred exclusively in individuals infected
with genotype 1a, occurring as early as Week 3 and as late as Week 12. The two genotype 1b subjects
in Group A remained HCV RNA undetectable. The six subjects with breakthrough received additional
pegylated interferon alpha and ribavirin. HCV RNA fell to undetectable in two subjects and to <25

TU/mL in another two subjects while the other two had >1.5 log decreases in HCV RNA. No deaths,

10



significant adverse events, or discontinuations due to adverse events were recorded during the analysis

period. Diarrhea was the most common adverse event and was mainly mild to moderate in severity.

N
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Effect on Hepatitis C Virus Replication of Combinations of Direct-
Acting Antivirals, Including NS5A Inhibitor Daclatasvir

Lenore A. Pelosi, Stacey Voss, Mengping Liu, Min Gao, and Julie A. Lemm

Pepantment of Viralagy, Brstal-Myers Squibib Research & Develapment, Wallingford, Connecticut, USA

Three hepatitis C virus (HCV) inhibitors, asunaprevir (ASV; BMS-650032), daclatasvir (DCV; BMS-790052), and BMS-791325,
each targeting a different nonstructural pratein of the virus (NS3, NS5A, and NS51, respectively), have independently demon-
strated encouraging preclinical profiles and are currently undergoing clinical evaluation, Since drug-resistant variants have rap-
idly developed in response to monotherapy with almost all direct-acting antiviral agents (DAAs) for HCV, the need for combina-
tion therapies to effectively eradicate the virus from infected patients is clear. These studies demonstrated the additive-
synergistic elfects on replicon inhibition and clearance of combining NS3 protease or NS38 RNA polymerase inhibitors with the
first-in-class, NSSA replication complex inhibitor daclatasvir (DCV) and reveal new resistance pathways for combinations of two
small-molecule inhibitors that differ from those that develop during monotherapy. The results suggest that under a specific se-
lective pressure, a balance must be reached in the fitness costs of substitutions in one target gene when substitutions are also
presentin another target gene. Further synergies and additional novel resistance substitutions were observed during triple-com-
bination treatment relative (o dual-drug therapy, indicating that, in combination, HCV inhibitors can exert cross-target influ-
ences on resistance development. Enhanced synergies in replicon inhibition and a reduced frequency of resistance together lend
strong support to the utility of combinations of DAAs for the treatment of HCV, and the identification of altered resistance pro-

files during combination treatment provides useful information for monitoring resistance in the clinic.

epatitis Cvirus (T1CV) isa positive-stranded RNA virus in the

Flaviviridae family of enveloped virions which affects an es-
timated 170 million people worldwide and is the major cause of
chronic hepatitis. Currently, approximately 50% of patients in
fected with genotype 1 (gt 1), the most prevalent form of the virus,
fail to achieve a sustained reduction in viral load with therapy
employing pegylated alpha interferon (IFN-a) plus ribavirin
(alfa/RBV) (52, 54, 56). A substantial fraction (20%) of chroni-
cally infected patients develop serious progressive liver disease,
including cirrhosis or hepatocellular carcinoma. alfa/RBY treal-
ment is associated with a high incidence (=30%) of adverse ef-
tects, some of which are of sufficient severity to cause patients to
discontinue therapy (56). Despite the recent approval of two new
direct-acting antiviral agents (DAAs), boceprevir and telaprevir,
lor use in combination with alfa/RBV (18, 47), their use may bhe
limited by poor efficacy in some patient populations, inconve-
nient 3-times-daily dosing of the DAA, and association with side
elfects, including anemia, rash, and gastrointestinal effects, in ad-
dition to the well-documented spectrum of adverse effects associ-
ated with ally/RBV, Although addition of these DAAs to the stan-
dard of care for TICV represents a significant improvement in
patient therapy, there is stillan unmet medical need lor new agenis
and more-tolerable treatment regimens for newly diagnosed pa-
tients and those failing current therapies.

The 9.6-kb HCV genome encades a polyprotein afabout 3,000
amino acids via translation of a single, uninterrupted open read-
ing frame. The polyprotein is cleaved co- and postrranslationally
in infected cells by cellular and virus-encoded proteases 1o pro-
duce a multicomponent replication complex (8, 33). The serine
protease encoded by the N-terminal region of NS3 is thought to be
responsible for all downstream cis and trans proteolytic cleavages
(9, 17). NS5A possesses no known enzymatic activily, but exists in
different states of phosphorylation, and influences multiple func-
tions at various stages of the viral replication cycle (41, 58). It has

5230 aac.asm.org
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been shown to interact with an extensive array of host proteins and to
play a role in 1FN resistance (37, 40). NS5B is the RNA-dependent
RNA polymerase responsible for replication of HCV RNA (1, 4).

The essential roles of nonstructural proteins NS3 to NS5 in
viral replication render each an attractive target for antiviral inter-
vention (2), Clinical proof of concept has been achieved for a
number of DAAs targeting some of these proteins, including the
serine protease activity of NS3 (11, 16, 25, 31, 32, 45, 53) and the
RNA-dependent RNA polymerase activity of NS5 (20, 26, 46; H.
Tatum et al, poster 1163, presented at the 47th European Associ-
ation for the Study of the Liver [EASL] Congress, Barcelona,
Spain, 18 10 22 April 2011). More recently, daclatasvir (DCV)
(Table 1) was the first NS5A replication complex inhibitor to show
proolof concept in the chinic, demonstrating in early clinical rest-
ing the potential for this class of inhibitor to became a valuable
component of an all-oral treatment regimen for HCV (15).

The high turnover rate and error-prone nature of the HCV
RNA polymerase contribute to the production of potentially re-
sistant viral quasispecies. In practice, resistance has emerged to all
small-molecule inhibitors of TICV tested as monotherapy except
some nucleoside-nucleotide NS5 inhibitors, Resistance muta-
tions have been identified both i vitro and i vivo upon treatment
with nearly all inhibitors of HCV serine protease, NS5A, or allo
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TABLE 1 I vitro antiviral profiles of BMS HCV inhibitors”

Characterization of Daclatasvic in DAA Combinations
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sleric RNA polymerase inhibitors advanced to date (3, 19, 22, 23,
24, 30, 36, 38, 51, 52, 57, 60, 62), with good correlation observed
between resistance emergence in the replicon system and in vivo.
Recent literature indicates that treatment with combinations of
non-cross-resistant inhibitors not anly improves antiviral activity
during treatment but also suppresses the postireatment viral re-
hound often associated with monotherapy (19, 21, 26). To achieve
a sustained viral response (SVR), it wonld be essential to use com-
bination therapies similar to those that have recently been ex-
plored in replicon studies (5, 10, 29), animal models (44), and
patient studies (14, 51) as a viable approach to improving the
efficacy, tolerability, and compliance issues associated with cur-
rent therapies. For this report, the effects of a combination ap-
proach to HCV therapy have been studied in the HCV replicon
system using two- and three-drug combinations that include an
NS5A replication complex inhibitor (DCV), the NS3 protease in-
hibitor asunaprevir (ASV), and the nonnucleoside NS5 RNA
polymerase inhibitor BMS-791325,

MATERIALS AND METHODS

Celllines. Bovine viral diarrhea virus (BVDV ) and HCV replican cell lines
were previously described (27, 43) and were propagated in Dulbecco’s
modified Eagle's medium (DMEM) containing 2 mM 1-glutamine, 10%
fetal bovine serum (FBS), and penicillin-streptomycin, with or withont
0.3 10 0.5 mg/ml Geneticin (GA18).
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Lfficiency of replicon clearance from cultured cells. HCV replicon
cells (6 10" per well in 6-well plates) and BVDV replicon cells (4 % 10
per well) were treated with various 50¢% effective concentrations (EC,,s)
ol inhibitors in cell growth media for | week. After 7 days, media contain-
ing inhibitor were removed and cells were maintained in growth media
cantaining 0.5 mg/ml G418, Media were changed twice weekly for a pe-
riod of —4 weeks. Plates were washed, and colonies were counted after
cells were stained with 0.2% crystal violet. All conditions were tested in
duplicate and repeated in separate experiments.

Selection of populations with reduced susceptibility to HCV inhib-
itors, HCV replicon cells were plated at a density of 6 X 10" per 60-mm-
diameter plate and mainrained in growth media with 0.3 mg/ml G418 and
various concentrations of inhibitor(s). BV DV replicon cells, plated at 2 <
10" per 60-mm-diameter plate, were maintained in growth media con-
taining 0.5 mg/ml G418 and treated in parallel with the same inhibitors.
Fresh media containing compound were added every 3 1o 5 days for a total
of 4 weeks, after which plates were washed and cells were stained with
0.2% crystal violet or further selected for testing. All concentrations were
tested in duplicate, and selections were repeated in separate experiments.
gt Ih cultures undergoing triple-combination treatment required gradual
(1.5- to 2-fold) ramping of drug concentrations, starting with the 5x-
selected population, allowing 4 weeks incubation for each escalation in
concentration in order to select high-level resistance.

HCV replicon luciferase and FRET assays. To evaluate compound
efficacy, HCV replicon cells were incubated in 96-well plates in the pres-
ence of compound for 3 days. For replicons containing a luciferase re-
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porter gene, Renilla luciferase activity was then assayed using a Renilla
Luciferase Assay System or DualGlo Luciferase Assay System (Promega
Corporation, Madison, W1}, according to the manufacturer’s directions.
Plates were read on a TopCount NXT Microplate Scintillation and Lumi-
nescence Counter (Packard Instrument Company, Meriden, CT). For
replicons lacking a reporter gene, a fluorescence resonance energy transfer
(FRET) assay monitored NS3 protease activity as a measure of HCV rep-
licon levels (43), The 50" effective concentration (FC.,) was calculated
using the four-parameter logistic formula ¥ = A + [(B = AW + (CV
OV, where A and B denote minimal and maximal percent inhibition,
respectively, C represents the EC.,, 1) vepresents the hill slape, and x
represents the compound concentration,

Cell-based inhibitor combination assays. Tor combination studies,
each inhibitor was tested at 11 concentrations. The compounds were
tested as monotherapies and in combinations at various concentration
rating, Cells were exposed to compounds for 3 days, and the amount of
HCV inhibition was then determined using the Dual-Glo luciferase assay
as described above. The potential cytotoxicities of these combined agents
were also analyzed in parallel by alamarBlue staining, The 509 cytotoxic
concentration (CCg,) values were calculated using the four-parameter
logistic formula described above,

The degree ofantagonism, additivity, or synergy was determined from
combination dose-response curves which were fit to assess the antiviral
effects of the drug treatment combinations. The concentration ratios were
analyzed using the method of Chou (6). All estimates were computed
using SAS 'roc NLIN biostatistical software and a four-parameter logistic.
Combination indices were tested for departure from additivity using
isobologram methods. Asymptotic confidence intervals were also calcu-
lated for each of the combination indices. These intervals are used to test
for departure from additivity by comparing the bounds to a value of 1-—a
lower bound of the interval greater than 1 indicates antagonism, an upper
hound of less than 1 indicates synergism, and a value of | contained in the
interval indicates additivity.

Identification of mutations selected in resistant populations, RNA
was isolated from populations of resistant cells using either TRIzol or an
RNeasy 96 kit (Qiagen Inc., Valencia, CA) in accordance with the manu-
facturer's directions, First-strand ¢cDNA synthesis was performed using 1
to 3 pug of total RNA and Superscript 111 reverse transcriptase (Invitrogen,
Carlshad, CA) primed with gene-specific oligonucleotide primers. PCR
was performed nsing the cDNA and pairs of primers flanking the genes of
interest (NS3 to NS5B), PCR products were sequenced, and mutations
were wentified relative to vehicle-treated populations, PCI products were
purified and cloned using TOPO PCR cloning methods (Invitrogen,
Carlsbad, CA). DNA was sequenced from 100 clones to establish the
Irequency and coincidence of mutations in a population.

To generate mutant replicons, point mutations were generated with a
QuikChange T XL site-directed mutagenesis kit (Stratagene, La Jolla, CA)
according to the manufacturer’s instructions, and mutations were con-
firmed by sequencing.

Transient replication assays, Iteplicon clones were lincarized with
Scal and transcribed m virro using an Ambion T7 MegaScript kit (Am-
bion, Austin, TX) ora'T'7 RiboMAX Express Large-Scale RNA Production
System (Promega, Madison, W1} according to manufacturer's directions.
Transcribed RNA (3 10 5 jug) was transfected into cured Huh-7 cells
(2% 10" in 60-mm-diameter dishes) with DMRIE-C reagent {Invitro-
gen Corporation, Carlshad, CA) following the manufacturer’s protocal.
After 4106 Iy, transfected cells were transferred to 96-well assay plates (10!
cellsfwell) and incubated in the presence of inhibitors for 72 h. Renilla
luciferase assays were performed as described above.

RESULTS

Inhibition of replicon with combinations of HCV inhibitors,
The HCV replicon system is widely acknowledged as a predictive
tool lor the development of DAAs that target HCV RNA replica-
tion (2). In the gt I HCV replicon system, DCV, ASV, and BMS-
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TABLE 2 Combination of daclatasvir with asunaprevir or BMS-791325

Hatio of
indicated
inhibitor tn

Overall result(s) for indicated combination

Asunaprevir |

daclatasvir in BMS-791325 +

paired Asunaprevir + BMS-791325 + daclatasvir
Expt combinations  daclatasvie daclatasvir (1:1:1)
1 1:1 Synergy/addin Synergy Additivity
2.5:1 Synergy Additivity
[:2.5 Synergy Synergy
2 1:1 Additivity Synergy/addinvity Additivity

Synergy/acdditivity Additivity
Synerpy/addin

Synergy

3 1l Synergy Synergyfadditivity  Additivity
L5 Additivity Synergyfadditivity
1425 Synergy Synergy

791325 exhibit picomalar to low-nanomaolar potency (Table 1).
The virology profile and clinical effects ol DCV (15, 42, 45), ASV
(37, 38), and BMS-791325, a nonnucleoside allosteric inhibitor of
NS5B that binds a site on the surface of the thumb domain of the
RNA-dependent RNA polymerase (Tatum et al,, poster 1163; ). I,
Kadow et al., presented at the American Chemical Society Spring
2012 National Meeting and Exposition, San Diego, CA, 25 1o 29
March, 2012; Gentles et al., unpublished data), have been re-
ported. These inhibitors were used to investigate the spectrum of
events resulting from simultaneously targeting multiple essential
proteins of HCV in vitro. OF particular interest was determining
the effect of the NS5A replication complex inhibitor DCV in com-
bination with other DAAs.

We used the method of Chou (6) to evaluate the additive, an-
tagonistic, or synergistic effects of combination therapies on HCV
inhibition in a 3-day replicon assay. ‘Table 2 shows the results of
testing DCV and other inhibitors as monotherapies or in combi-
nation in HCV replicon experiments, The CCyys of these com-
bined agents, analyzed in parallel by alamarBlue staining, were
greater than the highest tested inhibitor concentration. 'The effects
of DCV in combination with ASV or BMS-791325 indicate mixed
additivity and/for synergy over a range of maolar ratios of inhibi-
tors, When the NS5A, NS5B, and NS3 inhibitors were tested in a
3-drug combination, additive effects were observed at all effective
doses. Taken as a whole, the results from multiple experiments
demonstrate that combinations of these inhibitors display mixed
additivity and/or synergy at the 50%%, 75%, and 90% effective dose
levels of drug. Impartantly, no antagonistic effects were abserved
with any ofthese combinations and no increase in cytotoxicity was
observed.

Resistance selection with combinations of HCV inhibitors.
Upon prolonged exposure of replicon cells to HCV inhibitors,
colonies develop as resistant variants are selected. Figure 1 shows
the relative densities of resistant colonics under conditions in
which DCV was combined with either ASV (panel a) or BMS-
791325 (panel b} in cultures examined aflter continuous 4-week
DAA exposure in the presence of G418. In multiple experiments,
populations of resistant colonies were markedly reduced when
cells were treated with a combination of DCV and ASV (Fig. 1a) or
of DCV and BMS-791325 (Fig. 1h) compared with resistant pop-
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FIG | Combination treatment reduces the emergence of resistant colonies. gt 1h T1CV replicon cells were incubated for 4 weeks with BMS-790052 (DCV),
BMS 791325, or BMS-650032 (ASV) as monotherapy and dual therapy (aand b) and triple therapy (c) at 5=, 102<, and 30 BC,,. Colonies were visualized by
crystal violet staining. Data shown are representative of the resulis ol three independent experiments.

ulations resulting from treatment with similar EC., multiples of

the DAAsalone. BVDV replicon cells treated in parallel showed na
reduction in colony formation, suggesting 4 specific anti-HCV
cffect (data not shown). Interestingly, fewer resistant colonies
were observed with combinations composed of 5% the FC,,
DCV with any concentration of NSSB or NS3 inhibitor than were
seen withalternate combinations pairing 5X the EC,, of either the
NS5 or NS3 inhibitor with any concentration of DCV (Fig. la
and bl For example, although both plates were exposed to a total
of 35 the FC,, of DAA, the plate combining 3% DCV with 30>
BNS-791325 developed far fewer resistant colonies than the plate
combining 30X DCV with 5% BMS$-791325 (Fig. 1b). A similar
phenomenaon was observed for DCV in combinations with ASV
{Ig. 1a)

Friple-DAA treatment of HCV replicon cells with inhibitors at
10X and 30% their respective ECg s resulted in complete clear-
ance of HCV replican (Fig. ¢} while having no effect on BVDV
replicon cells (not shown), In the presence of 5% the FC,,, of the
three DAAs (total, 15 EC,, multiples), fewer colonies were ab-
served thanalter treatment with a 30 concentration of any single
DAA or many pairs of DAAs. Similarly, in the gt la replicon,
combinations of two or three DAAs more effectively reduced re-

sistant colony formation than any single DAA at similar FCo mul-

Cetober 2012 Volume 56 Mumber 10

of

tiples. The overall suppressive effect in gt la was slightly reduced
compared to that in gt Ib (not shown).

Replicon clearance studies were also performed with the DAAs
in the absence of G418 selection to evaluate the ability of various
inhibitor combinations to eradicate HCV replicon RNA from the
cells. Similar to the resistance studies, replicon clearance occurred
more efficiently in gt b than gt Ta. In both gt 1a and gt 1b, low
EC,, multiples of DCV effected a much greater reduction in resis-
tant-colony formation than the same multiple of the other DAAs
and a greater-than-additive effect on replican clearance was ob-
served using combinations of DAAs, Overall clearance with the
DAA dual combinations in gt la was reduced 2- 1o 4-fold com-
pared to gt 1h at 3 and 9% the ECy,; the difference was greater
(6- to 17-told) at 27X the EC,.

Genoltypic and phenaotypic analysis of resistant variants. Re-
sistant variants identified from selection with each DAA inhibitor
class used in these studies have been previously described (12, 13,
27,29, 30, 38, 45, 52, 61). The major gt [h-resistant substitutions
are at residues 168 for NS3, 31 and 93 for NSSA, and 495 for NS5B,
while the major gt La-resistant substitutions are at residues 155 for
NS3, 28, 30, 31, and 93 tor NS5A and 495 for NS5B, To study the
impact of different DAA combinations on the emergence of resis-
tance, and inan attempt to use these HCV-specific inhibitors as a
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TABLE 3 Characterization of gt 1b variants identified in dual selections using transient replication assays

Variant” Fold resistance” s s
Replication etficiency
Selection candition NS3 NS5HA NS5R Asunaprevir [ASY) raclatasvar (DCV) 325 relative to WT level
5% or 30X ASV D168V — - =100 0.9 2 0.3-0.5
5xX DCV — L31M — 1 2-5 1 0.5-1.5
30 DCYV = Yo3in — | H-33 I 1-0.3
— L3IM-Y9311 — ND 4,2000 ND 0.4
5 or 20 325 — — P495A 1 I 9-16 0.3-0.8
200 325 - P4958 1 1 40-86 0.01-0.1
5% ASV/DCY N778 RINO-LATM — 5-11 a-16 I 0.5-1.2
A0 ASVIDCY N775-R1550  R3NO-L3IN-Y9311 — 80-210 31,000-37,000 1 0.2-0.5
N775-155() RAOIT-L3 1M — 62-170 150330 I 0.3-0.7
5x DCV/325 — R3I0Q-LIIM 49354 1 12-22 9-20 0.4-0.8
200 V(325 — R3INB-LIF 14955 1 4662 111-128 [{N]
Site-directed mutant N775 — —_ 3-9 | | 0.2-0.5
Site-directed murant 11530 — — 8-9 | | L.01-0.02
Site-directed mutamt N775-R1550) == — 93113 1 1 0.02-0.1
Site-directed mutant — 300 — | 2 | 0.7-1.1
Site-dhirected mutant — 13l - | -4 | 0.1-0.2
Site-chirected mutant 300 L3IM — 1 416 | 0.9-1.2
Site directed mutant — RIOO-L3IF - 2 S57-HB5 1 1.0-1.2
Site-directed mutant — IR3INQ-L3IM-Yuill - 1 25,000-51, (60 1 L7-1A

“ feplicons contaming speailic substitution(s) identified from selections were tested for vesistance and replication fmess. Major selected variant constructs are in bold font. Site-

directed mutants were not selected but were generated as controls in the W' hackbone 1o assess impact an phenotype, Far cach selection condition, eacl row represents a unique

variant that includes any linked mutations. —, W sequence.

" Fold resistance was determined by dividing the mutant HEY replicon FCy, by the WT replican FCa WT FCos were 20 0 b, (U002

0001, and 8.3 L 2.2 aM for ASV, DCY,

and BRIS-TO1325, respectively, Results represent the ranges of values determined from two or three independent experiments.

' 325, BMIS-T91325,
TND, ool determined.
“Value was taken from the wark of Fridelleral. (125,

tool to study potential interactions of viral proteins, this report
emphasizes only the genotypic and phenotypic analysis of unique
orless frequently observed substitutions identified from dual- and
triple-DAA selections. Resistant variants selected with one, two,
and three DAAs in TICV 1a and 1b replicons were analyzed by
both population and clonal sequencing to determine the percent-
ape and linkage of mutations within and hetween genes in the
population, Substitutions observed with a frequency ol =10%
were engineered into wild-type (W) replicon to evaluate the con-
tribution of the altered residue to resistance and impact on repli-
cation fitness in transient replication assays.

Analysis of NS5A and NS3 dually resistant populations. Sim-
ilar to previous reports, the major gt 1b resistance substitutions
selected by DCV and ASV were L3TM and Y93H in NS5A (12, 27)
and D168V in NS3 (38, 45) ('l'able 3), respectively. For the dual
selection performed in parallel, the most striking substitution was
N775 in NS3. The N77S variant in gt 1b under dual selection
conditions with hoceprevir and a 2-C-methyl-adenosine NS5B
inhibitor has been previously reported (5). In that case, N77S
exhibited no phenotype, as it conferred no resistance to bocepre-
vir and did not affect replication efficiency. 1lowever, in this case,
N775 conferred a low level (3- to 9-fold) of resistance to ASV by
itselfand, in combination with R1550), which was itsell associated
with 8- ta 9-fold ASV resistance, demonstrated an amplified level
ol resistance of 93- to 113-fold in the dually substituted N775-
R155Q variant. In NS5A, R30Q/H linked with L31M emerged in
the dual selection. R30H, which has not been reported befare,
conferred minimal (2- to 8-fold) resistance to DCV but displayed

5234 aacasmorg

signilicant (150- to 330-fold) resistance in combination with
L3N, When linkage of N77S-R1550) in NS3 occurred with mul-
tiple substitutions in NS5A (R300Q-L31M-Y93H), very high levels
of resistance to hoth DCV {31,000- 10 37,000-fold) and ASV (80-
to 210-fold) were observed. The observation of the N77S substi-
tution in N83 only during dual selection was unexpected and in-
dicates the influence of the NS5A inhibitor on the emergence of
NS3 resistance i vitro. In gt Ta replicon cells, R155K was selected
by ASV, whercas a D168G substitution was observed also during
dual selection with ASV and DCV, although substitutions at R155
and D168 in NS3 were not linked (Table 4). Selection with DCV
vielded two predominant NS5A substitutions, Q30H and K68R,
while in the dual selection, an additional NSSA resistance substi-
tution, M281, was also observed. The novel arginine substitution
at residue 68 of NS5A did not confer any resistance but appeared
1o increase the relative fitness of the 1a variant (1 to 4 times the
efficiency of the W), whereas replication of the Q30H-K&68R mu-
tant was greatly impaired. A dramatic improvement was observed
with the dually selected D168G/Q30H-K68R clone, which repli-
cated at 3096 1o 70% of the level of the W' whereas each of the NS3
and NS5A mutants alone had extremely impaired replication el-
ficiency (4% 10 9% the level of the W'T), suggesting an NS3-NSSA
interaction that restored replicase activity. Interestingly, combi-
nation of the Q30H-Ka8R substitutions in NSSA with D168G in
NS3 reduced the level of NS5A resistance.

Analysis of NS5A-NS5B dually resistant populations. gt 1b
replicon cells treated with DCV and BMS-791325 alone orin com-
bination yielded resistant populations with substitutions at
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TARBLE 4 Characterization of gt la variants identificd in the dual selections using transient replication assays

Variant" Fold resistance” p— it
Replication efficiency
Selection condition NS3 NSSA NS51 Asunaprevir (ASV) Praclatasvir (DCV) 335 relative to WT level
1 o 30% ASV RI55K —_ 17-48 1 1 0.3-0.5
10% or 30X DCV — Q3011-KasIt — 1 1,280-2,000 3 0.04-0.07
10X or 30X 325 A4y 1 1 -3 0.3-0.9
P4951. 2 1 A8-100 0.07-0,1
30% DCVIASY It155K Q3I0N-K68R — 46-68 667-700 i 0.5-0.8
ILI55K M2BT-K6BR 34-61 1,125-13,333 1 0.4-1
NI6EG Q30H-Kesit — 18-30 111-333 1 0.3-0.7
30 DCV/ALS — Q301-KebR A4V 1 1000 2 0.8-1
Q301-KaBR P495L 2 1600 61-84 0.03-0.07
- (30H-K68R 13921 2 2200 H-16 0.06-0.19
Site-directed mutant 168G — =16 | | (LO7-0.09
Site-dlirected mutant — M2ET - 1 750-820 1 0.2-0.4
Stie-directed mutant — Q3N s | HH1=1967 1 (hA-00.f
Site-directed mutant — Ka81 — | 1 I |—1.6
Site-directed mutamt — 13921 I 1 5-7 0.1-0.4

“* Rephicons containng specific substitutiond s identilied from selections were tested for resistance and veplication fitness. Major selected vanant constructs are in bold font. Site-

directed mutants were not selected but were generated as controls in the W backbone 1o assess impact an phenatype, For each selection condition, each row represents a unique

variant that includes any linked mutations, —, W sequence.

" Fold resistance was determined by dividing the mutant HCV replicon EC., by the W replican FC, WT FUyps were 107 & 0.3, 0,006 = 0,002, and 2.2 + 0.9 ahl for ASV, DCY,
and BAMS 791325, respectively, Results represent the range of values deternimed fram two or three independent expeniments

125, BMS-T91315,

known positions in NS5A (R30, L31, Y93) (12) and NS3B (P495)
(. A. Lemm et al,, unpublished data) (Table 3). For dual selection
with NS5A and NS5B inhibitors, L3TM and L3 1T were linkéd with
R30Q (Table 3) whereas only L3IIM was selected by DCV alone.
Phenotypic analysis of R30Q-L31F, with or without NS5 substi-
tution P49585, revealed much greater (46- to 85-fold) resistance to
DCV than the single L31F (5-fold) (12} and R30Q) (Table 3) sub-
stitutions. While the NSSA R30Q-131F variant replicated as effi-
ciently as the W, linkage with the NS5I3 4955 substitution
greatly impaired replication (Table 3).

In gt 1a, selection with BMS-791325 yiclded substitutions of
A421V and P495L in NS5 whereas, as stated earlier, DCV selec-
tion generated the Q3011-Ka8R variant in NS5A (T'able 4). In dual
selections, an additional 13921 substitution in NS5B was also ob-
served. Clonal analysis of the dual selections revealed linkage of
Q301-K68R in NSSA with each of the single NS5B substitutions
(L3921, A421V, P495L), as no two NS5 changes were found in
the same clone, The A421V NS5B substitution conferred no resis-
tance to BMS-791325; however, it did increase the replication el-
ficiency of the Q30H-K68R NSSA variant 10- to 15-fold (Table 4).
The L3921 substitution in NS5B has not been reported for gt 1a,
although it was previously shown in gt 1b o confer low-level re-
sistance (15- 1o 20-fold) to an indole-N-acetamide nonnucleaside
inhibitor (50). In gt 1a, L3921 conferred low-level (5- to 16-fold)
resistance to BMS-791325 while the P495L variant gave the ex-
pected high-level (60- 1o 100-fold) resistance,

Triple selection with N§5A, NS5B, and NS3 inhibitors. gt 1h
cells treated with a fixed concentration greater than 5 the ECy, of
DCV, ASV, and BMS-791325 together were unable o survive.
However, resistant variants emerged when cells were subjected to
serial passage with gradually increasing concentrations of the
three inhibitars. Populations treated in this way with up to 15
the EC., sclection consisted of an interesting mix of previously
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seen and new variants. Compared to the dual selections, a differ-
ent set of NS3 substitutions, Q41R with Q80R and QB0OR with
15503, were selected during triple-DAA treatment, Presumed to
be adaptive or compensatory changes, substitutions of glutamine
resicdues at positions 41 and 80 in NS3 are well documented, and
QBOR was selected with very low frequency in a gt 1b replicon
upon treatment with ASV (38). ASV resistance to Q411 or Q80R
was low but measurable (4- to 5-fold) and roughly additive (7- to
12-fold) under conditions in which bath substitutions were pres-
ent {Table 3). The combination of Q80R with R1530 conferred
30- to 100-Told-greater resistance to ASV, which was 4% 1o 10X
higher than was observed with each NS3 mutation alone, Despite
differences in the NS3 sites affected by the triple-DAA regimen,
the sites of resistance in NS5A and NS5B during treatment with a
triple-drig combination were the same as those targeted with du-
al-drug selection regimens: R30, L31, and Y93 in NSSA and P495
in NSSB (Table 5). Replication efficiency for these reconstituted
triply resistant variants was significantly impaired.

Triple selection in the gt 1a replicon cells readily yielded a cell
line that displayed significant resistance to all three inhibitors,
Along with known substitutions at amino acids 155 and 168, sev-
eral additional substitutions were identified in NS3, and clonal
analysis revealed 100% linkage between NS3 DI68LE and M1797,
R155K and MI179A, and QBOR and Y1341, as well as between
T3891 and A421V in NS5B (Table ). The Q89R, Y134H, and
MI79A/T NS3 mutations showed no resistance to ASV and did
not significantly affect resistance levels in combination with other
substitutions except M179A, which slightly (3- to 5-fold) en-
hanced RI55K resistance in the context of the triple mutant { Table
6), Alone, the QBIR change significantly enhanced replication (2
to 63 the efficiency of the WT') and may play a similar role in the
fitness of triple mutants to allow replication of these highly altered
replicons, Along with substitutions at amine acid 495, a new com-
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TABLE 5 Characterization of gt 1b variants identified in the triple selection using transient replication assays

Variant” Fold resistance” R
Replication efficiency
Selection condition NS3 NS5A NS5L Asunmaprevir (ASV) Daclatasvir (DCV) - BMS-791325  relative to WT level
102 ar 15% triple” OQ80R-N1550 R30Q-L3IM 1954 30-93 5-15 17-22 0.02-0.1
Q80R-R155(0 RINO-LIIM-Y93H 4954 B6-99 =A00 §-22 0.01
Site-dhirected mutant Q4R — - 4 | | 1.0-1.4
Site-directed mutant  QBOR — - 4-5 ] | 0.5-1.0
Site-directed mutant Q4IR-QBOR — 7-12 | | 1.0-1.2
Site-directed mutant  Q80R-RI550 — 12-73 I | n.5-1.0

= Keplicans containing o specilic substitution(s) identified from selections were tested lor resistance and replication finess. Alagor selected variant constructs are i bold fonl, Site-

directed mutants were not selected but were gencrated as controls in the W hackbone ta assess impact an phenatype. For cach selecion condition, cach row represents a unigue

vartant including any linked mutations. —, W sequence,
" Fold resistance was determined by dividing the mutant 1CV geplicon B

o Iy the W replicon EC,,, WT EC, .8 were 2.0+ 006, 0002 = 0001, and 8.3 + 2.2 nh for ASY, DCY,

and RS- 791325, respectively. Results represent the range of values determined from vwo oc three independent experiments.

S Section ol viable triple patams in gt 1h required sequential passage i gradually increasing concentratioms of inhibitor as detailed m Materals and Methods.

bination of NS5B mutations, T3891-A421V, that conferred low-
level (3- to 8-Told) resistance to BMS-791325 was wlentified in the
triple selection. Tt also appears that high-level resistance to NS3
and NS5B inhibitors was not selected in the same clone. High-level
NS5 resistance due to the P4951L substitution is associated with
low-level NS3 resistance from Q80R, and, canversely, high-level
NS3 resistance (Q89R-R155K-M179A) is linked to T3891-A421V
changes in NS5 which conler low-level resistance. Levels of
NSSA resistance remain consistent in all three triple mutants. ‘1'a-
ble 7 provides a summary of the resistant substitutions observed
during treatment with combinations of DAAs in these studies.
However, as reported here, additional replication-enhancing sub
stitutions, particularly during triple-DAA treatment, were also
observed.

DISCUSSION

Having shown promising antiviral activity in early clinical trials
(15), the picomolar NS3A replication complex inhibitor DCV was
examined in combination with other DAAS targeting distinct
steps in the replication process. Since it has yet to he established

whether efficacy and resistance profiles for combinations of DAAs
reflect the sum of the profiles of the individual drugs, i vitro
replicon studies may provide insight into clinical outcomes for
combinations of non-cross-resistant DAAs in terms ol impact on
viral replication and emergent resistance pathways,

In 72-h replicon assays, combinations of DCV with NS3 pro-
tease and/or NS5B polymerase inhibitors demonstrated additive
to synergistic inhibitory effects on replicon activity, Replicon cur-
ing performed over a 7-day treatment period provided evidence of
a similar, greater-than-additive effect from combining these in-
hibitors. Clearance from gt 1b replicons was generally twice as
efficientas from gt la, a genotype difference that appears to extend
to clinical outcames for DCV (15, 34), Moreover, alow EC,,, mul-
tiple of DCV coupled with either the NS3 or NS5B-targeted DAA
had a much mare profound impact on limiting resistance devel-
opmenlt than did a low EC,, multiple of either NS3 or NS5B in-
hibitor combined with DCV. The impressive dose-response curve
for curing with DCV compared to the other inhibitors suggests
that NS5A inhibition more readily attenuates the ability of HCV

TABLE 6 Characterization of gt la variants identified in the triple selection using transient replication assays

Varant” Fold resistance” B 22
Replication efficiency

Selection condition NS3 NS5A NSSR Asunaprevir (ASV)  Daclatasvir (DCV) BMS-791325  relative to WT level
30 triple OBOR-Y134H (30H-Ke8It  P4951. =12 1000 25=70 0.03-0.07

QHIN-DIGBE-MI7I9T  Q30II-K6RR A421V 15-35 1,500-2,200 2 0.05-0.12

OQB89R-RISSK-M179A Q30H-K6BI  T3IHOI-A421V  67-170 BOO-1,375 5-8 0.72-1.9
Stee-directed mutant — Q301-K68R - T3R9L-A42IV 2 1,400 4-5 0.2-0.5
Site-directed mutant  Q8OR — — fa-11 2 2 0.4-0.6
Site-directed muotant (Q89R - 2 I | 200
Site-directed mutant - Y 13411 — — 2 2 2-3 0,2-0.3
Site-directedd mutant  [M6BE — — 47-74 | ! 0.6-1.2
Site-directed mutant  M179A 1 1 | 0.6-1.2
Site-directed mutant - MI179T - — | | I 0307
Site-directed mutant Q89R-R155K _ — 16-07 2 1 04-1.1
Site-directed mutant — = TIROL-A421V I 3-5 0.5-1.2
Site-directed mutant — T3R9! | i I 1.1-2.6

" Replicons containing specitic substitutionds) identified from selections were tested for resistance and replication fitness. Major selected vartants are in bald font, Site-directed
mbants were nod selected but were generated as cantrals in the W hackhone ta assess impact on phenotype. For each selection condition, each row represents a unigue variant

that includes any linked mutarions. —, WT sequence.

" Fold resistance was determined by dividing the murant THCV replicon EC, by the WT replicon FC0 WT FCgs were 0.7 = 003, 0006 £ 0002, and 2.2 £ (19 nM for ASV, DCV,
and BMIS-F91325, respectively, Results represent the range of values determined from two or three independent experiments
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TABLE 7 Summary of predominant resistance substitutions selected during inhibitor treatment

Resistance substitution(s)

Genotype [h

Genotype 12

Targetls) of inhibitors

used for selection NS3 MS3A

N&3 M6EV

NSSA L31IM, Y93H

NS5I

NS53, NS5A N775, R155Q RINQ/TL L3ILM, Y9311

NS5A, NS5B
N53, NS3A, NS5B

[ADCHEL, L3TMYE, Y9311

OAHIE, QBOR, RI550)  R3OO/TE L3IM, Y9311

NS5B NS3 NSSA NS5
155K
030N
P495A/S/1. Pa9s].
[IASE, DHORNIG Q30T M28T
Pa9s3AJS/L Q3011 [.3921, P49sS/L
4954 QHOLE, RISEK, DIa8E Q3011 1951, T3891-A421V

replicons to survive. Since data suggest homatypic oligomeric in-
teractions of the NS5A protein (7, 35, 39}, it is possible that bind-
ing of a single NS5A inhibitor molecale may induce conforma-
tional changes that ranslie 1o adjacent NSSA  molecules,
cooperatively impacting the functionality of the entire replication
complex. Higher concentrations of NS5A would not have such an
impact, as the system may become saturated. Such a model could
explain the steep dose-response curve of clearance with DCV and
suggests an advantage of inclusion of DCV in DAA combination
regimens.

It is known that minor changes in selection conditions can
affect the pattern of resistance observed, Here we performed se-
lections with single and multiple inhibitors in parallel to compare
resistance emergence results hetween monotherapy and combina-
tion DAA treatment under the same selective conditions. In gen-
eral, the resistant variants observed in this study were all at re-
ported or predicted positions but were distinct in terms of
frequency and emergence among different DAA combinations, In
multiple experiments, the NS3 substitution N77S emerged ingi 1h
replicons during two-DAA treatment. Substitution at this residue
has been detected in gt 1a replicons selected with a close analog of
ASV (39) and in gt 1b replicons selected with a combination of a
protease inhibitor (baceprevir) and nucleoside analog NS5B in-
hibitor, without an apparent phenotype, but to our knowledge
N775 has not previously been reported as the predominant resis-
tance variant in either gt 1h or gt 1a with any protease inhibitor,
This substitution 1s located at the end ol the enzyme’s EF loop and
may interact with the bulky 2 moiety of inhibitors such as ASV,
Although itis alow-level-resistance substitution, N775 may influ-
ence subsequent changes in the population, as it was observed first
under conditions of low dual-selective pressure and was 98%
linked 1o R1550Q in populations selected under conditions of
higher selective pressure with the two DAAs. In contrast, popula-
tions of cells treated with any level ol ASV pressure alone were
homogeneous for DI6EV. In these studies, the opposite was ob-
served in gt 1a, where substitution at amino acid 168 occurred
only during combination treatment whereas monotherapy elic-
ited a RISSK substitution, In NS5A, the mix of amino acid
changes at positions 30, 31, and 93 diflered in gt 1b populations
emerging under conditions of single- and dual-drug selection.
The new R30M substitution in gt 1h was observed only in the
NS5A/NS3 dual selection, and while it showed minimal resistance
itself, it enhanced resistance of L31M ~-100-fold. In contrast, po-
sition 30 plays an impartant direct role in resistance in gl 1a NS54,
where the change from WT glutamine to histidine (Q3011) con-
ferred significant (> 1,000-fold) resistance to DCV, highlighting
the genotype context-dependent rale of this residue. Tn general,

October 2012 Volume 56 Number 10

resistance in NSSB for hoth genotypes arose predominantly at
amino acid 495, where the different relative frequencies of S/L/A
variants correlated with dilferent levels of resistance. Flowever, an
additional NS5 substitution (L3921) occurred in the gt 1a NS5A/
NS5B dual selection, generating a variant with low-level resistance
and suggesting that alterations to NSSA, either through inhibitor
interactions or via resistance substitutions, can alfect emergence
of resistance in NS5B, consistent with reports of NSSA-NS5DB in-
teractions (48, 55).

From the mutations that emerged only in dual selections, we
can infer that cross-target influences allowed the different substi-
tutions to emerge, Given that the nonstructural proteins targeted
by these DAAs are believed 10 unction together asa multicompo-
nent complex, one can envision that simultaneously targeting
multiple proteins may necessitate additional changes to allow for-
mation of an active replicase complex. Others have also reported
novel mutations (5) or increased prevalence of minor variants
(29) in dual-DAA-selected populations. Although the overall dif-
ferences between singly and dually treated populations in the se-
quence and resistance levels we observed were not dramatic, they
alert us to the potential for unexpected nutcomes during combi-
nation treatment. The results indicate that the replicon may not
tolerate more-dramatic differences, given that the target proteins
still need to associate into an active replication complex. Whether
the mutations that emerged in vitro as a result of dual- and triple-
DAA challenges would also he observed in patients treated with
the same combinations is 1o be determined as clinical data are
reported. The HCV replicon system should be extremely useful
for analyzing samples from subjects treated with combinations of
DAAS.

Interesting differences between manotherapy and dual-ther-
apy treatment in replication fitness were also observed. For exam-
ple, in both gt laand gt 1h, selection with ASV alone elicited the
NS3 resistance substitution, which is “less costly™ in terms of fit-
ness. | lowever, in the presence of both DCV and ASY, the more
costly substitution appears (o have been compensated for by the
presence of additional substitutions in the second protein. For
example, in gt 1b, N775-R1550Q replicates with =10% the effi-
ciency ol the WT replicon but, when linked with NS5A substitu-
tions, the dually resistant variants replicated at least 3X more
efficiently. Such compensatory changes could explain why cells
treated with either DCV or ASV developed > 100-fold resistance
whereas cultures treated in parallel with both inhibitors develaped
only 5- ta 10-fold resistance and required additional passages to
develop a high level of resistance. Mare time may be needed to
derive the correct mix of compatible substitutions whose com-
bined fitness costs are not overwhelming. Likewise, the poor
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{<210%) replication of the Q30H-K68R variant selected in gt Ia
with DCV treatment suggests that an additional change outside
NS3A must have been present in the selected cell line to enhance
replication. The increased (30% to 7020 compared 1o the WT
level) replication of the dually selected DI6SV/Q3OTT-K68R vari-
ant compared to variants with the same changes in the individual
NS3 and NS5A proteins (both at < 10% of the WT level) was
noteworthy. This finding suggests the presence of NS3-NS5A
cross-target influences that enhance efficiency of the replication
complex.

The high clearance efficiency of the triple combination proba-
bly reflects the reduced frequency of the multiple genctic events
necessary to generate a viable triply resistant HHCV replicon. How-
ever, variants resistant to all three inhibitors were eventually se-
lected, and these had some of the same mutations that had been
selected during dual-combination studies, as well as new ones. In
NS3, Q80R was found to be linked to either R155Q or Q41R in g
1b cultures maintained in the presence of the three DAAs but not
in parallel cultures selected with monotherapy or 2-DAA combi-
nations. These mutations, both previously identified as NS3 resis-
tance sites, conferred low-level resistance on their own, and Q801
has been shown to have an auxiliary role in enhancing the resis-
tance of R155 or D168 mutations (28, 49; I'. McPhee et al., poster

223, presented at the 46th FASL Congress, Berlin, Germany, 30
March to 3 April 2011). In gt 1a, D168E and MI7YT substitutions
were 100% linked, as were R155K and M179A in a more highly
resistant variant. In addition, both clones contained a Q89R sub-
stitution. This substitution on its own greatly enhanced replicon
replication and may be essential to permit replication of these
triple mutants during the increased pressure from selection with
three inhibitors. A new combination of low-level NS5 resistance
variants was also detected specifically in the gt Ia triple selection
(T3891-A421V), The fact that the T3891-A421V substitutions en-
hanced (5- to 10-fold) replication of the Q30H-K68R NSSA vari-
antsuggests that, together, changes in these two proteins can form
a replicase that is more active than one with only NS5A substitu-
tions. Itis of interest that, in gt 1a clones demaonstrating resistance
to all three inhibitors, high-level resistance to NS3 and high-level
resistance to NS5B were not detected in the same clone. This may
indicare that the fitness cost associated with highly resistant sub-
stitutions in three key proteins of the HHCV replication machinery
is too great to yield a genome capable of high replicative fitness,

Collectively, these results indicate that challenging HCV with
multiple DAAs had a compelling suppressive effect on replication
and elicited novel mutations and combinations ol mutations.
Since [FN-« and unrelated HCV inhibitor chemotypes retained
activity against the multi-DAA-resistant populations generated in
these experiments (data not shown), lurther complementation or
follow-up to a combination DAA regimen should be feasible if
required to achieve SVIL 1T the synergies demonstrated here for
combinations of DAA inhibitors are predictive of reduced resis-
tance and enhanced viral clearance in patients, a triple-combina-
tion regimen targeting three different proteins of HCV replica-
tion, and particularly including an NS5A inhibitor, promises ta
markedly improve the rates of SVR aver alfa/RBV regimens, reg-
imens that include a single DAA with or without RBV, and many
dual-DAA combination regimens, Such combinations have the
patential to quickly reduce viral load and limit opportunities for
the emergence of multidrug resistance, helping to achieve SVIL
Given the altered patterns of resistance observed during these

53238 aac.asm.ong

combination studies, these results provide guidance for resistance
monitoring during ongoing combination trials,
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