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1.Introduccion

1.1 Apertura de una nueva era en la biologia molecular del cancer y

reclasificacion de la enfermedad

Uno de los principales objetivos de la biologia moderna es conocer el comportamiento de las
células tumorales y normales. En las ultimas dos décadas se han producido enormes avances
en el conocimiento de la patogénesis del cancer. Estd actualmente aceptado que el cancer se
genera mediante un proceso mutagénico que consta de diferentes fases a través del cual las
células adquieren una serie de caracteristicas comunes entre las que se encuentran un
potencial de proliferacién ilimitado, autosuficiencia en las sefiales de crecimiento y resistencia

a las sefiales apoptdticas y antiproliferativas.

El comportamiento asi como el control del crecimiento celular tanto en células normales como
tumorales son extremadamente complejos. Para desenmascarar estos procesos, se ha optado
por analizar una serie de vias de sefalizacidon concretas que representan una compleja red
molecular a través de la cual se controla el comportamiento celular. Hanahan y Weinberg(1)
conceptualizaron bastante trabajo previo al enumerar los sellos distintivos de las células
cancerigenas y los tumores, esto es, un potencial de replicacién ilimitado, resistencia a la
apoptosis, inactivacion de las sefiales supresoras del crecimiento, autosuficiencia en las
sefiales de crecimiento, capacidad para invadir tejidos adyacentes o migrar a érganos distantes
(metastasis) y angiogénesis continua. Ademas de estas, poseen otras caracteristicas que
recientemente han sido identificadas como cruciales en el desarrollo tumoral(2), tales como la
capacidad para evitar la vigilancia inmunoldgica(3), dafios significativos en el ADN, una elevada
replicacion del ADN causada por las altas tasas de replicacidn, y defectos en la reparacion del

ADN en las células tumorales(4), estrés mitdtico, inestabilidad cromosémica(5), estrés



metabdlico, mayor uso de la glicélisis, estrés oxidativo y un mayor nivel de especies reactivas

del oxigeno en las células tumorales(6).

Autosuficiencia Insensibilidad a
en senales inhibidores del
de crecimiento crecimiento

Alteraciones del
metabolismo
energético
celular

Resistencia a la
destruccién
inmunolégica
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muerte celular replicativo
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Inestabilidad " Inflamacién

y mutaciones cronica

genomicas

Induccién dela  Invasién tisular y
angiogénesis metastasis

Figura 1. Los sellos distintivos del cancer. Al desentrafiar la biologia del cadncer se han podido

identificar con mayor detalle las caracteristicas de las células tumorales.

Los ultimos avances en la investigacion del cdncer estdn cambiando nuestra manera de
entender la biologia del cdncer y su tratamiento. Entre dichos avances se encuentran las
tecnologias de secuenciacidn masiva de préxima generacidn, asi como iniciativas mundiales de
investigacion como el 1000 Genomes Project(7), el Atlas del Genoma del Cancer (TCGA)(8), el
Consorcio Internacional del Genoma del Cancer (ICGC)(9), y catalogos de libre acceso como el

Catdlogo de mutaciones del cdncer (COSMIC)(10) y Genomics of Drug Sensitivity in Cancer(11).

Muchos de los rasgos fenotipicos anteriormente descritos son debidos a alteraciones genéticas

como las mutaciones de ganancia de funcidén, amplificacion y/o la sobreexprexion de



oncogenes clave, junto con mutaciones de pérdida de funcidon y la supresién y/o
silenciamiento epigenético de genes supresores de tumor clave(12). A pesar de la multitud de
alteraciones genéticas y epigenéticas que se encuentran en los distintos tipos de cancer, puede
gue simplemente unos pocos cambios sean los relevantes para la malignizacion tumoral(13),
aquellos resultantes de la ganancia de un oncogén o de la pérdida de un gen supresor tumoral
o de la activacién de algunas vias de sefializacién. En el andlisis Pan-Cancer del TCGA, por
ejemplo, se caracterizaron diversos patrones repetitivos de eventos funcionales comunes a
multiples tumores con origen en distintos tejidos, patrones que codifican componentes de las
cuatro principales principales vias oncogénicas (RTK-RAS-RAF, PI3K-AKT-mTOR, ciclo celular y
reparacion del ADN mediante la via p53)(14). En este estudio, en la mayoria de las muestras de
de diferentes tumores se observaron alteraciones en al menos una de estas vias. En ese mismo
proyecto, también se observd que una parte significativa de las alteraciones descritas eran
susceptibles de tratamiento directo o indirecto con farmacos anticdncer aprobados o
experimentales. La expresidon "dependencia oncogénica"(15) fue acufiada para describir el
fendmeno mediante el cual el mantenimiento del tumor suele depender de la actividad
continuada de algunos oncogenes o vias de sefializacién, lo cual ha sido demostrado in vivo en

varios oncogenes como MY(C(16), HRAS(17), BCR-ABL(18) y KRAS(19).

Actualmente se estan reclasificando los tumores segln criterios genéticos. Las patologias mds
comunes se estan dividiendo segln su anadlisis gendmico, como es el caso del cancer
colorrectal (tumores con KRAS/BRAF/NRAS/PIK3CA salvaje o nativo, tumores con mutaciones o
combinaciones de mutaciones en KRAS, NRAS, BRAF y PIK3CA); el melanoma (tumores con
mutaciones en BRAF, NRAS 6 KIT), y el cancer de pulmdn no microcitico (carcinomas con
mutaciones en EGFR, KRAS y BRAF, y carcinomas con traslocacion de ALK o ROS1). Las actuales
tecnologias de secuenciacion también han permitido recientemente descubrir nuevas
mutaciones oncogénicas, distintas de las aberraciones mas frecuentes ya descritas en muchos

tipos de tumores, algunas de los cuales tienen una clara relevancia terapéutica. Por ejemplo,



tras la secuenciacion completa del transcriptoma se detectd la fusidon de transcritos de KIF5B
(el gen 5B de la familia de quinesinas) y el oncogén RET en el 1-2% de los adenocarcinomas de
pulmén(20). Otros ejemplos son la fusion MAGI3-AKT3, que desencadena la activacion
constitutiva de la quinasa AKT hallada en el cancer de mama triple negativo(21), que se inhibe
mediante inhibidores de moléculas pequefas, asi como translocaciones genéticas que
desembocan en la desactivacion del PTEN en algunos subtipos de cancer de prdstata(22). Todo
esto justifica la realizacién de ensayos clinicos en los que se investigue la actividad de algunos

inhibidores de vias concretos en subgrupos de pacientes(23).

Ademas, la generacién de predicciones genéticas de respuesta farmacoldgica en contextos
preclinicos como la Drug Sensitivity in Cancer(24) y la Cancer Cell Line Encyclopedia(25) estan
siendo de gran ayuda en la traslacion de datos gendmicos a regimenes terapéuticos, tal como
evidencia la alta sensibilidad que muestran a los inhibidores PARP las células del sarcoma de
Ewing, que albergan una translocacion del gen EWS-FLI1(23). Una consecuencia directa de
estos avances es que cada vez se obtienen mayores tasas de respuesta en los ensayos clinicos
donde se selecciona a los pacientes segln las caracteristicas moleculares de sus tumores. Entre
estos avances se encuentra vemurafenib, con un 48% de indice de respuesta en los pacientes
con melanoma que albergan la mutacidon V600E del gen BRAF(26), asi como olaparib, con un
41% de indice de respuesta en el cancer de ovario recurrente con mutacién del gen
BRCA1/2(27), y crizotinib, con un 57% de indice de respuesta en los pacientes con céancer de
pulmon con la translocacion EML4-ALK(28). Estas impresionantes tasas de respuesta obtenidas
en poblaciones seleccionadas de pacientes contrastan significativamente con el indice
aproximado de respuesta del 5% obtenido en los ensayos fase | llevados a cabo en pacientes

no seleccionados(29).

Una estrategia tal como seleccionar una cohorte de pacientes en base a biomarcadores

moleculares estd cambiando el paradigma del tratamiento oncolégico hacia uno que permita



la practica de la medicina personalizada. Esto abre una nueva era llamada "la era del
teragndstico” en la que la combinacidn de terapias y tests diagndsticos moleculares permitird
asociar a una terapia dirigida los resultados de una prueba diagndstica mediante la cual se
identifique a los pacientes con mayor probabilidad de responder o no a un régimen de
tratamiento. Los prometedores resultados obtenidos con los abanderados de esta estrategia
en tumores sélidos, esto es, imatinib en GIST con mutaciones en c-KIT(30) y trastuzumab en el
cancer de mama HER2 positivo(31), avalan la continuacidn de este tipo de investigaciones en

esa direccidn. Actualmente existe una plétora de ejemplos ilustrativos, tal como se muestra en

la Tabla 1.
Marcador/Poblacién Farmaco Mecanismo de accidn Respuestas*
1 1- 0,

Cancer de mama HER2 Trastuzumab ﬁ:?cue:po a.:tnqu:RZ - " 12%
sobrexpresado/amplificado Trastuzumab-DM1 HERI;ue PO Inmunocenjugado antl 44%
GIST con D7 matinib Inhibidor de c-KIT, PDGFR 54%
sobrexpresado
Ca mama, ovario y prostata . - o
BRCA1/2 mutado. Olaparib Inhibidor de PARP 47%
Melanoma BRAF V600E Vemurafenib Inhibidor de BRAF 75%
mutado Dabrafenib Inhibidor de BRAF 60%
CPNM con ALK traslocado Crizotinib Inhibidor de ALK, MET 57%
Ca medular de tiroides (con
mutacion de RET, expression Cabozantinib Inhibidor de MET, VEGFR2, RET 29%
de MET y VEGF)
Ca Mama con amplificacién de L

E-3810 Inhibidor de FGFR, VEGFR 70%

FGFR1

ALK: anaplastic lymphoma kinase; GIST: gastrointestinal stromal tumor; MET: mesenchymal epithelial transition; CPNM:
cancer de pulmoén no Microcitico; PARP: poly(ADP-ribose) polymerase; PDGFR: platelet-derived growth factor receptor;
VEGF: vascular endothelial growth factor receptor.

* disminucién de tamafio > 20%

Tabla 1. indice de respuesta a terapias dirigidas efectivas en poblaciones seleccionadas

A medida que el analisis completo de multiples estudios de secuenciacién van arrojando luz
sobre los mecanismos subyacentes en los complejos procesos de invasién del cancer y
metadstasis, todo indica que tan solo un limitado ndmero de vias de seiializacién desempefian

un papel importante en la génesis y progresién del cancer en humanos.
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En base a esto, es aparente que los avances en las terapias moleculares dirigidas produciran
cambios revolucionarios en el tratamiento de muchos tipos de tumores. A la vez que se
exploran multitud de nuevas vias y estrategias de tratamiento, los avances realizados en el
descubrimiento y sintesis de farmacos han permitido modular terapéuticamente vias dificiles
como la via de fosfoinositol 3 quinasa (PI3K) y la via de sefalizacién de Sonic Hedgehog (SHH).
Una vez se disponga de farmacos selectivos para inhibir dichas vias, serd crucial investigar
como administrar de forma segura dichos inhibidores, el uso de marcadores de la inhibicién de
la via en el contexto clinico y el desarrollo de marcadores predictivos que indiquen aquellos

tumores con mayor probabilidad de tener adicciones génicas.

1.2 Un cambio de paradigma en el desarrollo clinico precoz de farmacos
oncologicos causado por la irrupcion de las terapias dirigidas

A principios de los afos 90, una nueva generacién de oncdlogos afrontd el desafio de
desarrollar una nueva clase de nuevos farmacos, los llamados “terapias dirigidas”. Estas nuevas
investigaciones se realizaron en un contexto dominado en gran medida por experiencias
anteriores en las que se trataba a los pacientes Unicamente con agentes citotdxicos.
Anteriormente, el desarrollo de agentes citotdxicos se basd en una relacidn directa de dosis-
respuesta, esto es, cuanto mas alta la dosis, mayor el efecto. Sin embargo, a altas dosis, la
mayor reduccidn de la carga tumoral iba acompaiiada de un mayor grado de toxicidad. Por el
contrario, en nuestros dias el desarrollo clinico de nuevos farmacos se ha alejado de los
citotoxicos, pasando a centrarse en los agentes dirigidos molecularmente(32). No obstante,
sigue sin existir una definicién clara de lo que son las terapias dirigidas. Por concretar, los
agentes dirigidos son terapias que actian modulando una serie de procesos bioldgicos como
los llamados "sellos distintivos del cancer" (hallmarks of cancer). El desarrollo de estas terapias
dirigidas debe ser diferente del de los agentes citotoxicos. Puede que, a grandes dosis, se
pierda la especifidad de un efecto dado y que aumentando una dosis concreta mas alla de la

bioldgicamente efectiva no se obtenga mayor beneficio. En consecuencia, este paradigma
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requiere la integracion de mediciones de efectos bioldgicos con los llamados “marcadores

farmacodinamicos”(33).

Se han revisado una gran cantidad de recomendaciones para actualizar las normas de
desarrollo de farmacos y adaptarlas para las terapias dirigidas. Para evaluar la eficacia de los
farmacos, se han revisado los criterios RECIST(34) y se han propuesto una serie de
modificaciones para adaptarlos a unos mecanismos de accidn concretos. Asi mismo, se
desarrollaron los criterios de Choi(35) para representar los cambios metabdlicos que en
ocasiones se observan con estos farmacos. Asi mismo, se han desarrollado los criterios RECIST
relacionados con el sistema inmunoldgico (IR RECIST)(36) con el fin de evaluar los efectos de la
inmunoterapia en los tumores sélidos. Del mismo modo, se han desarrollado algunos
principios orientativos para evaluar si la enfermedad estable es en si misma un criterio
evaluable de eficacia, reflejando el retraso de la progresién de la enfermedad(37). También se
han modificado las directrices para evaluar los efectos secundarios, en un intento por
representar las nuevas toxicidades que se producen con el uso de las terapias dirigidas. Entre
ellas se encuentran la hipertensién, las erupciones acneiformes, la hiperglucemia y la
hiperfosfatemia, entre otras(38). Otro aspecto a considerar es si las toxicidades especificas (on-
target toxicities) deben ser tratadas de forma diferente a las toxicidades inespecificas e
inesperadas (off-target toxicities). El sentido comun indica que las primeras, a menos que
resulten intolerables, no deberian llevar a una reduccion de la dosis, mientras que las segundas

deben evitarse(39).

La capacidad de obtener el perfil de aberraciones moleculares susceptibles de tratamiento de
cada paciente oncoldgico de forma rentable y precisa mediante el empleo de tecnologias de
alto rendimiento ha abierto un mundo de posibilidades a la hora de administrar terapias
dirigidas a una poblacién de pacientes seleccionados(40). En la Ultima década, hemos sido

testigos de cdmo la investigacidn clinica y traslacional en el dmbito de la oncologia tienden a
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converger en un proceso a través del cual se pretende desarrollar los mejores agentes dirigidos
alineandolos simultaneamente con los mejores biomarcadores predictivos, con el fin de

orientar su uso ya en las primeras fases del proceso de desarrollo de farmacos.

De este modo, la identificacién de biomarcadores de efectos farmacoldégicos (marcadores
farmacodinamicos), asi como de posibles subpoblaciones de pacientes diana ha pasado de
producirse en las Ultimas fases de desarrollo de farmacos a ocurrir en los ensayos clinicos de
fase I. De este modo, los ensayos de fase | estdn adquiriendo un papel cada vez mas
importante en el plan de desarrollo de nuevos agentes. Algunos ejemplos recientes de dicha
evolucion son los inhibidores ALK en el cancer de pulmdn no microcitico. En el desarrollo de
crizotinib, la primera generacién de inhibidores de ALK, los pacientes fueron seleccionados
basandose en una alteracion molecular (empleando test que se desarrolld paralelamente),
obteniendo respuestas espectaculares(28). Una vez bien definida la poblacion de pacientes e
identificado un biomarcador de seleccidn, bastaron los datos obtenidos en el ensayo de fase |

para aprobar ceritinib, el inhibidor de segunda generacion de ALK (41, 42).

Tal como hemos indicado, hemos pasado de una estrategia de desarrollo de farmacos de
orientacién empirica, en el que la respuesta a los fdrmacos observada en algunos tipos de
tumor concretos orientaban los siguientes pasos de la experimentacidn, a la investigacidn
traslacional mediante la cual los biomarcadores predictivos y los farmacos se desarrollan

simultdaneamente desde las primeras fases de desarrollo hasta la aprobacion del farmaco(43).

1.3 Desarrollo simultaneo de biomarcadores y farmacos en las terapias
dirigidas y en el desarrollo clinico precoz de farmacos.

El disefio de los ensayos clinicos en la era de los agentes dirigidos dependera del tipo de
biomarcador a probar o desarrollar(44, 45). Los biomarcadores predictivos proporcionan
informacion al investigador sobre la actividad antitumoral de una terapia concreta. Los

biomarcadores prondsticos aportan datos sobre el riesgo de recurrencia, progresion de la
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enfermedad o muerte. Los biomarcadores farmacogendmicos indican la respuesta de los
pacientes a un farmaco con respecto a su toxicidad o eficacia. Durante el proceso de desarrollo
hay que determinar la validez analitica y clinica, asi como la utilidad clinica de los
biomarcadores. La validacién analitica es la confirmacién de que la prueba mide lo que se
pretende medir, con la sensibilidad y especifidad necesarias. La validez clinica de un
biomarcador hace referencia a la eficacia de la prueba a la hora de identificar a aquellos
pacientes que mejor o peor van a responder a una terapia concreta. Finalmente, entendemos
por utilidad clinica que la medicidon y uso del biomarcador para la toma de decisiones

terapéuticas es mas beneficioso para los pacientes que el manejo convencional(46).

El desarrollo simultaneo de biomarcadores y fdrmacos es esencial para el éxito de las terapias
con base gendmica, aunque esta estrategia tiene muchas implicaciones técnicas y, a veces,
incluso éticas. En primer lugar, es necesario contar con pruebas diagndsticas sélidas y validas.
Ademads, hay que evaluar las propiedades farmacoldgicas del farmaco antes de probarlo
clinicamente. Para ello, es necesario realizar un perfil farmacocinético y farmacodinamico,
definir los biomarcadores de inhibicion de la via y seleccionar el farmaco mds adecuado para
obtener los efectos bioldgicos deseados. Y lo que es mas importante, hay que validar

funcionalmente las variantes gendmicas concretas cuya sensibilidad se espera predecir.

Tal como se ha mencionado anteriormente, los ensayos de fase | son el escenario perfecto
para probar hipdtesis. Ademds de estar investigdndose la seguridad y toxicidad de multiples
biomarcadores, se pueden realizar estudios para determinar su interaccidon con la diana y
comprobar la respuesta bioldgica (prueba de mecanismo), establecer la dosis biolégica 6ptima
del agente dirigido (determinada mediante los marcadores farmacodindamicos) e identificar la
poblacién de pacientes mas apropiada para una terapia dada (denominado prueba de
concepto, que viene determinada por la informacién facilitada por los marcadores

predictivos). Los biomarcadores moleculares que identifican a aquellos pacientes con mayor
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probabilidad de responder a un tratamiento (biomarcadores de seleccién) pueden pasar a ser
biomarcadores predictivos una vez haya sido demostrada su eficacia clinica mediante rigurosas
evaluaciones confirmatorias en ensayos de fase Il y lll (44). Que se defina una poblacién de
pacientes seleccionados en estudios precoces no impide que posteriormente se desarrolle un
farmaco concreto solo para esa subpoblacidn, ya que un farmaco puede ser efectivo en varios

contextos moleculares, y que ésto puede que no sea evidente en los ensayos iniciales.

Desde esta perspectiva, la prueba de hipdtesis en ensayos de fase | mediante el uso de
biomarcadores de seleccion de pacientes (aberraciones moleculares concretas que pueden
predecir la respuesta tumoral) puede demostrar la prueba de concepto y avalar la
continuacién de las investigaciones con un farmaco o diana concretos(47). Por otro lado, si no
se obtiene un efecto antitumoral suficiente en el considerado mejor de los escenarios posibles,
y siempre que los marcadores farmacodindmicos indiquen que se ha logrado una inhibicién
suficiente de la diana, se redefiniran radicalmente las estrategias de desarrollo del
farmaco(48). Por lo tanto, la seleccidon de pacientes basada en el uso de biomarcadores podria
ofrecer ventajas con respecto a la estrategia basada en poblaciones no seleccionadas,
permitiendo que los pacientes se beneficien antes de la terapia, ayudando a las agencias
reguladoras y a las organismos responsables del reembolso de farmacos a la hora de tomar
decisiones y modificar el proceso de registro de aprobacion de agentes prometedores. Otras
posibles ventajas de la seleccién de pacientes basada en el uso de biomarcadores moleculares
en los ensayos clinicos de fase | son: a) aceleran el proceso de confirmacién del potencial
clinico de los biomarcadores predictivos para agentes dirigidos molecularmente; b) aportan
informacidon valiosa sobre la biologia del céncer; y c) proporcionan una oportunidad
terapéutica importante en términos clinicos para los pacientes con cancer en fase
avanzada(49). No obstante, hay que afadir que el hecho de hallar una posible diana en el
tumor de un paciente no implica necesariamente que éste vaya a responder a un agente

terapéutico dirigido contra dicha diana.
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Administrar una terapia dirigida molecularmente a una poblacion seleccionada de pacientes
tiene implicaciones econdmicas y logisticas, asi como implicaciones para los propios pacientes
a la hora de disefar un programa de desarrollo clinico precoz de farmacos. Por ejemplo, si los
inhibidores de PI3K son mas efectivos en los tumores con alteraciones como las mutaciones de
PIK3CA (y suponiendo una tasa de respuesta del 30% en los tumores con mutaciones en
PIK3CA y una baja actividad en los tumores con PIK3CA salvaje o nativo), se podrian aplicar las
siguientes dos estrategias: por un lado, realizar un ensayo clinico en el que se incluyeran
pacientes con cualquier tipo de cancer de mama para probar un inhibidor de PI3K (dado que el
30% de las pacientes con cancer de mama presentan alteraciones de PIK3CA(50), habria que
incluir 300 pacientes durante un periodo de reclutamiento de 36 meses para obtener un indice
estimado de respuesta del 5%; o bien realizar un ensayo en el que se incluyeran 100 pacientes
con cancer de mama con mutaciones de PIK3CA y 12 meses de reclutamiento con un indice
estimado de respuesta del 30%. Incluso realizando un cribado de alteraciones moleculares, se

reducirian los costes en un 67% (B. Weber, Novartis, comunicacidn personal).

La validacién clinica temprana del valor predictivo de algunos biomarcadores es un factor clave
en el proceso de desarrollo de farmacos. En estudios recientes se ha investigado la viabilidad
de obtener el perfil molecular en tiempo real de los tumores de los pacientes y asociar la
aberracién identificada con los tratamientos dirigidos. Von Hoff y col.(51) y Tsimberidou y col.
(52) demostraron que los pacientes que recibieron agentes dirigidos combinados mostraron
mejores indices de respuesta y periodos de tiempo mas cortos hasta el fracaso del

tratamiento.

1.4 Biologia molecular de Fosfoinositol 3 quinasa en el cancer

El eje PI3K/AKT/mTOR regula las principales funciones celulares, esto es, el metabolismo, el

crecimiento, la migracion, la supervivencia celular y la angiogénesis (Figura 2).
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Figura 2. Sefializacion de la via PI3K/AKT/mTOR

Existen tres subtipos de quinasas PI3K segln su estructura, regulacion y especifidad del
sustrato lipidico. De estas, hay cuatro paralogos cataliticos diferentes (o, 3,0,y V)
relacionados con el cancer, que componen las quinasas PI3K de clase I(53). Las isoformas de
clase IA son proteinas heterodiméricas formadas por una subunidad catalitica (p110) y una
subunidad regulatoria (p85) implicadas principalmente en la patogénesis del cancer en
humanos. En la clase IA se dan tres genes, PIK3CA, PIK3CB y PIK3CD que codifican las
isoenzimas homologas p110a, p110B y p1106. La clase IB estd compuesta por el gen PIK3CG,
que codifica la subunidad p110y. De éstas, p110a y pl110B se expresan de forma ubicua,
mientras que pl1106 y pl10yse encuentran principalmente en células inmunes vy

hematopoyéticas (54).

Las quinasas PI3K generan el mensajero lipidico fosfatidilinositol trisfosfato 3,4,5 (PIP3), que
media la activacidon de varias proteinas quinasas, incluyendo la AKT. La quinasa AKT estimula la
glicdlisis activando las enzimas glicoliticas a través de la GSK3pB y regulando los transportadores

de glucosa(55). Este importante mecanismo molecular hace que las células tumorales
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consuman gran cantidad de glucosa como fuente de ATP, lo que se conoce también como
“efecto Warburg”(56). La quinasa AKT también regula la supervivencia celular, principalmente
inhibiendo la transcripcion de los genes antiapoptdticos BIM y FASLG a través de la
inactivacién de las proteinas Bad y del factor de transcripcién FoxO. La quinasa AKT también
promueve el avance del ciclo celular regulando los inhibidores de quinasas dependientes de
ciclinas CDKN1A y CDKN1B (también conocidos como p21 y p27), y mediante la activacién de
las ciclinas D1 y E1 y los factores de transcripcion cJUN y cMYC. La sintesis de proteinas, el
crecimiento y la proliferacion celular, asi como las funciones downstream de AKT las regula el
eje mTORC1/p70S6K y efectores como 4EBP1E, que inhibe el complejo IFAE-EIF4G3(57). La
angiogénesis autocrina y paracrina es regulada por la expresion de mTORC1/HIF1o/VEGF.
Ademas, la regulacidon negativa de esta via la realizan la fosfatasa PTEN y el polifosfato-4-
fosfatasa de tipo Il, una proteina codificada por INPP4B, que divide un grupo de fosfatos en

PIP3 y PIP2, respectivamente(58).

Basandonos en lo que se conoce actualmente sobre la via, se podrian utilizar como
marcadores de su actividad: la fosforilacion de AKT en los residuos T308 (marcador de la
actividad de la quinasa PI3K) y S473 (fosfo-epitopo dependiente de mTORC2); la fosforilacion
del sustrato de la quinasa AKT, AKT1S1 (también conocido como PRAS40) en T246 (marcador
de la actividad de la quinasa AKT), la proteina de unién al factor de iniciacién eucaridtico 4E
(4EBP1) en S65 y T70 (marcador de la actividad del complejo de sefalizacién mTORC1), y la
fosforilacién de la proteina ribosdmica s6 (RPS6) en S240 y S244 (marcador de la actividad de
mTORC1/S6K). La mejor opcion seria analizar la actividad de la quinasa AKT, aunque, por
nuestra experiencia, la toma y manejo de muestras para medir la AKT en el tejido se debe
realizar en condiciones muy rigurosas, poco factibles en el contexto de los ensayos clinicos
multicéntricos. Por esta razdn, es preferible analizar la fosforilacion de RPS6, 4EBP1 o pPRAS40

para el desarrollo de biomarcadores(59-61).
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El potencial oncogénico de la via PI3K esta basado en dos factores: En primer lugar, las
alteraciones en la via PI3K/AKT/mTOR pueden inducir la transformacién de la linea celular y la
formacién del tumor en ratones transgénicos(62-64). En segundo lugar, la activacion de la
sefalizacion suele ocurrir como consecuencia de la presencia de multiples alteraciones
moleculares en algunos componentes de la via, tales como mutaciones (PIK3CA, AKT1, PTEN),
amplificaciones génicas (PIK3CA, y AKT1 y AKT2), pérdida de expresién de los supresores
tumorales PTEN (21)e inositol polifosfato-4-fosfatasa de tipo Il y otros mecanismos (INPP4B)

que se suelen observar en numerosos tumores humanos(53) (tabla 2).

Nodo/Alteracidon Enfermedad Frecuencia

PIK3CA

Mutacion en PIK3CA Mama 25%
Endometrial 26%
Tracto urinario 21%
Colon 12%
Ovario 10%

Amplificacién de PIK3CA Cabeza/Cuello 42%
CPNM escamoso 66%
Gastrico 36%
Colon 37.9%
Mama 9%

PTEN

Pérdida monoalélica de PTEN Glioblastoma 75%
Colon 20%
Mama 40 - 50%
CPNM 37%
Préstata 42%
Gastrico 47%

Pérdida bialélica de PTEN Endometrial 50%
Glioblastoma 30%
Préstata 10%
Mama 5%
Colorectal 7%

Pérdida de expression de PTEN* Endometrial NA
Préstata
Mama
Ovario
Glioblastoma
Melanoma

* pérdida de expression de PTEN puede deberse a mutacion, perdida de

heterozigosidad, o factores epigenéticos como hipermetilaciéon delpromotor o

expresion andmala de microRNAs (miR-21 entre otros)

Otros reguladores de PI3K
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Pérdida de expression de INPP4B Prétata NA
Mama (TN)
Ovario
Mutacion en PIK3R1 Glioma 4%
Colon 3%
Ovario <5%
AKT
Mutacion en AKT1 Colon 1%
Mama 4%
Ovario 1%
Endometrial NA
Amplificacién de AKT1 Gastrico 20%
Mama 1%
Mutacion en AKT2 Colon 1%
Mutacion en AKT2 Pancreas 20%
Ovario 14.1%
Mama 3%
Mutacion en AKT3 Melanoma 1.5%
Amplificacién de AKT3 Mama 9.9%
PTEN, phosphate and tensin homologue deleted from chromosome 10; INPP4B
inositol polyphosphate-4-phosphatase type Il; PIK3R1, PI3K regulatory subunit
alpha. CPNM Céncer de pulmén no microcitico

Tabla 2. Alteraciones moleculares frecuentes en la via PI3K en tumores en humanos

Estos mecanismos ofrecen una miriada de oportunidades para el desarrollo de farmacos para
distintos tipos de cancer, dirigidos contra aberraciones genéticas en la via PI3K-AKT-mTOR
susceptibles de tratamiento. Se han desarrollado numerosos compuestos para inhibir
diferentes nodos en la sefializacién de PI3K/AKT/mTOR. Entre los inhibidores actuales de PI3K
se encuentran inhibidores reversibles y competitivos con el ATP de las cuatro isoformas de
PI3K de clase | (conocidas como inhibidores selectivos de PI3K de clase | o pan-inhibidores de
PI3K, como Buparlisib -BKM120- o Pilaralisib -XL147); los inhibidores especificos de isoformas
(como el inhibidor selectivo de p110a, Alpelisib o BYL719); y los pan-inhibidores de PI3K/mTOR
duales (NVPBEZ235, XL765, o GSK1059615). Otros agentes que actuan a niveles mas profundos

de la sefializacion de la via PI3K son los inhibidores de mTOR (que se pueden dividir en
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inhibidores rapalogos e inhibidores cataliticos de mTOR) y los inhibidores de Akt (inhibidores

alostéricos y cataliticos).

Los ensayos de fase | con inhibidores de la via PI3K son el escenario ideal para probar
estrategias de seleccion molecular. Las mutaciones en el gen PIK3CA son muy frecuentes en el
cancer en humanos (65, 66) y los estudios preclinicos han demostrado que las mutaciones del
gen PIK3CA y la activacidon de la via PI3K estan asociadas a la formacién, crecimiento y
mantenimiento tumoral y una actividad de los inhibidores de PI3K-AKT-mTOR sobre todo en
los modelos preclinicos que albergaban una activacién de la via PI3K, como las mutaciones de

PIK3CA 'y |la pérdida de PTEN(67-69).

1.5 Biologia molecular de la via Sonic Hedgehog en el cancer

La via de senalizacion Hedgehog desempena un papel esencial en el desarrollo cerebral, 6seo
y muscular embrionario y fetal(70). Durante el periodo neonatal y la edad adulta, la actividad
de la via Hh participa en la regulacion del desarrollo dseo, el mantenimiento y reparacion
tisular y el mantenimiento de las poblaciones de células madre (como por ejemplo en los
foliculos pilosos)(70, 71). Ante la ausencia de proteinas Hedgehog (Hh) (Sonic Hedgehog SHH,
Indian Hedgehog y Desert Hedgehog) los receptores PTCH (Patched) inhiben de manera
constante SMO (Smoothened). Cuando la proteina Hh estad presente y se acopla a su receptor
(PTCH), se suprime la inhibicion de SMO, activandolo. Un SMO activo (un receptor acoplado a
proteinas G) interactua con el complejo citoplasmatico que regula las proteinas GLI;, , 3. Esto
permite a las proteinas GLI entrar en el nucleo y actuar como factores de transcripcion,
alterando la transcripcién génica de los genes diana. La via SHH regula la transcripcién de
genes que controlan la proliferacién, diferenciacidon y supervivencia celular y orquestan un

bucle de retroalimentacion mediante la induccién de los genes PTCH.
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Figura 3. La sefializacion de la via Sonic Hedgehog

La activacién aberrante de la via Hh ha sido asociada a la patogénesis de muchos tipos de
cancer en humanos a través de mecanismos ligando dependientes y ligando independientes de
Hh. Alteraciones genéticas como las mutaciones de pérdida de funcidn en los reguladores
negativos Patched 1 (PTCH1) y/o el receptor supresor de Fused (SUFU), o con menor
frecuencia, las mutaciones de ganancia de funcidon en el regulador positivo Smoothened
(SMO0), causan la activacién de la via ligando-independiente y se han asociado al carcinoma
celular basal (BCC), el meduloblastoma y el rabdomiosarcoma. Se ha observado una
sobreexpresion del ligando Hh en los tumores de pancreas, pulmén, mama, préstata, eséfago,

colorrectales y gastricos. De ahi que la via Hh sea una diana terapéutica tan atractiva(72).

Sonidegib (LDE225) es un nuevo inhibidor selectivo de SMO, y ha demostrado tener actividad
antitumoral en estudios preclinicos en modelos de ratones con meduloblastoma Ptch™” p53'/’
y Ptch”” Hic1*~ (hipermetilado en céancer 1), lo que sugiere la inhibicién dirigida de la via de

sefializacion Hh(73)
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1.6 Establecimiento de un programa de preseleccion en el contexto de un

programa de desarrollo clinico precoz de farmacos.
En el contexto de un programa de desarrollo clinico precoz de farmacos, se pueden aplicar las
siguientes estrategias para determinar el momento oportuno en el que realizar el anadlisis

molecular de los tumores, con el fin de determinar su vulnerabilidad:

1.6.1 Estrategia 1: analisis retrospectivo de biomarcadores predictivos

En general, se considera que las aberraciones genéticas y moleculares en algunos tipos de
cancer son lo suficientemente frecuentes como para, aun sin preseleccion, poder realizar
analisis retrospectivos con suficiente poder estadistico de un subconjunto de tumores con
mutaciones. Partiendo de esa premisa, se puede seleccionar Unicamente a pacientes con un
tipo de tumor concreto, por ejemplo, el cadncer pancredtico, que suele presentar mutaciones
de KRAS(74), en los ensayos con inhibidores de MEK, o los liposarcomas, que presentan
amplificaciones de HDM2(75), en los ensayos con inhibidores de HDM2. A continuacién, se
podria llevar a cabo un analisis retrospectivo empleando muestras de tejido tumoral
conservadas de los pacientes del estudio para confirmar la hipdtesis sobre la actividad del
farmaco ante la presencia de alteraciones moleculares. En resumen, la seleccién se realizaria
segun el tipo de tumor, no segun el analisis molecular (que se haria retrospectivamente). Al
utilizar esta estrategia de seleccion de pacientes se expondria a varios pacientes al farmaco en

estudio a pesar de no presentar la diana de interés.
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Figura 4. En la estrategia numero uno no hay preseleccién. Esta estrategia se basa en la
asuncién de que las alteraciones moleculares en algunos tipos tumorales particulares ocurren
con una frecuencia elevada, por lo que se confia en que los pacientes incluidos en ensayos

clinicos fase | tendrdn estas alteraciones y se podrd analizar de forma retrospectiva.

1.6.2 Estrategia 2: analisis predictivo, central y enfocado de marcadores predictivos

La segunda estrategia consistiria en realizar una preseleccién de una poblacién de pacientes
enviando su tejido tumoral a un laboratorio central (ya sea del promotor del ensayo o de un
proveedor) para su andlisis, justo antes de considerar su inclusién en un ensayo con un agente
dirigido. Por ejemplo, se podria realizar una preseleccidn de todos los candidatos a recibir un
inhibidor de PI3K para buscar alteraciones en la via de sefializacion (pérdida de PTEN,
mutaciones de PIK3CA(76, 77)) antes de su inclusidn en el ensayo. Mediante esta estrategia se
garantiza la aplicacion de andlisis de Ultima generacién, asi como el apoyo financiero del
promotor. Sin embargo, tiene también desventajas. En primer lugar, y para realizar el cribado
de distintas alteraciones en el marco de varios ensayos clinicos, una vez se hayan firmado
multiples consentimientos informados puede que no se disponga de suficiente tejido tumoral
como para enviar muestras a diferentes laboratorios. Habria que tener en cuenta previamente
que hay que obtener bastante tejido tumoral (lo que entraria en conflicto con otras

condiciones del protocolo del ensayo y de los protocolos de investigacion del centro). La
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segunda limitacion importante de esta estrategia es el dilatado tiempo de respuesta entre la

realizaciéon del andlisis molecular y el inicio del tratamiento en estudio, lo cual podria

comprometer el beneficio del paciente debido a un retraso poco ético en el inicio de la terapia.
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Figura 5 Segun la segunda estrategia, las muestras de pacientes referidos a ensayos clinicos

son analizados mediante el uso de un laboratorio central, antes de considerar el tratamiento

con un inhibidor especifico.

1.6.3 Estrategia 3: andlisis avanzado, local y multiplexado de los marcadores

predictivos

Esta estrategia consistiria en realizar andlisis precoz en una institucion académica, en pacientes

con enfermedad avanzada que ya estén recibiendo tratamiento convencional, en vistas a uns

futura consideracién de un ensayo con un agente dirigido. La seleccién molecular se podria

realizar en cualquier momento durante el curso de la enfermedad. Aplicando esta estrategia, y

con la ayuda de técnicas de alto rendimiento, solo habria que analizar unas poca cantidad de

muestra tumoral y obtener un Unico consentimiento informado (con un proyecto aprobado

por el comité de revisidn institucional local) y no habria demora entre la deteccién de
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progresion de la enfermedad con tratamiento convencional y el reclutamiento para participar
en un ensayo clinico con un agente dirigido. Con esto se podrian conseguir intervalos sin
quimioterapia(78) durante los cuales los pacientes podrian recibir atencién ademas de
tratamiento con una terapia biolégica en un ensayo clinico precoz. Las desventajas de esta
estrategia son que se cribarian pacientes que puede que jamas llegaran a participar en un
ensayo clinico (debido a su deterioro clinico en el momento de progresion de la enfermedad o
por negarse a participar en el ensayo), unido a la necesidad de financiacién adicional, ya que
puede que las entidades aseguradoras o el presupuesto disponible para el estudio en las

instituciones académicas no cubrieran el analisis de muestras.
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Figura 6 En base a la tercera estrategia se realiza un analisis local y multiplexado de muestras
de pacientes con enfermedad metastasica. La oinformacion del andlisis molecular es usada en

procesos de decision terapéutica en el momento de la progresion.

El tiempo necesario para obtener los resultados de los biomarcadores, especialmente en la
secuenciacion de proxima generacion, es algo a tener muy en cuenta a la hora de determinar
el perfil molecular de los pacientes, sobre todo en contextos metastdsicos, cuando se disponga

de poco tiempo para elegir un tratamiento. Como alternativa a la estrategia tradicional de
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realizar un andlisis de biomarcadores centralizado justo antes de plantear la inclusidon de un
paciente en un ensayo, nosotros nos decantamos por la estrategia de realizar una preseleccion
local en instituciones académicas, cuando los pacientes con enfermedad avanzada aln estan
recibiendo tratamiento convencional, a pesar del coste adicional para el grupo de
investigacion(43). Con esta estrategia se ahorra tiempo y tejidos y se aumentan las

probabilidades de reclutar pacientes para participar en ensayos clinicos precoces.

Todos estos esfuerzos no serian fructiferos si los médicos de la institucidn en cuestion no se
implican y se comprometen con el proceso. Dado que son ellos los que les presentan los
ensayos clinicos a los pacientes como una buena opcidn de tratamiento, se les deberia facilitar
los resultados de todos los andlisis moleculares, asi como una lista con los ensayos clinicos que
se estdn realizando en dicha institucidn con combinaciones de terapias dirigidas. Del mismo
modo, habria que tener en cuenta aspectos éticos como el estado de validacidon del
biomarcador, la naturaleza exploratoria del valor predictivo de cada biomarcador para un
farmaco concreto y la necesidad de contar con biopsias frescas para el analisis de

biomarcadores especificos.

Es evidente que aln hay que resolver algunas dificultades técnicas, clinicas y de laboratorio
antes de poder difundir la implementacion de la seleccion de pacientes basada en el uso de
biomarcadores en los ensayos de primera fase. En primer lugar, la presencia del biomarcador
puede no ser representativa de la enfermedad (heterogeneidad tumoral), o de su biologia
(alteraciones genéticas en "inductores" frente a "pasajeros" -drivers vs. Passengers-) y
evolucidn debido a la presion selectiva de tratamientos anteriores (evolucion clonal(79)). En
segundo lugar, existen limitaciones metodoldgicas, como que aun no se haya determinado un
valor de corte para definir el estado de un posible biomarcador. Por otro lado, el rapido
desarrollo de resistencia a los agentes Unicos es un problema, debido a la retroalimentacion

negativa adaptativa y a estimulacidn compensatoria de receptores tirosina quinasa. También
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cabria sefialar que la estrategia de combinar un biomarcador de prediccion a un agente
dirigido no siempre serd aplicable a todas las terapias nuevas como, por ejemplo, aquellas en
las que se emplean inhibidores de amplio espectro dirigidos contra multiples vias de

sefializacion o que usan agentes antiangiogénicos(80).

En el Programa de desarrollo clinico precoz de farmacos del Instituto de Oncologia Vall
d'Hebron (VHIO) dentro del Hospital Universitari Vall d’Hebron, consideramos que esta ultima
estrategia, es decir, la determinacidon del perfil molecular local y el uso de plataformas
multiplexadas en las instituciones académicas estd mas enfocado al paciente, ofreciendo
importantes ventajas, ya que el Comité de Etica solo tiene que aprobar un formulario de
consentimiento informado, asi como un Unico protocolo de preseleccidn, lo que agiliza mucho
los trdmites; ademads, basta con contar con un poco de tejido tumoral para su andlisis, y se
puede determinar el perfil molecular de aquellos pacientes con enfermedad avanzada que
estén recibiendo tratamiento convencional en la institucién, lo que reduce el tiempo
transcurrido entre el fracaso del tratamiento y la inclusién en un ensayo clinico con un agente

dirigido.

Aqui describiremos nuestros esfuerzo en la Unidad de ensayos de fase | por desarrollar una
plataforma para el andlisis de mutaciones, que pueda ayudar en la toma de decisiones
terapéuticas indicando, por ejemplo, la presencia de mutaciones de PIK3CA, asi como en la
realizacion de ensayos clinicos con inhibidores de PI3K. Asi mismo, se describira el desarrollo

de un test para seleccionar pacientes candidats a recibir un inhibidor de Sonic Hedgehog.
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2. Hipotesis y objetivos

2.1 Hipotesis

El uso terapéutico de los pan-inhibidores de PI3K, Pilaralisib y BKM120 y del inhibidor de Sonic

Hedgehog es seguro en dosis que inhiban significativamente las vias diana, y su empleo es

eficaz en poblaciones de pacientes seleccionados definidos mediante los factores predictivos

oportunos.

2.2 Objetivos

Evaluar el perfil de seguridad y la dosis maxima tolerada (MTD) de Pilaralisib, BKM120
y Sonidegib en monoterapia en pacientes con tumores sélidos avanzados.

Determinar el perfil farmacocinético y los efectos farmacodindmicos de los
biomarcadores de la via Pilaralisib y BKM120 sobre los biomarcadores de la via PI3K,
asi como los efectos de Sonidegib sobre los marcadores de SHH.

Evaluar la eficacia de los inhibidores de PI3K, como Pilaralisib y BKM120 en pacientes
con tumores solidos mixtos con el gen PIK3CA mutado.

Desarrollar y evaluar la capacidad de prediccién de una prueba de firma genética apta

para uso clinico en la seleccion de pacientes con alteraciones en la via Sonic Hedgehog.
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3. Primera parte: Inhibidores de PI3K y mutaciones en
PIK3CA.

Tal como se menciona en la Introduccidn, la realizacidn simultanea de ensayos de fase | y de
programas de preseleccidon permite la prueba de hipétesis en el contexto del desarrollo clinico
precoz de farmacos. Los hallazgos preclinicos sugieren que los tumores con mutaciones en
PIK3CA o con una baja expresidon de PTEN son mas sensibles a los inhibidores de la via PI3K, lo
gue subraya la necesidad de evaluar dichos agentes en aquellos pacientes con tumores que

presenten estas alteraciones(76, 77, 81).

En la fase de escalada de dosis de los ensayos de fase | en los que se investigan el SAR245408 y
BKM120 no se seleccioné previamente a los pacientes, sino que se realizd un andlisis
retrospectivo de tejido tumoral fijado (véase Estrategia 1 en la Introduccién) con el fin de
establecer una correlacidn entre genotipo y respuesta (fenotipo). En la parte de expansion del
ensayo de fase | en el que se evaluaba el pan-inhibidor de PI3K, BKM120, solo se consideré
elegibles a aquellos pacientes cuyos tumores presentaban mutaciones de PIK3CA o una baja
expresion de PTEN. Con este fin, tres grandes instituciones oncoldgicas participantes en el
estudio enviaron las muestras de sus pacientes a un laboratorio central (Estrategia 2). En el
Hospital Universitari Vall d’Hebron, sin embargo, se realizé un andlisis molecular local de las
pacientes con cancer de mama avanzado que estuvieran recibiendo tratamiento convencional
en busca de alteraciones molculares (incluyendo la via PI3K) (Estrategia 3). El objetivo era
comprobar las posibles oportunidades terapéuticas relacionadas con la dependencia

oncogénica para estas pacientes, en caso de recaida.

En el presente estudio presentamos los resultados de dos estudios en los que se investigo la
seguridad, tolerabilidad y propiedades farmacocinéticas y farmacodindmicas de SAR245408 y
CBKM120 administradas por via oral en monoterapia a pacientes con tumores sdlidos

refractarios. Analizamos también los resultados de la estrategia de prescreening molecular
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implementada en nuestra Institucion, disefiada para enriquecer la poblacién de ensayos
clinicos con aquellos que mas se puede beneficiar, impactando el reclutamiento y permitiendo

probar hipdtesis de forma precoz.

Contraviniendo las conclusiones de multitud de investigaciones preclinicas, descubrimos que
las mutaciones de PIK3CA no son un factor predictivo claro. En el presente estudio
analizaremos las posibles razones de este hallazgo, asi como su impacto en el desarrollo
posterior de inhibidores de PI3K y detallaremos las investigaciones clinicas, preclinicas y

traslacionales que arrojaron estos resultados.

3.1 Implementacion de un programa de preseleccion para identificar
alteraciones de PI3K que permitan reclutar pacientes para ensayos
clinicos de fase I con tumores con alteraciones de PI3K.

*Nota: aunque los datos preclinicos preliminares indicaban que las alteraciones de PTEN podrian
ser sensibles a tratamiento con inhibidores de PI3K(67, 82-84), pronto descubrimos que la
evaluacion del estado del gen PTEN no tenia aplicacion clinica, ya que éste puede verse alterado
por muchos otros mecanismos, como complejos patrones de mutaciones, alteraciones en el
numero de copias y el silenciamiento epigenético de la expresion de PTEN, todo lo cual provoca
la activacion de AKT(85). Dado que la inmunohistoquimica no reflejaba todo el espectro de
aberraciones de PTEN y presentaba importantes limitaciones técnicas (incluyendo la carencia de
un método estandar de cuantificacion y de un umbral validado para definir la pérdida de PTEN),
esta determinacidn estaba incluida en los andlisis preliminares, pero pronto dejamos de hacerlo.
Por lo tanto, en nuestro analisis nos centraremos en la validez de las mutaciones de PIK3CA como
predictores de la sensibilidad a los inhibidores de PI3K.

La mutaciones de PIK3CA se analizaron usando la plataforma multiplexada MassARRAY
(Sequenom, Inc.) en VHIO(86). Para validar externamente los resultados de MassArray, se
analizé la misma muestra tumoral con una plataforma similar en el MD Anderson Cancer
Center (en adelante, MDACC). En ambos centros se utilizéd un panel personalizado. Para la
validacién cruzada de ambas plataformas y centros (el VHIO y el MDACC) se emplearon
muestras del cancer primario de mama obtenidas en el VHIO, fijadas en formol y conservadas
en parafina. Se utilizd el mismo bloque tumoral para la validacién interna y externa, con el fin
de minimizar errores. Las muestras fueron seleccionadas y preparadas por el mismo patdlogo.

El nimero de casos empleados para cada set de validacidn varié dependiendo de la
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disponibilidad de tejido tumoral. El panel de MDACC, desarrollado en el MD Anderson Cancer
Center(87), contiene ensayos a través de los cuales se puede realizar el genotipado de 86
mutaciones de puntos calientes (hotspots) en 15 oncogenes. Para la validacion interna de los
resultados se realizd la secuenciacion de Sanger (usada como "gold standard") y la deteccion
de mutaciones de PIK3CA mediante PCR cuantitativa en el VHIO (datos no mostrados).
También se analizd el primer subconjunto de 17 muestras de cancer de mama triple negativo
para identificar alteraciones en el nimero de copias en todo el genoma y se examind un panel
ampliado de mutaciones que incluia el gen PIK3CA mediante el ensayo SNP de sondeo de
inversién molecular (MIP) (OncoScan™ FFPE Express 2, este Ultimo realizado en Affymetrix). El
ADN gendmico fue aislado manualmente (QlAamp DNA FFPE Tissue Kit; Qiagen, Hilden,
Germany). Se eluyd el ADN en 30-100 plL de tampdn de elucidn y se cuantificé con PicoGreen
(Invitrogen, Carlsbad, CA). Se sometieron 75 ng a analisis exprés OncoScan FFPE (Affymetrix,

Santa Clara, CA) siguiendo el método descrito por Wang y col(88).

Al comparar los resultados del genotipado con MassARRAY de 21 muestras de tumor primario
de cancer de mama, observamos que habia un 100% de concordancia entre el VHIO y MDACC,
aunque se revisaron manualmente dos ensayos (2/21=10%) al obtener una baja frecuencia de
alelos mutados (<10%), inicialmente clasificada como salvaje o nativo por uno de los
laboratorios. Por el contrario, al comparar los resultados de Sanger con los de Mass ARRAY
realizados en el VHIO, se obtuvo mayor grado de discordancia (4/20=20%). Esta discrepancia
probablemente se debidé a la baja sensibilidad de la secuenciacién de Sanger, especialmente
porque dichos casos presentaban una baja frecuencia de alelos mutados (<30% segun
MassARRAY). También se analizaron las mutaciones de PIK3CA con la plataforma SNP de MIP
en un panel de 17 muestras de tumor primario de cdncer de mama. Los resultados
concordaban con los obtenidos mediante MassARRAY en 15 de las 17 muestras (88%). Se
hallaron discrepancias del orden del 10-20% en la frecuencia de alelos mutados determinada

por MassARRAY. Para mds detalles, véase la seccion AMPLIACION DE DATOS
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3.2 Evaluacion clinica de la seguridad, farmacologia (farmacocinética y
farmacodinamia) y biomarcadores predictivos de dos inhibidores de
PI3K: Pilaralisib 6 XL147 y Buparlisib 6 BKM120.

*Nota: En nuestro programa de ensayos de fase |, nos hemos centrado especialmente en el
desarrollo de inhibidores de PI3K/AKT/mTOR (véase Tabla 10 del Anexo 1). Asi mismo, hemos
colaborado intensamente con varios laboratorios traslacionales (tanto académicos como
comerciales) para analizar los mecanismos de eficacia y resistencia a estos inhibidores (véase la
Tabla 11 del Anexo 1). Para realizar dichas investigaciones, desarrollamos un programa de
preseleccion para detectar situaciones de dependencia oncogénica (como mutaciones de PIK3CA y
sensibilidad a inhibidores de PI3K) para facilitar las decisiones terapéuticas relacionadas con nuestros
pacientes e incluir en nuestros ensayos a aquellos pacientes con mas probabilidad de responder a
tratamiento. En el presente estudio se detallan los hallazgos realizados en dichos ensayos. En la
Tabla 12 del Anexo 1se enumeran otros articulos relacionados con la misma area de estudio en los
que también ha participado nuestro grupo de investigacion.

Pilaralisib, XL147 6 SAR245408 (,Sanofi, Bridgewater, NJ, USA) es un nuevo y potente inhibidor
reversible altamente selectivo de las isoformas PI13K a, B, y y 6 de clase | (con IC50 de 48, 617,
10 y 260 nmol/L, respectivamente)(89). En el contexto preclinico, SAR245408 también mostrd
buena biodisponibilidad oral, una exposicidn plasmatica dependiente de la dosis y una potente
y sostenida inhibicion de la via PI3K, lo que causa la inhibicién del crecimiento de los
xenoinjertos de diferentes tipos de tumores, incluyendo aquellos que albergan una mutacion

de PIK3CA y deficiencias del gen PTEN.

En el presente estudio se detallan los resultados obtenidos en el primer estudio de fase | en
humanos en el que se evalla la seguridad, tolerabilidad y propiedades farmacocinéticas y

farmacodinamicas de SAR245408 administrado por via oral
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3.2.1 Primer manuscrito: Estudio de fase | sobre la farmacocinética vy
farmacodinamia de SAR245408 (XL147), un pan-inhibidor de PI3K de Clase I, en
pacientes con tumores sélidos avanzados.
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Abstract

Purpose: SAR245408 is a pan-class I phosphoinositide 3-kinase (PI3K) inhibitor. This phase I study
determined the maximum tolerated dose (MTD) of two dosing schedules [first 21 days of a 28-day period (21/7)
and continuous once-daily dosing (CDD)], pharmacokinetic and pharmacodynamic profiles, and preliminary
efficacy.

Experimental Design: Patients with refractory advanced solid malignancies were treated with SAR245408
using a 3 p 3 design. Pharmacokinetic parameters were determined after single and repeated doses.
Pharmacodynamic effects were evaluated in plasma, hair sheath cells, and skin and tumor biopsies.

Results: Sixty-nine patients were enrolled. The MTD of both schedules was 600 mg; dose-limiting toxicities
were maculopapular rash and hypersensitivity reaction. The most frequent drug-related adverse events included
dermatologic toxicities, diarrhea, nausea, and decreased appetite. Plasma pharmacokinetics showed a median
time to maximum concentration of 8 to 22 hours, mean terminal elimination half-life of 70 to 88 hours, and 5- to
13-fold accumulation after daily dosing (first cycle). Steady-state concentration was reached between days 15
and 21, and exposure was dose-proportional with doses up to 400 mg. SAR245408 inhibited the PI3K pathway
(_40%—80% reduction in phosphorylation of AKT, PRAS40, 4EBP1, and S6 in tumor and surrogate tissues)
and, unexpectedly, also inhibited the MEK/ERK pathway. A partial response was seen in one patient with
advanced non—small cell lung cancer. Eight patients were progression-free at 6 months. Pharmacodynamic and
clinical activity were observed irrespective of tumor PI3K pathway molecular alterations.

Conclusions: SAR245408 was tolerable at doses associated with PI3K pathway inhibition. The recom-
mended phase II dose of the capsule formulation is 600 mg administered orally with CDD. Clin Cancer Res;
20(1); 233-45. _2013 AACR.
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Translational Relevance

The phosphoinositide 3-kinase (PI3K) pathway is
heavily implicated in tumor cell growth, proliferation, and
survival and contributes to resistance to chemother-apy
and targeted agents. SAR245408 (XL147) is a novel orally
bioavailable pan-class I PI3K inhibitor with potent
antitumor activity in xenograft models. This first-in-
human study established the maximum tolerated dose of
the capsule formulation (administered daily either for the
first 21 days of a 28-day period or continuously for 28
days), and showed a manageable toxicity profile and
favorable pharmacokinetic parameters. SAR245408
demonstrated a pharmacodynamic effect on fasting insulin
levels, as well as PI3K pathway modulation in hair, skin,
and tumor tissue. Pathway inhibition and clinical activity
were observed in tumors with and with-out apparent
molecular alterations of PI3K pathway components.
Overall, 25 (43.9%) patients had stable disease as the best
response; eight were progression-free at 6 months. These
results lay the groundwork for additional studies of
SAR245408 either as monotherapy or in combination
regimens.

catalytic subunit of PI3Ka (pl110a), is often mutated or
amplified in solid tumors or lymphomas (3, 4, 6, 7). The
tumor suppressor gene PTEN, a critical negative regulator of
PIP3; production, is frequently mutated, deleted, or
downregulated in tumors (3, 8). Furthermore, PI3K acti-
vation via activating mutations of RAS contributes to RAS-
mediated cellular transformation (9, 10). In addition to
promoting cancer cell proliferation and survival, activa-tion of
the PI3K pathway mediates resistance to both RTK inhibitors
and genotoxic agents (11, 12), such that PI3K inhibition
increases cancer cell sensitivity to targeted agents, as well as
platinum-based drugs and taxanes (13-15). Selective
inhibition of key nodes of the PI3K pathway represents an
attractive therapeutic intervention for the treatment of solid
and hematologic cancers, and both pan-class 1 and isoform-
selective PI3K inhibitors have entered clinical testing (3, 16).

SAR245408 (XL147) is a novel, ATP-competitive, highly
selective, and reversible inhibitor of the PI3K pl10a, -b, -g,
and -d isoforms, with half-maximal inhibitory concentra-tion

(ICs0) values of 48, 617, 10, and 260 nmol/L, res-pectively,
measured in biochemical assays (17, 18). SAR245408 shows
high selectivity in a broad panel of kinases, with no inhibitory
activity against RAF, MEK, and extracellular signal—
regulated kinase (ERK; ref. 17). In xeno-grafted tumor
models, SAR245408 exhibited good oral bioavailability,
dose-dependent plasma exposure, and potent and sustained
PI3K pathway inhibition, leading to growth inhibition of
xenografts representing various his-tologies, including those
harboring PIK3CA or KRAS muta-tions and PTEN
deficiency (17, 18). Here, we report results from a phase [
study investigating safety, tolerability, and

pharmacokinetic (PK) and pharmacodynamic properties of
SAR245408 administered orally as monotherapy to patients
with refractory solid tumors.

Materials and Methods

Patient population

Eligible patients were aged _18 years, with an Eastern
Cooperative Oncology Group (ECOG) performance status
(PS) _2 and histologically confirmed metastatic or unre-
sectable solid tumors for which standard curative or palli-ative
measures were unavailable or ineffective. Adequate organ and
bone marrow function, fasting plasma glucose < 160 mg/dL,
HbAlc < 8%, and the presence of disease evaluable by tumor
markers or physical or radiologic means, were required.
Patients who had previously received PI3K inhibitor treatment
or had received chemotherapy, a biologic agent, or an
investigational agent within 4 weeks, a small-molecule kinase
inhibitor or radiotherapy within 2 weeks or 5 half-lives, or
hormonal therapy within 1 week of the first dose of
SAR245408, were excluded. Furthermore, patients with
ongoing toxicity (grade _ 1) due to prior therapy or
uncontrolled intercurrent illness (e.g., infection or heart
disease) were excluded. In vitro inhibition and induction
studies with SAR245408 using human liver mate-rial showed
the potential of SAR245408 to inhibit cyto-chrome P450
(CYP)3A4 and CYP2C9 and induce CYP1A2 and CYP3A4.
Therefore, concomitant use of drugs with narrow therapeutic
indices that are substrates for CYP1A2, CYP2C9, and
CYP3A4 were avoided unless considered clinically necessary.

Study populations included the safety, pharmacokinetic,
pharmacodynamic, and efficacy (exploratory) populations.
The safety and pharmacokinetic populations were defined as
all patients who received at least one dose of study drug; the
pharmacodynamic population was defined as patients
receiving at least one dose of study drug and from whom
tumor or non-tumor tissue samples were collected. The
efficacy population encompassed all patients in the safety
population evaluable for response (i.e., patients who had a
baseline tumor assessment and at least one post-baseline
tumor assessment).

Study design and dose escalation

This was a phase I, open-label, single-arm, dose-escala-tion
study (NCT00486135). Patients received SAR245408
(capsule formulation) using 1 of 2 regimens: either once daily
for the first 21 of every 28 days (21/7) or continuous once-
daily dosing (CDD) in each 28-day cycle. For each schedule, a
standard 3 p 3 design was used for dose escalation, with dose-
limiting toxicities (DLT) defined dur-ing the first 28-day
cycle. Starting doses were 30 mg for the 21/7 regimen,
calculated on the basis of results from pre-clinical in vivo
studies, and 100 mg for the CDD cohort, chosen once safety
and PK data from the 21/7 regimen were available.

A DLT was defined as the occurrence during the study
treatment period (cycle 1) of specific events considered
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related to the study drug, including: grade 4 neutropenia
lasting _4 days; grade 4 febrile neutropenia; grade 3 febrile
neutropenia lasting _3 days, or any other grade 4 hema-
tologic adverse event (AE). In addition, grade _3 nonhe-
matologic events that occurred despite prophylaxis or were
not easily managed or corrected by medical intervention, and
grade _3 hyperglycemia not controlled with oral hypo-
glycemic agents at standard doses, were also considered dose
limiting. Drug-related AEs that prevented the start of cycle 2
within 14 days of the planned start date, or prevented _75% of
the planned dose being taken in cycle 1, were considered
DLTs. Any toxicity-related dose delay of >21 days (21/7
regimen) or >28 days (CDD regimen) resulted in patient
withdrawal from the study, unless the patient was deriving
clinical benefit from study treatment per investi-gator
judgment.

The preliminary maximum tolerated dose (MTD) was
defined as the highest dose level below the maximum
administered dose at which _1 of 6 patients experienced a
DLT. After the MTD was identified, additional patients were
enrolled in MTD expansion cohorts to further assess safety,
pharmacokinetic and pharmacodynamic effects. For the CDD
regimen, a proportion of the additional patients enrolled was
required to have solid tumors amenable to biopsy, and the rest
were required to have non—small cell lung cancer (NSCLC).
Information collected beyond cycle 2 and in MTD expansion
cohorts was used to determine the recommended phase 2
dose.

To explore the hypothesis that tumors with molecular
alterations affecting PI3K pathway components would be
more sensitive to SAR245408, a cohort of patients with
tumors harboring molecular alterations affecting PI3K
pathway components and modulators, such as PIK3CA
mutation or PTEN deficiency, was enrolled to a dose level
one below the MTD.

Approval was obtained from the ethics committees at the
participating institutions and from regulatory authorities. All
patients provided informed consent. The study followed the
Declaration of Helsinki and good clinical practice guidelines.

Safety assessments

Safety was assessed using standard clinical findings, AEs,
echocardiograms, ECOG PS, physical examination, vital
signs, concomitant medications, and laboratory assessments.
Safety evaluations were conducted during the screening
period, at set times during each cycle and during follow-up.
Drug-related AEs occurring within 30 days after the last dose
were followed until resolution, stabilization, or initiation of
new treatment. AEs were graded according to National Cancer
Institute Common Terminology Criteria for AEs ver-sion 3.0.
Safety findings were reviewed on an ongoing basis.

Pharmacokinetic assessments

Whole blood (for plasma) was collected pre-dose on days
1,2, 8,15, and 21 (day 28 for CDD regimen) during cycle 1,
on day 1 of every cycle for cycles 2—4 (both regimens), and
on day 1 of every fourth cycle thereafter (both regimens).
During cycle 1, post-dosing blood samples were collected at

0.5, 1, 2, 4, and 8 hours on day 1 (both regimens), at 4 hours
on day 8 (both regimens), and at 0.5, 1, 2, 4, and 8 hours on
day 21, and on days 22 and 23 or 24 (21/7 regimen) or at 0.5,
1, 2, 4, and 8 hours on day 28 (CDD regimen). During cycles
2-4, post-dosing blood samples were collected at 4 hours on
day 1 of every cycle and every 4 cycles thereafter (both
regimens). Urine samples were collected within 2 hours pre-
dose on day 1 of cycle 1, with an additional single sample
collected during the 24-hour period following the cycle 1 day
20 dose (21/7 regimen) or the cycle 1 day 28 dose (CDD
regimen).

Pharmacokinetic parameters assessed included: terminal
elimination half-life (t/7,z), time to maximum concentra-tion
(tmax), maximum concentration (Cpax), area under the
concentration—time curve up to the last measurable con-
centration (AUC]ast), area under the concentration—time
curve up to 24 hours (AUCq_p4), area under the concentra-
tion—time curve from time 0 to infinity (AUCj,f), accumu-
lation ratio (AR), and apparent clearance (CI/F). The amount
and percentage of SAR245408 excreted unchanged in urine
were also assessed.

Pharmacokinetic bioanalytical assays

Bioanalysis of human plasma (separated from whole blood
by centrifugation) and urine samples was conducted by liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
following a solid-phase extraction (SPE). KyEDTA
anticoagulant was removed from plasma samples using an
SPE cartridge (Waters Oasis HLB, 30 mg). SAR245408 was
eluted from the SPE cartridge using methanol/acetonitrile
solution (1:1, v:v), and 10 mL of solution was injected into
the LC-MS/MS system. The standard curve covered a linear
range of 1.00 to 2,000 ng/mL in human plasma and urine with
100 mL of matrix. The lowest detection limit of the method
for plasma and urine was 1 ng/mL. Extracted samples were
analyzed using a Shimadzu LC-20AD inte-grated HPLC
system and an Applied Biosystems/MDS Sciex API 4000
mass spectrometer with an APCI interface. An isocratic
mobile phase containing acetonitrile/water (65/ 35, v/v) with
1% formic acid at a flow rate of 0.40 mL/min and an HPLC
anal;tical column (Thermo Electron Betasil CN, 2.1 _ 50
mm~, 5 mm) were used. A positive ion multiple-reaction-
monitoring mode was used to detect analyte (m/z 541 ! 456)
and internal standard (Dg-SAR245408, m/z 546 | 456).

Pharmacodynamic and molecular profiling
assessments

Detailed biomarker procedures are provided in the Sup-
plementary section. Briefly, the pharmacodynamic effects of
SAR245408 were evaluated in plasma, peripheral blood
mononuclear cells (PBMCs), hair sheath cells, buccal muco-
sa, and skin biopsies from patients in the dose escalation
cohort, and in paired tumor biopsies (and skin biopsies in
several instances) from patients in the expanded MTD and the
tumor molecular alteration cohorts. In addition, molecular
profiling was conducted in archival and/or base-line fresh
tumor tissue to identify molecular alterations of
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PI3K pathway components and/or modulators that could
affect the efficacy of or resistance to SAR245408.

Efficacy assessments

Tumor response was assessed using Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.0 (19). Patients
with measurable disease were assessed using computed
tomographic (CT) scans conducted within 21 days before the
initial dose and approximately every 8 weeks thereafter. In
patients with nonmeasurable lesions, tumor response was
assessed (as feasible) using physical examination,
radiographic methods, or tumor markers.

Statistical analyses

The study used a conventional 3 p 3 dose-escalation design
and had no formal sample size calculation or hypothesis
testing. The total sample size was dependent on the number of
dose levels required to determine the MTD. Safety assessment
was the primary objective and efficacy assessment was an
exploratory objective. All data were

summarized using descriptive statistics within each dose level
and/or dosing schedule, and overall in all treated patients
unless stated otherwise. For efficacy data, 90% confidence
intervals (CI) were constructed on the basis of an exact binary
distribution. Pharmacokinetic parameters (t/2,2, tmax, Cmax»

AUCast, AUCq_24, AUCjnf, AR, CI/F) and the amount and
percentage of SAR245408 excreted unchanged in urine were
calculated from individual con-centration—time data using a
noncompartmental method. Further details on the calculation
of each of these para-meters are provided in the
Supplementary Methods.

Results

Study population

Between July 2007 and February 2011, 68 patients with
advanced solid tumors and 1 patient with small lympho-cytic
lymphoma (SLL) were enrolled and treated (n % 41, 21/7 and
n % 28, CDD). Fifty-seven patients (n %4 34, 21/7 and n ¥4 23,
CDD) were evaluable for response. Patient characteristics are
summarized in Table 1. Forty-three

Table 1. Patient baseline and disease characteristics

All 21/7 combined (n %2 41)

All CDD combined (n V4 28) Total (N ¥4 69)

Age, y

Mean (SD) 57.5 (13.68)

Median (range) 62.0 (25-86)
Sex, n (%)

Male 23 (56.1)

Female 18 (43.9)
ECOG performance status, n (%)

0 15 (36.6)

1 24 (58.5)

2 2(4.9)
Race, n (%)

American Indian or Alaska Native 0

Black or African American 2(4.9)

White 39 (95.1)
Weight, kg

Mean (SD) 74.45 (17.3)

Median (range)
Primary tumor sites, n (%)

72.40 (44.7-109.3)

NSCLC 12 (29.3)

Breast 5(12.2)

Colon 5(12.2)

Other 19 (46.3)
Years since diagnosis

Mean (SD) 4.04 (3.8)

Median (range)
Prior therapy, n (%)

2.78 (0.4-17.1)

Prior systemic cancer therapy only 14 (34.1)
Prior radiation therapy only 1(24)
Prior systemic therapy and radiation 25 (63.4)
No prior therapy reported 1(24)

60.8 (9.03) 58.8 (12.05)
60.0 (43-84) 60.0 (25-86)
13(46.4) 36(52.2)
15(53.6) 33(47.8)
8(28.6) 23(33.3)
20(71.4) 44(63.8)
0 2(2.9)
1(3.6) 1(1.4)
2(7.1) 4(5.8)
25(89.3) 64(92.8)
77.35 (23.4) 75.62 (19.9)

73.85 (46.3-163.5)

72.40 (44.7-163.5)

12(42.9) 24(34.8)
3(10.7) 8(11.6)
3(10.7) 8(11.6)

10(35.7) 29(42.0)
4.07 (4.5) 4.05 (4.1)

2.46 (0.6-22.4)

2.62 (0.4-22.4)

10(35.7) 24(34.8)
0 1(1.4)
18(64.3) 43(63.2)
0 1(1.4)

Abbreviations: 21/7 /4 21 consecutive days on treatment followed by 7 days off treatment; CDD, continuous once-daily dosing; NSCLC,
non-small cell lung cancer; SD, standard deviation.
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patients (62.3%) had received both radiation and a systemic
anticancer therapy before the trial; the median number of
prior regimens was 4 (maximum 11).

Dose-escalation and MTD

Seven dose levels were evaluated in the 21/7 adminis-
tration schedule (30, 60, 120, 225, 400, 600, and 900 mg) and
3 were evaluated in the CDD administration schedule (100,
400, and 600 mg). The median overall duration of exposure
was 50 days [range, 8721 days; 21/7 regimen: 49 days
(range, 8-616 days); CDD regimen: 56 days (range, 10-721
days)]. Twenty-eight patients (41%) com-pleted 2 treatment
cycles; 13 patients (18.8%) received more than 5 cycles.

In the 21/7 group, dose-escalation proceeded to 600 mg
without DLT. In the first 600 mg cohort, one patient
experienced drug-related grade 3 rash, but no other dose-
limiting events occurred in another cohort of 3 patients. At
900 mg, 2 of 3 patients experienced grade 3 rash during the
first cycle, defining this dose level as the maximum admin-
istered dose and 600 mg as the preliminary MTD. Another 10
patients were enrolled at 600 mg in an expanded cohort
without further DLT, so that only 1 of 16 patients enrolled at
the 600 mg dose level of the 21/7 schedule experienced a
DLT. Six additional patients with PI3K pathway molecular
alterations were enrolled at 400 mg. One of the additional
patients experienced grade 2 rash (Supplementary Table S1).

With the CDD schedule, no DLTs occurred in the 100 and
400 mg cohorts. At 600 mg, there was one potential DLT of a
grade 3 hypersensitivity reaction. A patient with penicillin
allergy and an ongoing mild rash developed a diffuse
blanching patchy maculopapular erythematous rash over the
entire skin surface on day 8. Intravenous fluids, steroids, and
antihistamines were administered and the patient discontinued
the study on day 11. The rash resolved by day 18. The event
was considered to be unlikely related to SAR245408 and more
likely related to the patient’s history of allergy and ongoing
rash at baseline. No further DLTs were observed in 20
additional patients treated at 600 mg. Further escalation was
not pursued because of the intolerability of 900 mg on the
21/7 schedule. Therefore, for SAR245408 capsules, 600 mg
was the formally defined MTD on the 21/7 dosing schedule
and the recommended dose for the CDD schedule (Sup-
plementary Table S1).

Safety findings

As shown in Table 2, 44 (63.8%) patients experienced a
drug-related AE (all grades), most commonly (all cohorts)
skin toxicities (26%; including events such as macular or
generalized rash, erythema, dry skin, and pruritus), nausea
(21.7%), diarrhea (20.3%), and decreased appetite (11.6%).
Drug-related laboratory abnormalities were un-common and
included 2 events of anemia and 5 instances of
hyperglycemia, for which the highest severity was grade 2.
Nine patients (13.0%) reported grade 3/4 drug-related AEs,
the most frequent being rash and diarrhea. Drug-

Table 2. All-grade and grade _3 treatment-
related adverse events occurring in at least
2 patients (21/7 and CDD capsule regimens,
n % 69)
All grades, Grade _ 3,

Adverse event n (%) n (%)
Patients with at least one AE 44 (63.8) 9 (13)
Constitutional

Fatigue 6(8.7) 0

Asthenia 5(7.2) 0

Peripheral edema 3(4.3) 1(1.4)

Pyrexia 2(2.9) 0

Decreased appetite 8(11.6) 0

Weight loss 2(2.9) 0
Dermatologic

Rash-related skin toxicities” 18(26.1) 5(7.2)

Dry skin 5(7.2)

Pruritus 5(7.2) 0
Gastrointestinal

Nausea 15(21.7) 0

Diarrhea 14(20.3) 2(2.9)

Vomiting 7(10.1) 0

Constipation 4(5.8) 0

Dry mouth 3(4.3) 0
Hematologic

Anemia 2(2.9) 0

Eosinophilia 2(2.9) 0
Metabolic/Biochemical

Hyperglycemia 5(7.2) 0

Hypomagnesemia 3(4.3) 0
Musculoskeletal

Muscle spasms 2(2.9) 0
Neurologic

Dizziness 2(2.9) 0

Headache 2(2.9) 0
Vascular

Hypotension 3(4.3) 0
Visual/Eye disorders

Visual impairment” 229 0
%Includes events coded as rash, macular rash, follicular
rash, generalized rash, erythema, skin exfoliation,
photosensitiv-ity, eczema, and fissuring.
bIncludes one event of chromatopsia and one self-limited
event of visual disturbance.

related AEs (all grades) appeared to be more frequent in the
CDD cohort than in the 21/7 cohort (75.0% vs. 56.1%). One
(1.4%) occurrence of grade 3/4 g-glutamyltransferase was
considered treatment-related.

Of the 18 patients with drug-related skin toxicities (rash
group), 5 patients reported events of grade 3 severity, 2 of
which occurred outside of the DLT observation period. Severe
rashes were typically generalized, macular, erythem-atous,
and pruritic, with nonspecific biopsy findings

www.aacrjournals.org

Clin Cancer Res; 20(1) January 1, 2014

41

237



238

Published OnlineFirst October 28, 2013; DOI: 10.1158/1078-0432.CCR-13-1777

Shapiro et al.

Table 3. Pharmacokinetic results from single-dose analysis
Median Mean (SD) (CV%)
Dose, (range) CrmaxD, [ h AUCastD, h
mg n  Tmax, h Cmax, Ng/mL ng/mL/mg last AUC|ast, h ng/mL ng/mL/mg
21/7 30 3 22.2(8.0-23.8) 1,500 (615) (40.9) 50.1(20.5) (40.9) 23.2 (0.853)(3.7) 27,600 (12,800) (46.5) 919 (427) (46)
60 3 8.0(8.0-24.1) 1,910(1,320) (69.2) 31.8(22.0) (69.2) 24.2 (0.347)(1.4) 39,000 (24,500) (62.8) 649 (409) (63.0)
120 4 41(2.0-8.0)  8,960(3,230)(36.1) 74.7(26.9)(36.1) 24.1(0.199)(0.8)  1,79,000(53,200) (29.7) 1,494 (443) (30.0)
225 3 8.0(8.0-8.1)  8260(4,610)(55.9) 36.7(20.5)(55.9) 23.3(1.29)(5.5)  1,55,000(84,700) (54.8) 687 (377) (55.0)
400 9 6.5(4.0-25.4) 17,300(14,000) (80.9) 43.3(35.1)(80.9) 23.7 (0.748)(3.2)  3,01,000(2,50,000) (83.3) 752 (414) (55.0)
600 19 8.0(4.0-23.9) 15,600(8,550) (54.7) 26.1(14.2)(54.7) 21.7 (6.09)(28.1)  2,74,000(1,86,000) (67.9) 456 (309) (68.0)
900 3 8.0(4.0-23.7) 28,100(19,100) (68.0) 31.2(21.2)(68.0) 24.0 (0.376)(1.56) 5,90,000(4,20,000) (71.2) 656 (467) (71.0)
CDD 100 4 41(4.0-80)  5,200(1,730)(33.2) 52.0(17.3)(33.2) 24.4(0.692)(2.8)  1,03,000(35,500) (34.4) 1,030 (353) (34.0)
400 3 4.0(2.0-24.0) 12,500 (4,340) (34.8) 31.1(10.8) (34.8) 24.2 (0.337)(1.4)  2,50,000(77,000) (30.1) 816 (713) (31.0)
600 21 8.0(2.0-24.4) 13,900 (10,800) (77.9) 23.2(18.1)(77.9) 23.3 (3.52) (15.1)  2,51,000(1,93,000) (76.9) 418 (322) (77.0)
Abbreviations: 21/7, 21 consecutive days on treatment followed by 7 days off treatment; AUC|5st, area under the concentration—
time curve up to the last measurable concentration; Cyax, maximum concentration; CDD, continuous once-daily dosing; CV,
coefficient of variation; D, dose normalized; tmax, time to maximum concentration; t1/2, z, terminal elimination half-life.

suggestive of either folliculitis or perivascular dermatitis.
SAR245408 was discontinued for grade 3 events, and patients
received oral steroids, with or without topical steroids.
Resolution was variable and was documented within 4 to 50
days. After resolution, several patients resumed with dose
reduction (e.g., 600 mg reduced to 400 mg) without
recurrence of rash. However, one patient on the 600 mg CDD
dose level, who also had mild eosin-ophilia (13.6%) at the
time of the initial grade 3 presenta-tion, developed a recurrent
rash in areas of sun exposure when he resumed at 400 mg.
SAR245408 was discontinued with gradual improvement,
although leathery, cracking skin persisted. Grade 1 and 2
events often resolved with topical steroids, antihistamines, or,
in some cases, no inter-vention and variably required dose
interruption and reduc-tion. On the 21/7 schedule, the onset of
most events was during dosing, although in some instances,
the onset was documented during the rest week of one of the
first 2 cycles.

Overall, 22 patients (31.9%) experienced serious AEs
(SAEs); of these, 3 (4.3%) patients reported an SAE possibly
related to SAR245408 (grade 1 pyrexia; grade 3 full-body
rash; and grade 4 arterial thrombosis). No notable trends in
SAE types were apparent. No deaths due to SAR245408-
related toxicity were reported. Eight patients died within 30
days of the last dose of SAR245408; all deaths were due to
disease progression.

Dose reductions were reported in 10 patients (14.5%), most
commonly at the 600 mg dose with either sched-ule (21/7
cohort: n %4 3, CDD cohort: n % 2) and at the 900 mg dose
with the 21/7 schedule (n % 3). Overall, 6 dose reductions
occurred because of an AE, most commonly rash (n V4 4)
and/or diarrhea (n %2 2). Seventeen dose delays were
recorded, 16 of which were due to AEs, most commonly rash
(n a1 grade 1, n % 3 grade 2 and n % 2 grade 3) and
diarrhea (n %2 4 grade 3 and n %4 1 grade 2).

The most common reason for treatment discontinuation

was disease progression (RECIST: n V4 41, 59.4%; clinical

deterioration: n %4 9, 13.0%). Seven patients (10.1%) dis-
continued because of AEs, of which 2 AEs (grade 3 rash and
grade 4 arterial thrombosis) were considered related to
SAR245408. There were no apparent differences in reasons
for discontinuation between treatment cohorts.

Pharmacokinetic analysis
Single-dose PK data are shown in Table 3. Single-dose

exposure (Cpax and AUCjg) for the 21/7 regimen showed
high interpatient variability across cohorts. Cpax and AUC(_

last appeared to increase dose proportionally in the dose range
of 30 to 400 mg, but values at 400 and 600 mg appeared

similar. Cpax and AUCq_ja5t values were approximately 2-
fold higher in the 900 mg cohort than in the 400 and 600 mg

dose cohorts. Within the CDD cohort, Cppax and AUCq st
values appeared to increase with dose for the 100 and 400 mg
dose levels; consistent with the 21/7 schedule cohorts,
exposure values for the 400 and 600 mg dose levels were

comparable. The median Tyax occurred at 4 to 22 hours post-
dose across all cohorts.

Repeated-dose PK data at steady state were analyzed at
cycle 1, day 21 for the 21/7 schedule and at cycle 1, day 28 for
the CDD schedule (Table 4 and Supplementary Fig. S1). For

the 21/7 schedule, the mean terminal half-life (t/;) of
SAR245408 ranged from 70 to 103 hours across the dose
cohorts. Steady-state plasma levels were achieved after 15 to
21 days of drug administration. Interpatient variability was
observed, with the AUC coefficient of variation percentage

ranging 5% to 89%. On both sche-dules, Cyax and AUCg 24
values increased approximately dose proportionately up to the
400 mg dose levels, whereas values were similar for the 400
and 600 mg dose level cohorts. Mean total CI/F values were 2-
fold higher for the 600 mg dose than for doses ranging 30 to
400 mg (Supplementary Fig. S1). For all dose levels, high
accu-mulation of SAR245408 was observed; the mean AR
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Table 4. Pharmacokinetic results from repeated-dose analysis

Mean (SD) (CV%)

Dose, Cmax/D, ng/ AUC(_24/D,
mg Yo " Trmax h Cmax, hg/ml ml/mg Last " AUCqg_24, h ng/ml h ng/ml/mg CI/F, ml/h AR Crax AR AUC AUC|5¢t, h ng/ml
2117 n%1 n%3 n%3 n%3 n%3 n%3 n%3 n%3 n%3 n%3 n%3
30 69.8 (NC) 2.69 (1.13) 12,300 (5,510) 411 (184) 143 (82.7)  2,58,000 (1,12,000) 8,589 (3,743) 140 (82) 10.34 (7.98) 11.91(8.31) 9,44,000 (6,63,000)
(NC) (42.0) (44.7) (44.7) (57.7) (43.6) (44.0) (58.0) (77.2) (69.8) (70.3)
n%o0 n'%2 n'%2 n%2 nY?2 nY?2 n'%2 nY2 n'?2 nY?2 n'?2
60 NC 4.04 (0.0589) 10,200 (5,140) 169 (85.7) 192 (1.77)  2,29,000 (1,22,000) 3,808 (2,039) 307 (164) 4.76 (1.04) 5.01(0.46) 13,40,000 (5,84,000)
(1.46) (50.6) (50.6) (0.92) (53.3) (54.0) (54.0) (21.8) (9.2) (43.5)
n%1 n%2 n%2 nY2 n%2 n%2 n'2 n%2 nY2 nY2 nY2
120 103 (NC) 14.0 (14.2) 44,000 (919) 366 (7.66) 179 (14.5)  9,82,000 (50,200) 8,192 (436) 122 (7) (6.3) 6.02(0.14) 6.42(0.28) 50,10,000 (88,400)
(NC) (101) 2.1) (2.1) (8.1) (5.1) (5.3) (2.4) (4.4) (1.8)
n%1 n%3 n%3 n%3 n%3 n%3 n%3 n%3 n%3 n%%3 n%3
225 79.8 (NC) 6.69(2.29) 45,700 (39,800) 203 (177) 137 (77.8)  10,60,000 (9,39,000) 4,699 (4,185) 334 (213) 5.25(2.26) 6.49(3.00) 51,80,000 (61,10,000)
(NC) (34.2) (87) (87) (56.8) (89.0) (89.0) (64.0) (43.0) (46.2) (118.0)
n%1 n%4 n%4 nv4 n'4 n%3 n"%3 n%3 nv4 n%3 n%4
400 79.5(NC) 3.63(3.25) 99,700 (36,600) 249 (91.4) 109 (97.8) 22,60,000 (2,35,000) 5,642 (586) (10) 178 (18) (10) 10.98 (6.62) 10.64 (5.80) 78,40,000 (69,90,000)
(NC) (89.7) (36.7) (36.7) (89.5) (10.4) (60.3) (54.5) (89.2)
nY?2 n%9 n%9 n%9 n%9 n%9 n%9 n%9 n%9 n%9 n%9
600 88.0 (21.3) 4.22 (7.54) 95,200 (43,600) 159 (72.7) 156 (62.3)  20,60,000 (9,38,000) 3,429 (1,562) 462 (484) 8.05(6.49) 8.98(7.07) 1,02,00,000 (59,40,000)
(24.2) (179) (45.8) (45.8) (39.9) (45.6) (46.0) (105.0) (80.6) (78.7) (58.4)
NC n%1 n%1 nY%1 nY1 nY1 n%1 nY1 n%1 n%1 n%1
900 NC 0.5.9 (NC) 1,36,000 (NC) 151 (NC) 217 (NC) 29,40,000 (NC) (NC) 3,267 (NC) (NC) 306 (NC) 12 (NC) 13.0 (NC) 2,04,00,000 (NC) (NC)
(NA) (NC) (NC) (NC) (NC) (NC) (NC)
CDD n%0 n%3 n%3 n%3 n%3 n%3 n%3 n%3 n%%3 n%%3 n%3
100 NC 6.67 (2.31) 23,800 (11,500) 238 (115) 23.9 (0.173) 54,1000 (2,76,132) 5,410 (2,761) 219 (103) 5.15(1.38) 5.88(1.62) 5,41,000 (2,76,000)
(NC) (34.6) (48.2) (0.7) (51) (51.0) (47.0) (26.9) (27.5) (51.0)
n%0 n%3 n%3 n%3 n%3 n%3 n%3 n%3 n%3 n%%3 n%3
400 NC 4.00 (3.46) 1,18,000 (51,900) 294 (130) 24.4 (1.65) 26,53,333 (11,66,462) 6,633 (2,916) 182 (107) 10.79 (6.88) 11.95(7.74) 26,50,000 (11,60,000)
(86.6) (44.1) (44.1) (6.8) (44.0) (44.0) (59.0) (63.7) (64.8) (43.9)
n%0 n%14 n%14 n%14 nY14 nY14 n%14 n'14 n%14 n%14 nY14
600 NC 3.36 (3.03) 87,200 (40,300) 145 (67.2) 24.4 (1.1) 19,31,286 (91,3057) 3,219 (1,522) 439 (329) 10.5 (4.3) 13.0 (6.8) 19,30,000 (9,13,000)
(90.2) (46.3) (46.3) (4.51) (47.3) (47.3) (75.0) (40.7) (52.4) (47.3)

Abbreviations: 21/7, 21 consecutive days on treatment followed by 7 days off treatment; AUC|ast, area under the concentration—time curve up to the last measurable
concentration; AUC(g—p4, area under the concentration—time curve up to 24 hours; AR, accumulation ratio; Cmax, maximum concentration; CDD, continuous once-daily dosing;
CL, apparent clearance; CV, coefficient of variation; D, dose normalized; NC, not calculated; tjgst, time to last measurable concentration; tmax, time to maximum
concentration; t1/2, z, terminal elimination half-life.
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Figure 1. Reduction of PI3K signaling by SAR245408 in serial hair cells and in skin biopsies. Pharmacodynamic inhibition by SAR245408 on the PI3K pathway was

documented by immunofluorescence in hair sheath cells and skin biopsies. A, effect of SAR245408 on the PI3K/mTOR pathway in hair sheath cells,
assessed b¥ immunofluorescence staining of phosphorylated elF4E-binding protein-1 (p4EBP1)T7O, pAKTTsoe, phosphorylated proline-rich AKT1 substrate
(pPPRAS40) 246, and p868240/244 in cross-sections of baseline and post-dose hair collected from a patient who received SAR245408 225 mg daily on the 21/7

schedule. A representative field was captured per readout at _400 magnification. (Continued on the following page.)
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based on AUC_p4 ranged 5- to 12-fold (21/7 cohort) and 6-
to 13-fold (CDD cohort). The percentage of drug excreted
unchanged in urine was low (<0.1%) and inde-pendent of
dose.

Pharmacodynamic analysis

Repeated dosing of SAR245408 caused a minor increase in
fasting plasma insulin 2 hours post-dose on days 8 and 21,
and a significant food-induced insulin increase at 4 hours
post-dose on days 8 and 21, indic-ative of hyperinsulinemia
(Supplementary Fig. S2) and consistent with the known role
of PI3K in insulin sig-naling. In contrast, minimal to no effect
on plasma glucose concentrations was evident. No consistent
mod-ulation of VEGF-A, insulin-like growth factor binding
protein-2 (IGFBP-2, or regulated and normal T-cell expressed
and secreted (RANTES) levels was observed (data not
shown).

The impact of SAR245408 on the PI3K pathway was

assessed in paired surrogate tissues (hair sheath cells and skin)
from a limited number of patients during dose escalation and
in tumor biopsies (and in some instances skin biopsies) from
patients treated at the MTD. Novel immunofluorescence
staining methods providing more quantitative readout than
traditional ~immunohistochem-istry were developed to
investigate PI3K pathway modu-lation (20). Analysis of hair
sheath sets collected from four patients treated with 120, 225,
and the 600 mg MTD dose in the 21/7 cohort showed a time-
dependent path-way inhibition, with pronounced effects at 120
and 225 mg (Fig. 1A and B; Supplementary Table S2) for
PI3K
proximal biomarkers (pAKTS473, pPRAS40T246 and
pAKT > with 519%-80%, 59%-80%, and 48%-75%
reductionT respectivelz?fgf and downstream biomarkers
(p4EBP1" 7% and ps6>2*5% % with 59%-82% and 68%
82% reduction, respectively). No obvious dose-response
relationship was observed but pathway inhibition was more
pronounced at higher plasma concentrations of SAR245408.
Analysis of paired skin biopsies collected from 9 patients
treated with doses ranging from 30 to 900 mg showed
moderate pathway inhibition, with max-imum inhibition
ranging from 30% to 55% for proximal and distal biomarkers
(Fig. 1C and D and Supplementary Table S2).
Pharmacodynamic effects were also explored in PBMC
lysates and buccal mucosal smears; however, because of
technical challenges, limited data were obtained (data not
shown).

Analysis of paired tumor biopsies collected from 9 pati-ents
enrolled in the 600 mg MTD cohort (including a patient
enrolled in the 900 mg cohort who underwent dose reduc-

tion to 600 mg) showed robust but partial PI3K pathway
inhibition, with >60% pAKT reduction in 5 of the 9
tumor sets (range, 41%—-82%; Fig. 2A—C and Supple-mentary
Table S3). Downstream inhibition of the PI3K

pathway Wwas evidentS ﬁ%?léza%duction of TORC1 biomar-kers
(p4EBP1" " and pS6 0f39%—73% and 68%—

70%) and TORC2 biomarkers (pAKT>*"> and pPRAS40"2*
of 55%—61% and 50%—68%). Interestingly, SAR245408

also had an effect on the RAS/MEK/ERK pathway in tumor
tissue, with pERKTZOZ/Y204 and pMEKSZW5221 reductions of
42% to 70% and 46% to 59%, respectively (Fig. 2 and
Supplementary Fig. S3). The interpatient variability in expo-
sure observed did not account for observed differences in
pathway inhibition. The impact on cell proliferation was
modest (15%-49% reduction of Ki67) and induction of
apoptosis was minimal or not apparent (Fig. 2C). Inhibition of
the PI3K pathway occurred in tumors with and without
molecular alterations in PI3K pathway components/modu-
lators (Fig. 2 and Supplementary Table S3).

6

Pathway modulation by SAR245408 was more pro-nounced
in tumor tissue compared with normal skin in 3 patients
receiving the 600 mg MTD dose for whom both tumor and
normal skin samples were available (Figs. 1C and 2B;
Supplementary Tables S2 and S3). Similarly, when tumor and
adjacent normal skin were collected in the same biopsy from
either a patient with hamartoma (Cowden syndrome) or one
with Merkel cell carcinoma, pathway modulation was more
pronounced in tumor tissue than in normal skin adjacent to
tumor tissue (Fig. 2D and Supple-mentary Table S3).

Antitumor activity

Twenty-five patients (43.9%) had stable disease as the best
response, and 8 patients were progression-free at 6 months,
including patients with NSCLC, prostate, and head and neck
cancer, as well as the patient with SLL (Supplementary Table
S4). Three patients were on study for _12 months. Prolonged
stable disease was observed among patients regardless of the
mutational status of components of the PI3K pathway. Three
of 33 patients evaluated had tumors with PIK3CA mutation, 6
of 33 patients had tumors harboring PTEN deletion or muta-
tion, and 5 of 14 patients had tumors with TP53 muta-tion, all
consistent with frequencies expected for this phase I
population. In the one patient with NSCLC with a partial
response, no mutations in PIK3CA, PTEN, KRAS, MET,
EGFR, or LKB1 genes were detected in archival tumor tissue
(Supplementary Table S4). There were also no apparent
differences in efficacy between the 2 dosing regimens.

(Continued.) B, progressive reduction in immunofluorescence staining of pAKTTaOB, pAKTS473, pPRAS40T246, p4EBP1T7O, and pSGSZ‘W244 in hair sheath cells

collected from 4 patients receiving SAR245408 120 mg (n ¥4 2), 225 mg and 600 mg dai!e/ on the 21/7 schedule. C, effect of SAR245408 on the PI3BK/mTOR
. L ) - S473 70 . )

signaling pathway in skin biopsies assessed by immunofluorescence staining for pAKT and p4EBP1 in samples collected at baseline and da_y 28 from a

patient receiving SAR245408 100 mg daily on the CDD schedule. D, quantification of SAR245408 modulation of pAKT 28, pAKT>*"® and p4EBP1" % in

cross-sections of skin biopsied at baseline and post-dose (on cycle 1, day 20 or day 29) in 9 patients who received SAR245408 on the 21/7 schedule

(30, 60, 225, 600, and 900 mg reduced to 600 mg) and CDD schedule (100 mg). Individual patient data (each line representing an individual patient)

and box plot representations (inset plot) are shown.
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Figure 2. Reduction in PI3K signaling by SAR245408 in paired tumor biopsies. Pharmacodynamic inhibition by SAR245408 of the PI3K and ERK pathways,

documented by immunofluorescence. A, effect of SAR245408 on the PI3K pathway and tumor proliferation in 3 patients treated with SAR245408 at 600 mg daily.

Inhibition of the PI3K pathway was assessed by immunofluorescence staining of cryopreserved biopsy samples collected from patients with NSCLC or

leiomyosarcoma treated with the 21/7 schedule, and a patient with tongue SCC treated with the CDD schedule. (Continued on the following page.)
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Discussion

We report here the safety, tolerability, and preliminary
efficacy results of the pan-class I PI3K inhibitor SAR245408.
The MTD in the capsule formulation was determined to be
600 mg, both for the 21/7 and for the CDD schedules.
Although the number of dose reductions was higher in the
21/7 cohort and treatment-related AEs were slightly more
common in the CDD cohort, differences between the sche-
dules appeared to be of limited importance, such that
SAR245408 had a manageable toxicity profile, with drug-
related severe AEs being infrequent. Of note is the relatively
low incidence of hyperglycemia, a secondary effect of PI3K
pathway inhibition observed with some PI3K pathway
inhibitors. In this study, 5 patients (7.2%) presented with
drug-related hyperglycemia (all grades). In a recent study of
BKM120, a pan-class I PI3K inhibitor, 37% of patients
experienced drug-related hyperglycemia, including 9% with
grade 2-3 severity (21). In contrast, minimal and/or tran-sient
hyperglycemia was observed with the irreversible pan-class I
PI3K inhibitor PX-866 (22) and the AKT inhib-itor MK-2206
(23), probably due to compensatory mechanisms.

The drug exposure parameters presented here show that
pharmacokinetic variables were similar between the 21/7 and
CDD cohorts and did not change with duration of dosing. The
plasma concentrations associated with robust
pharmacodynamic impact and antitumor efficacy in mice (17)
are comparable to plasma concentrations associated with
PI3K pathway inhibition in this clinical study. Phar-
macodynamic analyses showed evidence of PI3K pathway
inhibition in tumor tissue and hair sheath cells and, to a lesser
extent, in skin tissue.

PI3K pathway modulation was observed in all 9 tumor
biopsy sets evaluated (Supplementary Table S3). Further-
more, PI3K pathway inhibition was still apparent at day 28 in
a patient with ovarian leiomyosarcoma enrolled to the 21/7
schedule, suggesting that pathway modulation per-sisted
through the 7-day break in dosing. This observation may be
attributed to the long half-life and high accumula-tion of
SAR245408.

PI3K pathway inhibition in tumor was partial (pAKT
range in reduction of 41%—-82%, including four tumor sets
with >60% reduction). The degree of inhibition required for
antitumor activity in patients is unknown and may vary
depending on tumor addiction to the pathway and/or the
presence of molecular alterations causing resistance. PI3K
pathway modulation has also been documented for MK-2206

(45%—-96% pAKTS473 reduction in tumor tissue;

T308

ref. 23) and BKM120 (40%-85% pS6>2*"*** reduction in

skin tissue; ref. 21). Pathway inhibition in skin tissue was less
pronounced than in adjacent tumor tissue, suggesting some
degree of tumor- cell selectivity and hence the poten-tial to
minimize AEs in clinical practice. Such selectivity may stem
from differences in pathway activation state or local exposure
to SAR245408 due to altered vascular integrity in tumors.

Because mTOR inhibition by rapalogs has been associ-ated
with ERK pathway activation in both preclinical mod-els and
patients (24), we examined the impact of SAR245408 on the
RAF/MEK/ERK pathway in tumor tissue. A clear inhibition
of the MEK/ERK pathway was observed. SAR245408 is

highly selective for class I PI3K isoforms, with ICs( values
for BRAF, CRAF, and MEK >10 mmol/L, and no effect on
the MAPK pathway was observed in preclinical models (18,
19). The mechanisms underlying SAR245408 inhibition of the
ERK pathway in tumor tissue are unclear; PI3K inhibition
may disrupt positive crosstalk between the PI3K and ERK
pathways, or alternatively, the effect may be indirect and
mediated by changes in tumor biology caused by PI3K
inhibition that are not yet elucidated. This obser-vation is of
substantial interest given the potential impor-tance of
simultaneously inhibiting the PI3K and MAPK pathways in
tumor cells. These data may explain the efficacy of
SAR245408 against KRAS-mutant xenograft models (18).

Modest effects on proliferation and apoptosis were
observed, suggesting that with the exposure achieved in the
study population, SAR245408 effects are primarily cytostat-ic
and not pro-apoptotic. As such, it is not surprising that stable
disease was the best response seen in 44% of patients, of
which 8 maintained their response for >6 months. These
results are comparable to those reported for the pan-class I
PI3K inhibitor BKM120 (21), the irreversible pan-class I
PI3K inhibitor PX-866 (22), and the AKT inhibitor MK-2206
(23). Several PI3K isoform-specific inhibitors are in
development, and these agents may have the potential to
achieve greater pathway inhibition at doses associated with
minimal AEs. The data here show that the pan-PI3K inhib-itor
SAR245408 administrated at biologically active doses is
associated with a manageable safety profile that compares
favorably with other pan-PI3K inhibitors (21).

Frequencies of molecular alterations in PIK3CA, PTEN,
and TP53 were consistent with those expected for this phase I
population. Inhibition of the PI3K pathway occurr-ed in
tumors with and without alterations in PI3K path-way
components/modulators, and no correlation between efficacy
and molecular alterations was identified. Some

(Continue#?oRepresentative fields were captured per readout at _400 magnification [colors: red for pAKTT308 or phosphorylated elF4E-binding protein-1

(p4EBP1) ", blue for 40,6-diamidino-2-phenylindole (DAPI) and magenta for Ki67]. The NSCLC tumor had an about 2-fold PIK3CA amplification; the
tongue SCC had a PIK3CA E545K mutation and no mutation was detected in NSCLCs and leiomyosarcoma tumors._In the leiomyosarcoma tumor, reductions of

82% in pAKT level and 68% in p4EBP1
observed. In the tongue SCC tumor, reductions of 59% in pAKT

level were observed. In the NSCLC tumor, reductions of 79% in pAKT
level and 56% in pAEBP1 level were observed. B and C, quantification of

level and 73% in p4EBP1T70 level were

immunofluorescence staining in tumor biopsies taken at baseline and on cycle 1 day 21 or 28 in 9 patients receiving the MTD of SAR245408 (600 mg daily).

Individual patient data (each line representing an individual patient) and box plot representations (inset plot) for pAKT

T308 T70

 paEBP1TT0. pERKTzoz/Yzo{

Ki67 and TUNEL levels are shown. D, effects of SAR245408 on the PI3K pathway and tumor proliferation in tumor and adjacent skin. Immunofluorescence
and H&E stainingsgjoll\gfrkel cell carcinoma and adjacent skin tissue biopsies taken at baseline and day 21 from a patient treated with SAR245408

600mg daily. pS6

reduction of 70% in tumor and 35% in skin were observed. NT, non-tumor stroma; S, skin; T, tumor cell.
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preclinical studies have suggested that PIK3CA mutations
might predict sensitivity to pan-PI3K and dual PI3K/mTOR
inhibitors (25); however, these results have not yet been
clinically validated. In contrast, studies with a-isoform-
selective and b-isoform-sparing PI3K inhibitors have pro-
duced responses among patients with tumors harboring
PIK3CA mutations (26, 27); in addition, the presence of a
PIK3CA mutation-related gene signature may identify
patients with breast cancer who may benefit from the addition
of everolimus to letrozole (28), although clinical benefit from
everolimus is not restricted to patients with PIK3CA-mutant
tumors. The molecular profiling conducted here was limited
to analysis of a few candidate genes and evaluation of PTEN
protein levels in a heterogeneous pop-ulation. Further
extensive next-generation molecular pro-filing analyses in
homogenous patient populations with agents targeting the
PI3K/mTOR pathway will be required to better define
signatures of response, clinical benefit, and resistance.

In summary, this first-in-human phase 1 study showed a
favorable safety profile, demonstrable pharmacodynamic
effects and preliminary antitumor activity of SAR245408 in
patients with advanced solid tumors, supporting its further
development. Evaluation of SAR245408 as monotherapy is
ongoing in endometrial cancer, glioblastoma, and lympho-ma.
In addition, a tablet formulation of SAR245408 is being
evaluated in patients with advanced solid tumors. Rational
combination studies of SAR245408 with other targeted or
cytotoxic agents are ongoing or completed, which should help
define the role of PI3K inhibition in the anticancer
armamentarium.
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Buparlisib, o BKM120 (Novartis Pharma AG, Basel, Suiza) es un pan-inhibidor de PI13K derivado
de la pirimidina con potente actividad especifica contra las isoformas de PI3K de clase I.
Buparlisib inhibe las isoformas PI3Ko tanto mutado como salvajo o nativo, asi como las
isoformas 3, 8 y v de PI3K en concentraciones nanomolares (de 52 nM/166 nM/116 nM/262
nM, respectivamente). Buparlisib no tiene actividad inhibidora contra las isoformas de PI3K de
clase lll, o diana de rapamicina en células de mamifero (mTOR)(90). Los experimentos in vitro
muestran que Buparlisib posee un potente efecto antiproliferativo en las lineas celulares de
cancer en humanos con alteraciones en la via PI3K. In vivo, Buparlisib mostré una significativa
actividad antitumoral en modelos de xenoinjertos tumorales en humanos, con una buena

correlacién entre la exposicién a Buparlisib y la inhibicién de la sefializacién de PI3K.

En el presente estudio detallamos un analisis completo del primer ensayo de fase | en
humanos del agente Unico buparlisib para evaluar su seguridad, sus biomarcadores

farmacocinéticos y farmacodinamicos, asi como los factores predictores de eficacia.
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3.2.2 Segundo manuscrito: Estudio de fase | de aumento de dosis y expansion de
Buparlisib (BKM120), un pan-inhibidor oral de PI3K de Clase I, en pacientes con
tumores sélidos avanzados.
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Summary Purpose The pan-Class I PI3K inhibitor buparlisib
(BKM120) has shown activity in a range of pre-clinical cancer
models. This first-in-man study was initiated to identify the
maximum tolerated dose (MTD) of buparlisib (100 mg/day) and
to assess safety and preliminary efficacy. Methods Patients with
advanced solid tumors (N=83) enrolled in a Phase I dose-
escalation and -expansion study of single-agent buparlisib.
Patients in the dose-expansion arm (n=43) had tumor samples
with PIK3CA and/or PTEN alterations. Results The most
common cancers were colorectal (n=31) and breast cancer
(n=21). Median number of prior antineo-plastic regimens was
four (range: 1-12). Grade 3/4 adverse events (AEs) included
asthenia (12.0 %) and performance status decrease (9.6 %).
Treatment-related AEs (all grades) included decreased appetite,
diarrhea, nausea (each in 33 % of
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patients), hyperglycemia (31 %) and rash (29 %). One con-firmed
partial response (PR; triple-negative breast cancer) and three
unconfirmed PRs (parotid gland carcinoma, epithelioid
hemangiothelioma, ER + breast cancer) were reported. Tumor
molecular status did not predict clinical benefit in the full study
cohort, or among the colorectal or breast cancer sub-populations.
Pharmacodynamic biomarkers ('F-FDG-PET, C-peptide, pS6)
demonstrated dose-dependent changes; how-ever, tumor
heterogeneity precluded a clear correlation with clinical benefit.
Conclusion Buparlisib was well tolerated up to the 100 mg/day
dose and showed preliminary activity in patients with advanced
Future studies homo-geneous patient
populations will evaluate buparlisib in com-bination with other
agents and further investigate the use of predictive biomarkers.
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Introduction

The phosphatidylinositol 3-kinase (PI3K) pathway is one of the
most frequently dysregulated signaling pathways in cancer and
has been associated with resistance to chemotherapy and targeted
agents [1-5]. Class IA PI3Ks, the type most com-monly
implicated in cancer, are heterodimers comprising a regulatory
(p85) and a catalytic (p110) subunit. Various iso-forms of these

subunits exist, including five regulatory sub-units (p85a, p858,
p55a, p55y, and p50a) and three catalytic subunits (p110«, p1108,

and p1109) [6]. PI3Ks transduce extracellular signals received by
receptor tyrosine kinases and G protein-coupled receptors, among
others, and initiate a signaling cascade that activates several
important down-stream effectors that promote cancer cell growth,
proliferation, survival, motility and metabolism [6].

Mutation or amplification of PIK3CA, which encodes the

pl10« isoform of the PI3K catalytic subunit, is frequently
observed in cancer. Similarly, the gene encoding phosphatase and
tensin  homolog (PTEN), a phosphatidylinositol-3.4,5-
trisphosphate 3-phosphatase, is also found to be deleted, mu-
tated, or silenced in a wide range of malignancies [1, 7-9]. Given
the prevalence of PI3K pathway alterations, and the critical role
that PI3K plays in oncogenic signal transduction, targeted
inhibition of PI3K has emerged as a promising ther-apeutic target
for cancer.

Buparlisib (BKM120; Novartis Pharma AG, Basel, Swit-
zerland) is an oral pan-Class I PI3K inhibitor that selectively

targets all four isoforms of Class I PI3K («, B, y, 8), with at least
50-fold selectivity against several other lipid or protein kinases
[10]. Single-agent buparlisib has demonstrated anti-proliferative,
pro-apoptotic, and antitumor activity in a variety of cell lines and
xenograft models from cancers with and without aberrant PI3K
pathway activation [10—14].

Preliminary results from the dose-escalation portion of this
first-in-human, Phase I dose-escalation study of single-agent
buparlisib, which began on November 24, 2008, were reported
for 40 patients with advanced solid tumors (NCT01068483) [15].
In the preliminary report, the maximum tolerated dose (MTD) of
single-agent buparlisib was established at 100 mg/day [15]. Here,
we report the full analysis of this Phase I trial, which includes
additional data on 5 patients who were enrolled in the dose-
escalation phase of the trial (n=40), and an additional 43 patients
who were enrolled in the dose-expansion phase (N= §3 in total).
In addition to this updated analysis, we also present updated
pharmacody-namic biomarker data.
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unresectable breast, colorectal, ovarian, endometrial or other solid
cancer, who had progressed on (or not been able to tolerate)
standard therapy, or for whom no standard anticancer therapy was
available, were eligible for enrollment in this two-part study [15].
Seventeen patients in the dose-escalation arm of the study were
treated at the MTD [15], with an additional 43 patients treated as
part of the dose-expansion arm.

To further investigate how PI3K pathway alterations might
influence the effect of buparlisib treatment, the dose-expansion
arm of the trial was enriched for patients with common PI3K
pathway alterations. Additional patients were eligible for
enrollment in the dose-expansion arm if they demonstrated the
criteria described above for the dose-escalation phase, and
provided fresh or archival tumor biop-sies that showed alterations
in the PI3K pathway, defined as mutated or amplified PIK3CA
and/or mutated PTEN and/or null/low PTEN protein expression
(H Score =50 by immuno-histochemistry). PI3K pathway
alterations were not compul-sory for enrollment in the dose-
escalation arm but the PI3K activation markers were still
evaluated using archival tumor tissue.

Based on clinical observations, from January 14, 2010,
patients with the following psychiatric disorders were exclud-ed
from enrollment: medically documented history of or ac-tive
major depressive episode, bipolar disorder (I or II), obsessive-
compulsive disorder, schizophrenia, a history of suicidal attempt
or ideation, or homicidal ideation (immediate risk of doing harm
to others). The presence of these disorders was assessed by the
investigator or a psychiatrist, or from the results of self-rating
patient mood assessment questionnaires. Two  patient
questionnaires were used: the 7-item generalized anxiety disorder
scale (GAD-7), and the 9-item patient health questionnaire (PHQ-
9) for the assessment of depression [16, 17].

Approval was obtained from the ethics committees of
participating institutions and regulatory authorities. All partic-
ipating patients provided written informed consent and agreed to
comply with the protocol. The study was conducted in
accordance with the Declaration of Helsinki and guidelines for
Good Clinical Practice as defined by the International Conference
on Harmonization.

Study design and treatment

This was a Phase I, multicenter, open-label, single-agent study,
which consisted of two parts: a dose-escalation part [15] and a
dose-expansion part (presented here as an updated and extended
analysis alongside additional data from the
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dose-escalation cohorts). The primary objective of the study was
to establish the MTD of buparlisib on a once-daily con-tinuous
schedule in adults with advanced solid tumors. Sec-ondary
objectives included the assessment of pharmacokinet-ics, the
safety and tolerability of buparlisib, preliminary anti-tumor
activity (according to Response Evaluation Criteria In Solid
Tumors [RECIST] wversion 1.0), and pharmacodynamic
assessments, including markers of glucose metabolism, cell
proliferation, angiogenesis and cell death, and the use of '“F-
FDG-PET as a potential marker of early efficacy.

Patients received oral buparlisib as once-daily hard gelatin
capsules in a continuous schedule of 28-day cycles. In the dose-
escalation part of the study, successive cohorts of patients re-
ceived buparlisib starting at 12.5 mg/day, until disease progres-
sion, unacceptable toxicity, or withdrawal of consent. Clinical
judgment on the overall safety profile together with an adaptive
Bayesian logistic regression model for dose escalation with
overdose control [18] guided the dose escalation based on the
incidence of dose-limiting toxicities (DLTs) evaluated during the
first treatment cycle. The MTD was defined as the highest dose of
buparlisib not causing DLT in more than 33 % of patients in the
first treatment cycle [15]. Patients enrolling in the dose-expansion
arm received buparlisib at the MTD (100 mg/day).

Safety and efficacy assessments

Routine clinical and laboratory assessments were conducted at
baseline, weekly until Day 22 of Cycle 2, and then on Days 1 and
15 of subsequent cycles. Other safety assessments includ-ed,
fasting plasma glucose, insulin and C-peptide tests; assess-ment
of fructosamine and hemoglobin Alc levels; and elec-
trocardiography. Following the January 2010 amendment,
patients were also assessed for psychiatric disorders using patient
self-rating mood questionnaires for anxiety and de-pression
(PHQ-9 and GAD-7).

Adverse events (AEs) were collected continuously and graded
using the National Cancer Institute’s Common Termi-nology
Criteria for Adverse Events (NCI-CTCAE) v3.0. Ra-diologic
response was assessed by computed tomography (CT) scan
according RECIST version 1.0 at baseline and at approximately
Day 28 of Cycle 2 and every 8 weeks thereafter.

Biomarker and pharmacodynamic assessments

Archival or fresh tumor biopsies were collected from all patients
as part of prescreening for enrollment into the dose-expansion
portion of the trial, and were used for central assessment of the
presence of PIK3CA mutation in exons 9 or 20 as determined by
SNaPshot genotyping assay, and low or null PTEN expression as
defined by an immunohistochem-istry H-Score <50. KRAS
mutation was also assessed by genomic sequencing as part of
exploratory analysis. Pre- and
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post-treatment tumor biopsies were obtained where possible, and
used to assess the pharmacodynamic markers pAKT, pS6, and
p4EBP1, and the cell proliferation marker Ki-67. Changes in pS6
(baseline to Day 1 of Cycle 2) were also assessed in skin
biopsies, which were used as a surrogate tissue for assessing
PI3K inhibition.

Blood samples (8 mL) for glucose metabolism markers
(fasting plasma glucose, insulin and C-peptide) were collected at
baseline, and predose and 0.5 h, 1 h, 2 h, 4 h and 24 h post-dose
on Days 1, 8, and 28 of Cycle 1. Regular blood samples were also
used to assess circulating markers of angiogenesis (BFGF, PLGF,
SVEGFR1, SVEGFR2, and VEGF; 4 mL samples taken pre-dose
at baseline, weekly during Cycle 1, and on Day 1 of every odd
cycle thereafter) and cell death (M30 and M65; 3.5 mL samples
taken at baseline, pre-dose at Day 1 Cycle 1, then 6 h post-dose at
Day 8 and Day 28 of Cycle 1, and Day 1 of Cycle 3).

Whole-body '*F-FDG-PET scans were performed at base-line
and on Day 28 of Cycles 1 and 2 to assess tumor metabolic
response to treatment. A significant biological re-sponse was
defined as a change of 225 % in standardized uptake value (SUV)
as described in EORTC guidelines [19].

Results
Patient characteristics

In total, 83 patients were enrolled in this Phase I trial between
November 24, 2008 and August 9, 2012. Forty patients were
previously reported as receiving daily buparlisib at six dose-
levels, as part of the dose-escalation phase (12.5 mg, n=1; 25 mg,
n=2; 50 mg, n=5; 80 mg, n=11; 100 mg, n=17, 150 mg, n=4)
[15]. In the dose-expansion phase, 43 patients received buparlisib
at 100 mg/day, including 5 patients who were enrolled within a
separate terminal elimination half-life cohort (TEC), which was
designed to further investigate the pharmacokinetic profile of
buparlisib (Table 1).

Predominant primary tumor types were colorectal cancer
(n=31) and breast cancer (n=21), among others. The study
population had received multiple prior therapies: the median
number of prior antineoplastic regimens was 4 (range 1-12).
PIK3CA mutation and PTEN null/low expression assessments
were available for 69 and 76 patients, respectively (Table 2).
PTEN loss and PIK3CA mutation were observed in tumor
samples from 21 to 15 patients, respectively, and 35 patients had
a tumor sample with at least one of these alterations. KRAS
mutation was assessed in 64 tumor samples, with 18 samples
demonstrating this alteration.

Tumors from patients with colorectal cancer had high rates of
molecular alterations in PIK3CA, PTEN, and KRAS. Of the 31
patients with colorectal cancer, 27 were evaluable for PIK3CA
mutation and/or PTEN loss, and 25 were evaluable
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Table 1 Baseline patient characteristics

Characteristic 12.5 mg 25 mg 50 mg 80 mg 100 mg 150 mg TEC 100 mg  All patients
N=1 N=2 N=5 N=11 N=55 N=4 N=5 N=83
Age, years
Median (range) 63 (63—63) 57.5(49-66) 52 (49-60) 55(40-72) 56(37-78) 55(37-76) 52(30-73) 55 (30-78)
Sex
Male (n, %) 1 (100) 1 (50.0) 2 (40.0) 2 (18.2) 22(40.0)  2(50.0) 3 (60.0) 33(39.8)
WHO performance status
0 1 (100) 2 (100) 3 (60.0) 6 (54.5) 20 (36.4)  4(100) 0 36 (43.4)
1 0 0 2(40.0) 5(45.5) 34(61.8) 0 5 (100) 46 (55.4)
2 0 0 0 0 1(1.8) 0 0 1(1.2)
Patients with prior antineoplastic 1(100.0) 2 (100.0) 5(100.0) 11(100.0) 53(96.4)  4(100.0) 4 (80.0) 80 (96.4)
regimens (n, %)
No. of prior antineoplastic regimens
Median (range) 5(5-5) 5(5-5) 3(2-5) 3(1-12) 4(1-10) 3(1-12) 4 (24) 4(1-12)
Primary sites of tumor (n, %)
Colon 1 (100) 1 (50.0) 3(60.0) 3(27.3)14 14(25.5) 1(25.0) 0 23(27.7)
Breast 0 0 0 19.1) 19 (34.5) 1(25.0) 0 21(25.3)
Rectum 0 0 0 0 6(10.9) 0 2 (40.0) 8(9.6)
Lung 0 0 0 19.1) 3(5.5) 0 0 4(4.8)
Ovary 0 0 0 19.1) 2(3.6) 0 0 3(3.6)
Head and neck 0 0 0 0 1(1.8) 0 1 (20.0) 2(24)
Pancreas 0 0 0 0 2(3.6) 0 0 2(24)
Prostate 0 0 1(20.0) 0 1(1.8) 0 0 224
Liver 0 0 0 0 1(1.8) 0 0 1(1.2)
Oral cavity 0 0 0 0 0 0 1 (20.0) 1(1.2)
Stomach 0 0 0 0 0 0 1 (20.0) 1(1.2)
Small intestine 0 0 0 0 1(1.8) 0 0 1(1.2)
Kidneys 0 0 0 0 0 1(25.0) 0 1(1.2)
Thyroid 0 0 0 19.1) 0 0 0 1(1.2)
Gall bladder 0 0 0 19.1) 0 0 0 1(1.2)
Other 0 1 (50.0) 1(20.0) 3(27.3) 5(9.1) 1(25.0) 0 11(13.3)

TEC terminal elimination half-life assessment cohort, WHO world health organization

for KRAS mutation: 16 colorectal cancer samples demonstrat-ed
PIK3CA mutation or low/null PTEN expression; 12 sam-ples had
KRAS mutation, and 8 samples demonstrated alter-ations in both
pathways (KRAS mutation in addition to PIK3CA mutation or
low/null PTEN expression).

Of the 21 patients with breast cancer, 20 patients were
evaluable for PIK3CA mutation, and 21 for null/low PTEN
expression. Tumors from these patients showed high rates of
PIK3CA mutation (5 samples) and PTEN loss (6 sam-ples), with
1 sample (estrogen receptor [ER]-positive, pro-gesterone receptor
[PgR]-positive, HER2-negative breast cancer) showing both
alterations. KRAS mutation was evaluable in 18 patients and
identified in two samples, with 1 sample also showing low/null
PTEN expression. Among the 21 patients with breast cancer, 17
patients had tumors that were positive for ER, 12 had PgR-
positive tumors, 4
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demonstrated HER2-positive expression, and 3 had “triple-
negative” breast cancer, with no expression of ER, PgR, or HER2.

Patient disposition

As of November 12, 2012, all 83 patients enrolled in the dose-
escalation and -expansion phases had discontinued study
treatment: 54 discontinued due to disease progression, 4 due to
withdrawal of consent, 4 due to death, 1 due to protocol
deviation, and 20 patients reported adverse event(s) as being the
primary reason for study discontinuation.

The most frequent adverse events leading to study drug
discontinuation were rash (3 patients), followed by asthenia,
hyperbilirubinemia, hyperglycemia, transaminases increased and
mood altered (2 patients each). Discontinuations due to

@ Springer
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Table 2 Summary of tumor molecular status in patient samples at
baseline

Tumor molecular status All patients
N=83
n %
PIK3CA mutational status (n=69)
PIK3CA mutation 15 18.1
PIK3CA wild-type 54 65.1
PTEN expression status (n=76)
PTEN null or low” 21 253
PTEN not low 55 66.3
PIK3CA mutation OR PTEN expression status
PIK3CA mutation and/or PTEN null/low” 35 422
Neither PIK3CA mutation nor PTEN null/low” 37 44.6
Patients with at least one unknown status for 11 13.3
PIK3CA mutation or PTEN lossb
KRAS mutational status (n=64)
KRAS mutation 18 21.7
KRAS wild-type 46 554

g Low PTEN expression defined as immunohistochemistry H-

Score <50

10. Includes patients that have demonstrated a lack of one of
the following: PIK3CA mutation or PTEN null/low

death occurred because of disease progression (2 patients), renal
failure secondary to cancer, and sudden death (1 patient each,
respectively). The patient who died of sudden death was a male
patient with cholangiocarcinoma who had experienced disease
progression (reported as “clinical worsening”) 3 days previously,
which required hospitalization and was not suspected to be
related to the study drug. No deaths were attributed to study
treatment. Median exposure to buparlisib was 7.3 weeks (range:
0.1-160.3) in the full analysis set, and 7.6 weeks (range: 1.0—
160.3) in the 55 patients treated at MTD.

Safety and tolerability

All 83 patients received at least one dose of buparlisib and at least
one post-baseline safety assessment, and were included in the
evaluation of safety and tolerability. Overall, the most common
Grade 3/4 adverse events, regardless of causality, were asthenia
(12.0 %) and performance status decrease (9.6 %). The most
common Grade 3/4 adverse events ob-served at any point during
treatment and suspected to be related to buparlisib were generally
typical of those experi-enced with PI3K inhibitors, namely
hyperglycemia, rash, and transaminase increases (Table 3). Onset
of Grade 3/4 hyper-glycemia typically occurred early on in
treatment, with 4 out of 7 patients experiencing an event within
the first cycle. In contrast, liver toxicities generally occurred
further into treatment, with 55 out of 81 events occurring after the
first treatment cycle.

The following Grade 3 psychiatric disorders suspected to be
related to study treatment were described: mood alteration in 2
patients (1 patient treated at 100 mg/day, and another treated at
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80 mp/day wio also cxperienced Grade 3 Testess-ness), and
anxiety and depression, which were experienced by 1 patient each
(both treated with buparlisib 100 mg/day). Only one of the
patients who experienced Grade 3 psychiatric events suspected to
be related to study treatment (Grade 3 anxiety) had started on the
study after the January 2010 amendment to exclude patients with
active (or a documented history of) major psychiatric disorders.
No Grade 4 psychiatric events suspected to be related to study
treatment were reported.

Thirty-six patients (43.4 %) experienced a serious adverse
event (SAE), regardless of causality. Among these patients, 11
experienced an SAE that was suspected to be related to study
treatment. The most frequent SAEs suspected to be treatment
related were hyperglycemia, reported in 3 patients, followed by
diarrhea and fatigue, each reported in 2 patients. Fifteen patients
experienced an adverse event suspected to be due to study drug
treatment, which led to treatment discontinuation. Thirteen on-
study deaths occurred, 4 during treatment (de-scribed above), and
9 following treatment discontinuation, but within 28 days of last
administration of study drug, which were due to discase
progression.

Clinical activity

Seventy-two patients were evaluable for response by investi-gator
review of target lesion radiologic assessments. As de-scribed
previously [15], one patient with triple-negative breast cancer and
KRAS mutation (exon 1, G12V [detected in an archival
specimen]) from the 100 mg/day cohort of the dose-escalation
phase had a confirmed partial response (PR), and an overall
exposure of 160 weeks. An additional three patients experienced
unconfirmed PRs (demonstrating a best percent-age reduction in
tumor size of at least 30 % in sum of longest diameters, without
subsequent confirmation of the response). One patient with
parotid gland ductal carcinoma (PIK3CA and KRAS wild-type,
PTEN expression normal) and lung and bone metastases that had
previously been treated with multiple antineoplastic therapies,
including cyclophosphamide and doxorubicin, demonstrated a 33
% reduction in the size of a neck nodule following 8 weeks of
treatment with 100 mg/day buparlisib. Another patient, who had
liver, lung and medias-tinal lymph node metastases arising from
epithelioid hemangiothelioma of the finger (PIK3CA and KRAS
wild-type, PTEN expression normal) demonstrated a 34 % reduc-
tion in a liver metastasis after 80 weeks of treatment (initially
with 150 mg/day buparlisib, but primarily at 100 mg/day),
demonstrating an overall stable disease for a total duration of



Table 3 Summary of adverse events (AEs) suspected to be related to study drug (>15 % of patients)

Preferred term 12.5 mg 25 mg 50 mg 80 mg 100 mg 150 mg TEC 100 mg All patients
N=1 N=2 N=5 N=11 N=55 N=4 N=5 N=83
All grade Grade 3/4 All grade Grade 3/4 All grade Grade 3/4 All grade Grade 3/4 All grade Grade 3/4 All grade Grade 3/4 All grade Grade 3/4 All grade Grade 3/4
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Total patients experiencing 1 (100) 0 2(100) 1(50.0) 4(80.0) 0 9(81.8) 3(27.3) 54(98.2) 25(45.5) 4(100) 3(75.0) 3(60.0) 1(20.0)0 77(92.8) 33(39.8)
AEs suspected to be related
to buparlisib
AEs suspected to be related to buparlisib occurring in 15 % of patients
Decreased Appetite 0 0 2(100) 0 0 0 4(364) 0 18(32.7) 0 1(250) 0 2(40.0) 0 27(32.5) 0
Diarrhea 0 0 0 0 0 0 2(182) 0 23 (41.8) 3(5.5) 1(250) 0 1(20.0) 0 27(32.5) 3(3.6)
Nausea 0 0 1(50.0) 0 1(20.0) 0 2(182) 0 18(32.7) 0 3(75.0) 0 2(40.0) 0 27(32.5) 0
Hyperglycemia 1(100) 0 0 0 1(20.0) 0 3(73) 109.1D) 18(32.7) 4(7.3) 3 (75.0) 2(50.0) 0 0 26 (31.3) 7(8.4)
Rash 0 0 1(50.0) 0 0 0 3(73) 109.1D) 18 (32.7) 4(7.3) 1(25.0) 1(25.00 1(20.00 0 24 (28.9) 6(7.2)
Fatigue 1(100) 0 0 0 1(20.0) 0 4(364) 0 13(23.6) 2(3.6) 0 0 1(20.0) 0 20(24.1) 2(2.4)
Stomatitis 0 0 0 0 0 0 4(364) 0 13(23.6) 0 0 0 2(40.0) 0 19(22.9) 0
Asthenia 0 0 0 0 1(20.0) 0 19.1) 0 13(23.6) 3(55) 0 0 0 0 15(18.1) 3(3.6)
Pruritus 0 0 0 0 0 0 19.1) 0 11(20.0) 2 (3.6) 1(25.0) 0 1(200) 0 14(16.9) 2(2.4)
Anxiety 0 0 0 0 0 0 19.1) 0 11(20.0) 1(1.8) 1250 0 0 0 13(15.7) 1(1.2)
Depression 0 0 0 0 0 0 0 0 12(21.8) 1(1.8) 0 0 1(200) 0 13(15.7) 1(1.2)

All AEs, with the exception of hyperglycemia, were defined according to NCI-CTCAE v3.0 criteria
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147 weeks. An unconfirmed PR was also noted in a patient with
ER-positive, HER2-negative breast cancer (PIK3CA mutation,
KRAS wild-type, PTEN expression normal), who was multiply
pretreated (four prior lines of chemotherapy), and yet
demonstrated 53 % and 14 % size reductions in multiple lung and
liver lesions, respectively, and a 28 % size reduction in a brain
metastasis lesion, with 100 mg/ day buparlisib.

Thirty three patients (39.8 %) had stable disease for at least 6
weeks (Fig. 1), corresponding with a disease control rate (DCR;
rate of complete response rate + PR rate+stable disease [SD] rate,
reported as best response) of 41.0 % (95 % CI: 31.8-50.6). PI3K
pathway activation (as defined by

Fig. 1 Radiologic response to ABreast Cancer
buparlisib with corresponding 120
tumor molecular status for

alterations in PIK3CA or PTEN) was not correlated with
improved disease control. Kaplan—Meier estimates were gen-
erated using a data cut-off date of September 22, 2011, at which
point three of the patients were still continuing on study
treatment. At the time of data cut-off, the 6-month progression-
free survival (PFS) rate among patients treated at the MTD was
19 % (95 % CI: 1, 37) among patients with PI3K pathway
activation (n=26), compared with 29 % (95 % CI: 7, 50) among
patients without PI3K pathway activation (n= 23). Among
patients treated at the MTD and above (n=59), the median PFS,
regardless of PI3K pathway activa-tion, was 57 days (95 % CI:
50, 106, n=59). Overall, tumor molecular status was not
predictive of response among

patients with breast cancer (a),
colorectal cancer (b), or cancers
from other primary sites (c). [HC
immunohistochemistry, PD
progressive disease, PR partial
response, SD stable disease, TEC
terminal elimination half-life
assessment cohort, UNK
unknown response. Patients with
a missing best percentage change
from baseline and unknown
response are not shown
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patients with breast cancer, colon cancer, or collectively among
patients with any other primary site of cancer; howev-er, the
small sample size and heterogeneous nature of the study
population as a whole makes it difficult to confirm these
observations.

18F—FDG-PET assessments

Changes in 'SF-FDG uptake (SUVmax) from baseline were
evaluable for 52 patients at Day 28 of Cycle 1, and 30 patients at
Day 28 of Cycle 2 (Fig. 2). At both time points, the majority of
patients at Day 28 of Cycles 1 and 2 (45 and 21 patients,
respectively) demonstrated decreases in '‘F-FDG uptake
demonstrating on-target inhibition of the PI3K pathway. The
median change in SUVmax was —23.24 % (range: —63.8 to 14.6)
among patients treated at the MTD, and —19.93 % (range: —63.8
to 29.1) overall at Day 28 of Cycle 1. Baseline changes in
SUVmax at Day 28 of Cycle 2 were generally lower, with a
median changes of —13.40 % (range: —60.9 to 40.0) observed in
patients treated at MTD, and —10.75 % (range: —60.9 to 40.0)
overall.
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Fig. 2 Percentage change from baseline in 18F—FDG uptake
(SUVmax) vs average dose of buparlisib received at Cycle 1 Day 28
(a) and Cycle 2 Day 28 (b). Shaded areas represents 95 % confidence
intervals based on linear regression analysis (dotted lines)
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Linear regression analysis suggested a relationship be-tween
the extent of '"*F-FDG uptake and the average dose of buparlisib
received (accounting for dose interruptions and dose reductions)
up until the point of measurement at Day 28 of Cycles 1 and 2
(Fig. 2). Despite observations of a dose-dependent effect, a clear
relationship between the presence of a partial metabolic response
at 1 month or the percentage change in SUVmax and PFS, best
response as per RECIST, or best percent change in CT scan (sum
of longest diameters), was not apparent. Partial metabolic
responses (defined as 225 % decrease from baseline in SUVmax
in the absence of new lesions) by central review were observed in
21 patients at Day 28 of Cycle 1, and in 9 patients at Day 28 of
Cycle 2.

Pharmacodynamic biomarker assessments
demonstrating PI3K pathway inhibition

Mean plasma concentrations of glucose metabolism markers,
such as C-peptide, increased as a function of the first dose of
buparlisib administered (Fig. 3). Median area under the plasma
glucose curve (AUC-4,) was relatively stable at all measure-
ment time points (21.53, 23.14, 23.84 mmol/Lehr, observed at
C1DI1, CIDS, and C1D28, respectively), whereas median ex-
posure to C-peptide and insulin demonstrated increases be-tween
CID1 and CIDS8, stabilizing thereafter (4.38, 7.45, and 7.46
nmol/Lehr, and 271.63, 740.41, 732.75 pmol/L¢hr, for the three
timepoints, respectively). Systemic exposure (AUC,-4,) for all
three plasma glucose metabolism markers increased with
increasing buparlisib exposure (AUC-4p).

Fifty four patients were evaluable for changes in pathway
phosphorylation in skin at baseline and at C2D1, with the
majority demonstrating a decrease in pS6 H-Score (see figure in
Online Resource 1). Inhibition of pS6 in skin increased
moderately with the mean administered dose of buparlisib over
the same time period (mean inhibition of =22, =29, and —40 %,
for 12.5—60 mg, >60—90 mg, and >90 mg mean dose ranges,
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respectively) suggesting a relationship between treatment dose
and the degree of PI3K pathway inhibition. A relationship
between S6 phosphorylation in skin and clinical response was not
identified; among the 23 patients who had skin biopsies showing
>50 % decrease in pS6, 12 had SD or PR (including unconfirmed
PR) as best overall response, whereas 11 had progressive disease.
Twenty-two of 31 patients who had <50 % decrease in skin pS6,
had SD or PR (including unconfirmed PR).

Pre- and post-treatment (C2D1) tumor biopsies were avail-
able for 10 patients, who were all treated at a dose of 100 mg/day
(see table in Online Resource 2). A reduction in pS6 (range: —33
% to —64 %) was observed in tumor tissue from 6 patients, 5 of
whom were also assessed for pAKT and p4EBP levels, with 3
patients demonstrating a decrease in either pAKT (range: —35 %
to =70 %) or p4EBPI (range: =10 to —35 %). One patient
demonstrated a decrease of >30 % in all 3 markers. Collectively,
these observations demonstrate that buparlisib is capable of
inhibiting the PI3K pathway in tumor tissue; however, a clear
association with clinical response was not evident in this small
number of samples. Reductions in Ki-67 (range: —16 % to —87
%) were observed in 6 of the tumor samples analyzed, suggesting
a possible impact on tumor cell proliferation. pS6 in skin
generally showed good concordance with pS6 in tumor biopsies,
with 7 out of 9 patients demonstrating <33 % difference between
the percent-age change in H-score measured in the two tissues
sampled.

Changes from baseline in the circulating markers of cell death,
M30 and M65, were evaluable in 38 patients treated at the MTD
at Cycle 1 Day 8, and in 30 and 29 patients at Cycle 1 Day 28,
respectively; 10 patients were evaluable for both markers at
Cycle 3 Day 1 (see table in Online Resource 3A). A slight trend
was observed by which both markers tended to show greater
increases from baseline as treatment progressed; however,
intrapatient variability was high.

Changes from baseline in circulating markers of angiogen-esis
(BFGF, PLGF, SVEGFRI1, SVEGFR2 and VEGF) were
evaluable at Cycle 1 Day 8, Cycle 1 Day 15, and Cycle 1 Day 28,
in 45, 31, and 34 patients treated at the MTD, respectively (see
table in Online Resource 3B). By Cycle 1 Day 28, for each of the
5 biomarkers analyzed, at least half of the samples evaluable
showed decreases from baseline measurements. However, as with
the assessment of M30 and M65, intrapatient variability was
high, and a statistical relationship between pre-and post-treatment
levels of these angiogenesis markers was not confirmed.

Discussion
This updated report provides further confirmation that buparlisib
is well tolerated and has an acceptable safety profile at the

estimated MTD of 100 mg/day. The most common

adverse events associated with buparlisib were generally typi-cal
of those experienced with PI3K inhibitors, namely hyper-
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glycemia, gastrointestinal complications, rash, and fatigue/
asthenia. Hyperglycemia is a known class effect of inhibitors of
the PI3K pathway, and arises through the perturbation of insulin
signaling, glucose transport and glycogen synthesis [20-22]. In
this study, hyperglycemia was among the most frequent adverse
events suspected to be related to treatment (reported in 31.3 % of
patients), and was primarily managed with oral antidiabetes
drugs, with insulin and dose interruptions when necessary.
Observations of hyperglycemia are indicative of PI3K pathway
inhibition in patients treated with buparlisib, and demonstrate a
potential C-peptide
pharmacodynamic of glu-cose

metabolites  such
The
metabolism biomarkers presented here further supports the
observation that buparlisib inhibits the PI3K pathway and
perturbs glucose metabolism; however, due to the heteroge-neous
patient population and the limited numbers of patients treated at

role for as as

biomarkers. analysis

dose levels other than the MTD, a clear relationship between
these biomarkers and the dose of buparlisib adminis-tered or the
degree of pathway inhibition, was not established. Further work
is ongoing to establish the utility of biomarkers such as C-
peptide, as indicators of PI3K inhibitor activity.

Among the clinical trials with PI3K inhibitors that have been
reported to date, buparlisib is the only agent found to be
associated with psychiatric adverse events [23—26]. Buparlisib
has been shown to cross the blood—brain barrier [27], and
dysfunctional PI3K signaling in the CNS has been implicated
with anxiety and altered serotonin levels [28—30]. In the present
study, Grade 3 psychological events (which include Grade 3
anxiety) suspected to be related to the study drug were
experienced by four patients (3 at 100 mg/day, and 1 at 80 mg/
day). A range of interventions were used to limit or manage
psychiatric events in this trial. This included excluding pa-tients
with major risk factors for psychological disorders, careful
patient monitoring and self-assessment questionnaires, and the
use of concomitant medications (e.g. benzodiazepine and
selective serotonin reuptake inhibitors), with dose inter-ruptions
where necessary. The amendment to exclude patients with active
or historical record of psychiatric disorders was implemented just
over a year into the trial.

The ability of buparlisib to cross the blood—brain barrier
presents the possibility of treating patients with brain metastases,
one of the main causes of cancer-related death [27]. In this study,
one patient with ER-positive/HER2-negative/PIK3CA-mutant
breast cancer demonstrated a 28 % reduction in the size of a brain
metastasis lesion. Buparlisib has also demonstrated anti-tumor
activity in mice with xenografts of human HER2-positive brain
metastases [27], and ongoing studies are investi-gating the
pharmacodynamic effects and efficacy of buparlisib in patients
with glioblastoma or brain metas-tases from HER2-positive
breast cancer (NCT01473901 and NCT01132664) [31, 32].
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The observations of reduced pAKT, p4EBPI, and pS6
expression in post-treatment tumor biopsies, demonstrate that
buparlisib is capable of inhibiting the PI3K pathway in tumor
tissue. Another pharmacodynamic biomarker, '*F-FDG-PET, has
previously demonstrated an ability to predict response to therapy
in early-phase trials with other targeted agents in advanced
cancers, such as advanced melanoma, metastatic breast cancer,
and non-small cell lung cancer [33—35]. In vitro experiments with
3D tumor spheroids, and in vivo experi-ments in a mouse model
of BRCA1-related breast cancer, suggest that '*F-FDG-PET may
have use as an early and predictive pharmacodynamic marker for
response to PI3K inhibitor-based treatments [36, 37]. In the
present study, buparlisib administration instigated partial
metabolic re-sponses in 21 of 54 of evaluable patients after 28
days of treatment; however, no association with PFS, best
response as per RECIST, or best percent change in CT scan was
identified.

The effect of PI3K inhibitors on glucose metabolism, the
small number of patients and responses observed, and the highly
heterogeneous range of patients and tumor types treat-ed in this
study may explain why '|F-FDG-PET was unable to predict
response to therapy in this study, despite demonstrat-ing
capability as a pharmacodynamic biomarker. Future stud-ies in
more homogeneous populations should continue to investigate
whether the pharmacodynamic information pro-vided by '“F-
FDG-PET can be interpreted as a predictive marker of response
to PI3K inhibitor therapy. Differences in therapeutic history,
tumor types, and molecular alterations may also explain the high
intrapatient variability observed in biomarkers of cell death and
angiogenesis following buparlisib treatment.

As with many early-phase studies with other PI3K inhib-itors
in advanced solid tumors, no association was identified between
the extent of tumor shrinkage or best overall response as per
investigator assessment, and the tumor molecular alter-ations
analyzed. This lack of association could be due to several factors,
such as the small sample size, the time lag between the archival
sample used for pathway analysis and the time of patient entry in
the trial, and the heterogeneous patient population, who possessed
a wide variety of different tumor types. It is also possible that
many of the patients who were defined as lacking PI3K pathway
activation according to the criteria used in this study (PIK3CA
mutation and/or re-duced or null PTEN expression) may actually
exhibit pathway activation driven by molecular alterations that
were not eval-uated in the present analysis. Such alterations
might include the amplification or activation of upstream RTKs,
the loss of tumor suppressors, such as INPP4B, or the activation
of other pathway oncogenes, such as PDK1 or AKT. In addition,
recent studies have shown that PIK3CA mutations often co-exist
with other molecular alterations, which may impact the re-sponse
to PI3K pathway inhibition [38, 39]. Therefore, it is possible that
the single-agent design of this trial may not be
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optimal to identify a relationship between tumor molecular status
and response. For a true assessment of the predictive value of
PIK3CA mutation, a prospective, sufficiently powered trial using
an inhibitor of the PI3K pathway in combination with another
pathway inhibitor (e.g. endocrine therapy, RTKs, or MEK
inhibitor) may be required.

Pan-class I PI3K inhibitors, such as buparlisib, are part of a
growing spectrum of agents that includes dual inhibitors of PI3K
and mTOR, and isoform-specific PI3K inhibitors. One of the
challenges associated with the clinical development of PI3K
inhibitors is to identify the optimal tumor types and treatment
contexts for each class of agent. BYL719 is a specific inhibitor of

the p110a isoform of the PI3K catalytic subunit, which has
recently been investigated in a first-in-man Phase I study in
patients with advanced solid tumors [40]. Preclinical
investigations with BYL719 have demonstrated a pattern of in
vitro sensitivity similar to that of buparlisib, with increased
activity observed in cell lines with PIK3CA alter-ations and
ERBB2 amplification, and decreased sensitivity in those with
PTEN and BRAF mutations [10, 41]. Patients enrolling in the
Phase I study of BYL719 were therefore required to have tumors
with alterations in PIK3CA. Prelim-inary efficacy was observed,
with three PRs reported in pa-tients with ER-positive breast
cancer, cervical cancer, and colon cancer, respectively [40]. It is
currently unclear whether isoform-specific inhibition will only
show activity in tumors with certain molecular aberrations (e.g.
PIK3CA mutation) and whether treatment with isoform-specific
inhibitors should be restricted to patients with those molecular
aberrations only. In tumors driven by PTEN alterations, PI3K

signaling has been shown to be dependent on p1108, as opposed
to pl10« [42, 43]. Pan-Class I inhibitors, such as buparlisib,

might therefore show greater benefit than pl110« inhibitors in
tumors associated with a broader range of molecular alterations,
in-cluding those with high frequencies of PTEN alteration. A
range of studies involving buparlisib are currently underway in
patients with alterations in the PI3K pathway, including PIK3CA
mutation, loss of PTEN expression, and EGFR over-expression,
amongst others. Data from these studies will help determine the
anti-tumor activity of buparlisib in patients with heterogenous
tumor mutations and guide future treatment strategies with this
agent.

Based on the results of this trial and other clinical studies with
pan-Class I PI3K inhibitors reported to date, it remains difficult
to determine whether there is a strong relationship between PI3K
pathway alterations and sensitivity to pan-Class I PI3K inhibitors
[44]. Future trials with buparlisib will continue to investigate the
relationship be-tween pathway alterations and clinical response in
trials with more homogenous patient populations. An ongoing
Phase II trial (NCT01297491) is investigating the efficacy of
buparlisib in patients with metastatic non-small cell lung cancer
with PI3K pathway activation. Two large Phase III studies
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(NCT01610284 and NCTO01633060) are
combination of buparlisib plus fulvestrant in hormone receptor-

investigating the

positive/HER2-negative breast cancer, both in pa-tients with
PI3K pathway activation (PIK3CA mutation or loss of PTEN
expression), and in the study population as a whole. PI3K
inhibitors could be effective combination partners for a variety of
[45], also being
investigated in combination with several antineoplastic agents

anticancer agents and so buparlisib is

(i.e. endocrine agents, other targeted therapies, and cytotoxic
chemotherapies) and with radiation therapy.
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AMPLIACION DE DATOS DE LA PRIMERA PARTE

3.2.3 Implementacion de un programa de preseleccion para identificar
alteraciones de PI3K que permitan reclutar pacientes para ensayos

clinicos de fase I con tumores con alteraciones de PI3K.

3.2.3.1 Métodos de analisis central y local, comparacion de diferentes estrategias de
preseleccién y reclutamiento.

Para comparar la viabilidad de reclutar pacientes con aberraciones de la via PI3K en ensayos de

fase I, analizamos las diferentes estrategias implementadas en los tres ensayos (A, By C).

Drug Class Study type Identificador de
ClinicalTrials.gov
Trial A BGT226 PI3K/mTOR inh First-in-human NCT00600275
Trial B BEZ235 PI3K/mTOR inh First-in-human NCT00620594
Trial C BKM120 panPI13K inh First-in-human NCT01068483

Tabla 3. Ensayos incluidos en el analisis combinado de diferentes estrategias de preseleccién

molecular y reclutamiento.

Los analisis centrales son aquellos que se realizaron en el laboratorio designado por el
promotor. Los analisis locales son aquellos que se llevaron a cabo en el Laboratorio de
Patologia Molecular del VHIO. En |a parte escalada de la dosis de los tres ensayos mencionados
anteriormente no se selecciond a los pacientes segun su perfil molecular. La disponibilidad de
bloques tumorales era, sin embargo, obligatoria, para facilitar un analisis retrospectivo central
al final del estudio. En cambio, en las cohortes de expansién con la dosis maxima tolerada
(MTD) de dos estudios (ensayos A y B) se preseleccionaron las muestras tumorales de los
posibles candidatos (ya sea en el laboratorio central o local) y solo se consideraron elegibles
aquellos pacientes cuyos tumores albergaran aberraciones en la via PI3K (mutacion de PIK3CA
y pérdida de PTEN). En el Ensayo A habia dos cohortes, una de tumores sélidos (inhibidor de

PI3K en monoterapia) y otra de cancer de mama HER2+ (inhibidor de PI3K afadido a
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trastuzumab). En el ensayo A se realizd un analisis central de muestras de 18 instituciones,
mientras que en el ensayo B se analizaron las de 3 hospitales. En nuestra institucidn (centro
VHIO), optamos por el reclutamiento de pacientes tras realizar los analisis moleculares en
nuestro laboratorio (analisis locales). En este caso, los pacientes firmaron un Unico formulario
de consentimiento informado aprobado por el Comité Etico de Vall d’Hebrén, para que se
realizara el analisis de su tumor. Comparamos el rendimiento de cada una de las estrategias en
cuanto al nimero de pacientes incluidos por centro en el mismo periodo (de diciembre de
2009 a noviembre de 2011) y la tasa de renuncia, entendida como el nimero de pacientes
elegibles de acuerdo con su perfil molecular que no recibieron tratamiento al no participar en

el estudio.

3.2.3.2 Resultados del analisis central frente al andlisis local, comparacién de
diferentes estrategias de preseleccion y reclutamiento.

En la tabla 4 se resume la estrategia implementada en la parte de escalada de dosis de los tres
ensayos de fase | (A, B y C), en las que se incluyeron pacientes independientemente de su
perfil molecular, pero con andlisis retrospectivo de las muestras de archivo. En estos ensayos
se incluyeron 233 pacientes y se recogieron 196 bloques tumorales para realizar el analisis
central de su perfil molecular. De todos los pacientes incluidos, solo se evaluaron con éxito las
mutaciones de PIK3CA y PTEN y los niveles de expresion de la proteina PTEN en 182 pacientes
(78.1%). Se observaron mutaciones de PIK3CA en 20 muestras (9 de mama, 5 colorrectales, 3
endometriales, 1 colangiocarcinoma, 1 prostatico, 1 de origen desconocido), y mutaciones de
PTEN en 22 muestras (7 de mama, 5 endometriales, 3 pulmonares, 2 prostatico, 1 cervical, 1
adenoide quistico, 1 de tiroides, 1 sindrome de Cowden, 1 de origen desconocido), lo que
representa el 10,9% vy el 12,3% de los pacientes incluidos, respectivamente. Las aberraciones
de PI3K, entendidas como cualquier mutacidon de PIK3CA o PTEN o niveles bajos de expresion

de PTEN fueron las mas frecuentes (43.4% de las muestras).
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Se utilizaron dos estrategias diferentes para la preseleccion de pacientes: central (andlisis ad
hoc de los posibles candidatos) o locales (andlisis en las primeras fases de la enfermedad). Para
investigar el resultado del andlisis central recopilamos los resultados del periodo de inclusion
en las cohortes de expansion en los MTD de los ensayos Ay B (véase Tabla 5). Un 39,1% de los
596 pacientes preseleccionados presentaba al menos una aberracién de PI3K, y por lo tanto
fueron considerados elegibles, segln los resultados proporcionados por el laboratorio central
del promotor. Sin embargo, solo 52 de los 233 pacientes elegibles (22,3%) fueron finalmente
incluidos y tratados en alguno de los 21 centros. Solo una pequefia proporcién de los pacientes
(6.8%) no cumplia los criterios de inclusidn/exclusion, y la tasa de renuncia (sujetos elegibles
gue no firmaron el consentimiento informado y no reciben tratamiento) fue del 77,7%. En el
VHIO aplicamos una estrategia diferente, que consistia en el andlisis precoz, local, con
plataformas multiplexadas de pacientes con enfermedad avanzada. Esta estrategia se empled
para delinear las aberraciones susceptibles de tratamiento que pudieran ser utilizadas como
dianas terapéuticas en el futuro. Entre estas aberraciones se encuentran las mutaciones de
PIK3CA y la pérdida de PTEN para los ensayos con inhibidore de PI3K (llamada "Iniciativa del
VHIO"). Como se muestra en la Tabla 5, un 44.8% de los 573 pacientes preseleccionados
presentaba al menos una aberracidon de PI3K, y por lo tanto fueron considerados elegibles,
segln los resultados proporcionados por el laboratorio local. Durante el mismo periodo de
tiempo, nuestro centro recluté 80 pacientes para los ensayos con inhibidores de PI3K,
concretamente en la cohorte de MTD del Ensayo B, reclutamos 29 pacientes, mientras que los

otros tres centros que emplearon la preseleccidn central solo reclutaron nueve pacientes.
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TRIALA TRIALB TRIALC Pooled analysis
N % N % N % N %

Patients enrolled " 136 100,0% = 40  100,0% 57  100,0% = 233  100,0%
Samples available " 116 853% = 36 90,0% 44 772% 196  84,1%
Enough tumor tissue for analysis  108/136  79.4% 36/40 90,0% 38/57 66,6% 182 78,1%
PIK3CA mutation 12/108  11.1% ' 3/36 83% | 5/38  13,1% 20 10,9%
PTEN mutation 15/104  14,4% ' 5/36  13,9% = 2/38 5,2% 2 12,3%
PTEN low 29/103  281%  9/36  250% = 7/38  18,4% 45 25,4%
Any PI3K aberration 49/108 45.4% 17/36 47,2% 13/38 34,2% 79 43,4%

DE: dose escalation cohort

Tabla 4. Evaluacién combinada y desglosada del analisis retrospectivo de los Ensayos A, By C,

en los que los pacientes no fueron preseleccionados segun su perfil molecular.

Central Analysis VHIO Initiative
(18 sites) (3 sites) (21 sites) (1site)
TRIALA (MTD of TRIALA (PI3Ki . .
December 2009 to November 2011 . TRIAL B MTD Pooled analysis Pooled analysis
PI3Ki) plus trastuzumab)
N % N % N % N % N %
Patients pre-screened 313 100,0% 181 100,0% 102 100,0% 596 100,0% 573 100,0%
Eligible patients (PI3K aberration) 133 42,5% 67 37,0% 33 32,4% 233 39,1% 257 44,8%
Signed main ICF but failed screening 2 1,5% 3 4,5% 3 9,1% 8 6,8% 11 4,3%
Enrolled 17 12,8% 26 38,8% 9 27,3% 52 22,3% 80* 31.1%*

Attrition (eligible but did not sign main ICF) 14 85,7% 338 56,7% 21 63,6% 181 77,7% NA** NA**

MTD: maximum tolerated dose, expansion
cohort; NA: not available

*4in the TRIAL A Monotherapy at MTD and
Pi3Ki with trastuzumab cohorts, 29 in the
TRIAL B MTD cohort and the remainingin
other trials with PI3Kpi.

**Patients continue to be followed and some
are still eligible for future trials

Tabla 5. Evaluacidon combinada y desglosada de los programas de preseleccién central y local

(Iniciativa del VHIO) para las cohortes de expansion en los Ensayos Ay B.

3.2.3.3 Métodos para el analisis combinado de la eficacia de los inhibidores de la via
PI3K en tumores con aberraciones de PI3K.

Se considerd elegibles para el analisis a aquello pacientes con confirmacidn patolégica de
cancer metastdsico refractario con aberraciones de la via PI3K que recibieron Inhibidores de
PI3K como agente Unico en los ensayos clinicos de fase | en la Unidad de Investigacidon de

Terapias Moleculares Oncoldgicas del VHIO entre enero de 2009 y mayo de 2012. Los agentes

67



eran pan-inhibidores de PI3K (n=1), PI3K-mTOR (n=3) o inhibidores selectivos de PI3K alfa (n=2)

(tabla 6).
Farmaco Clase Tipo ensayo Identificador ClinicalTrials.gov
BEZ235 PI3K/mTOR inh First-in-human NCT00620594
XL765 PI3K/mTOR inh First-in-human NCT00485719
PKI587 PI3K/mTOR inh First-in-human NCT00940498
BKM120 panPI3K inh First-in-human NCT01068483
XL147 panPI3K inh First-in-human NCT00486135
BYL719 selective PI3Ka inh First-in-human NCT01219699
MLN1117 selective PI3Ka inh First-in-human NCT01449370

Tabla 6. Ensayos incluidos en el analisis combinado de la eficacia de los inhibidores de la via

P13K en tumores con aberraciones de PI3K.

Ademas, solo se emplearon los datos obtenidos de pacientes tratados con dosis 2/3 por
encima de la dosis maxima tolerada (MTD) de cada agente, excluyendo asi a los que hubieran
recibido una dosis insuficiente. Los pacientes fueron incluidos en los ensayos de fase |
aplicando criterios clinicos y logisticos como los criterios de elegibilidad y disponibilidad de
vacantes. Se obtuvo consentimiento informado al inicio de todos los estudios, que se llevaron

a cabo de conformidad con las directrices del Comité de Etica.

Se considerd que la muestra tumoral presentaba una aberracién de la via PI3K si tenia una
mutacion de PIK3CA (determinada mediante la secuenciacion de Sanger, la prueba de
mutacion de PI3K DxS o el genotipado mediante MassARRAY multiplexado), una baja expresion
de PTEN (IHQ con una puntuacion H <50), o ambas. La amplificacién de PIK3CA vy las
mutaciones de PTEN no se determinaron en el laboratorio local, por lo que no fueron incluidas
en este analisis. Se considerd que habia una aberracién de la via MAPK cuando el tumor
presentaba una mutacién de KRAS o BRAF (determinada mediante secuenciacion de Sanger, la
prueba de mutacion de KRAS TheraScreen, la prueba de mutacidn de BRAFV600 Cobas 4800 o
genotipado MassARRAY multiplexado). Aquellos tumores en los que no se analizé el estado de

mutacion de KRAS y BRAF fueron clasificados como estado MAPK desconocido.
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La formulacidon de la base de datos de los pacientes y la recopilacion de datos para este estudio
se realizaron de forma retrospectiva. Antes de iniciar el reclutamiento de pacientes para
realizar un ensayo de fase | con Inhibidores de PI3K se revisaron las historias clinicas para
comprobar las caracteristicas demograficas y clinicas de la poblacién; asi mismo, se registro la
actividad antitumoral (disminucién maxima del tumor) y el tiempo transcurrido hasta el
fracaso del tratamiento (time to treatment failue, TTF2) con el agente experimental, asi como
con la terapia sistémica inmediatamente anterior (TTF1). Se continud con el tratamiento
administrado en los estudios de fase | seglin cada protocolo hasta producirse progresion de la
enfermedad, fallecimiento o toxicidad inaceptable. La eficacia del tratamiento se evalud
regularmente mediante TAC al inicio del estudio y cada dos ciclos (6-8 semanas) segun el
protocolo de cada uno de los estudios de fase |. De acuerdo con los criterios de evaluacién de
respuesta en tumores solidos (RECIST) v1.0 o 1.1 (dependiendo de cada protocolo), las
respuestas tumorales se clasificaron como respuesta completa (RC), respuesta parcial (RP),
enfermedad estable (ES), o progresion de enfermedad (PE). El tiempo hasta el fracaso del
tratamiento (TTF) se definié como el intervalo de tiempo transcurrido desde el inicio de la
terapia hasta su interrupcion por cualquier razén, ya sea por progresion de la enfermedad,
toxicidad del tratamiento o fallecimiento, lo que ocurra en primer lugar. Se consideré que la
terapia con Inhibidores de PI3K habia sido beneficiosa para los pacientes cuando se observaba
respuesta del tumor al agente (RC o RP) o cuando la enfermedad se mostraba estable durante
una periodo prolongado de tiempo (TTF>16 semanas, esto es, >2 revisiones radioldgicas
aplicando los criterios RECIST. Como analisis secundario, calculamos la relacidn entre el TTF en
el ensayo de fase | (TTF2) y el TTF en el tratamiento anterior (TTF1), y cuando esta relacién era
21,3, se consideraba que la terapia dirigida combinada con Inhibidores de PI3K habia sido
eficaz (un aumento de > 30% en el TTF con respecto al tratamiento anterior). Todos los analisis

estadisticos se realizaron empleando el programa SPSS v 12.0 (SPSS, Chicago, IL).
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3.2.3.4 Resultados de eficacia de los inhibidores de la via PI3K en tumores con
aberraciones de PI3K

Entre enero de 2009 y mayo de 2012 se incluyeron un total de 88 pacientes con tumores con
aberraciones de PI3K en seis ensayos clinicos de fase | diferentes con Inhibidores de PI3K en
monoterapia realizados en el VHIO. En la tabla 7 se muestran las caracteristicas demograficas y
clinicas de los pacientes. En la Tabla 8 se detallan los perfiles moleculares de los tumores de los
pacientes. En total, 31 presentaban mutaciones de PIK3CA (ocho de ellas con pérdida
simultanea de PTEN) y 57 fueron incluidos por la pérdida de expresién de PTEN. Se evalué el
estado de MAPK en 53 pacientes (60,2%) y 19 (35,9%) presentaban mutaciones activadores de

KRAS o BRAF.

En la Tabla 9 y la Figura 7 se resumen las respuestas y beneficios clinicos registrados en
nuestra base de datos. Se observaron respuestas parciales en seis pacientes (6,8%; 2 con
cancer de mama, 1 cancer de ovario, 1 cancer cervical, 1 cancer de eséfago y 1 cancer
colorrectal, todos con mutaciones de PIK3CA). La enfermedad se mostrd estable durante mas
de 16 semanas en otros 14 pacientes (15,9%). También se observd una respuesta minor del
tumor (una reduccion de entre el 10 y el 29% en las lesiones diana) en otros cinco pacientes
(cuatro de ellos mostré enfermedad estable durante mas de 16 semanas). Las medianas de TTF
en los pacientes que recibieron Inhibidores de PI3K en monoterapia fueron similares en
pacientes con respuesta parcial y estable, esto es, >16 semanas (254 y 226 dias,
respectivamente). Se tuvo que interrumpir el tratamiento en nueve pacientes debido a la

toxicidad (10,2%).

En total, el tratamiento con un agente de Inhibidores de PI3K combinado fue beneficioso para
20 pacientes (22,7%). Tal como se muestras en la Tabla 9, el analisis por tipos de tumores
indica que el beneficio clinico fue superior en las pacientes con tumores ginecoldgicos (50%) y
de mama (26,3%) en comparacidn con el cancer colorrectal (11,9%). Aquellos pacientes que

recibieron inhibidores especificos de PI3Ko. parecieron obtener un mayor beneficio clinico
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(46,7%), frente a los pacientes que recibieron pan-inhibidores de PI3K o PI3K-mTOR (17,8%).
Dado que los estudios con inhibidores selectivos de isoformas solo incluian tumores con
PIK3CA mutado, se realizé un andlisis exploratorio centrado Unicamente en aquellos pacientes
con PIK3CA mutado. Dicho andlisis mostrd que no habia diferencias estadisticamente
significativas entre el beneficio aportado por los inhibidores de PI3Ka y los pan-inhibidores de
PI3K o PI3K-mTOR (tasa de beneficio clinico: 46.7% frente al 31.3%, respectivamente; p=0,6)
aunque se percibe una tendencia. Tanto los tumores con mutaciones en el dominio quinasa
como en el helicoidal respondieron a estos agentes aunque se denotaba una tendencia a favor
de los primeros (50% frente al 21,4% en los exones 9 y 20 respectivamente, p=0. 1). El analisis
por subgrupos segun el perfil molecular sugiere que los pacientes incluidos en los ensayos de
fase | con baja expresion de PTEN (incluyendo la ausencia de PTEN) mostraron un menor
beneficio clinico (14%) que los pacientes con PIK3CA mutado (38,7%) tratados con Inhibidores
de PI3K (p=0. 008). El beneficio clinico no se vio afectado por la presencia de mutaciones de la
via MAPK concomitante (21,1% frente al 26,5% en pacientes con aberraciones de PI3K con o

sin mutaciones de KRAS/BRAF respectivamente, p=0,66). .

Se observé un indice de TTF2/1 21,3 en el 25% de los pacientes que recibieron Inhibidores de
PI3K con respecto a la anterior terapia. De los 19 pacientes que obtuvieron beneficio clinico de
Inhibidores de PI3K (RP o ES > 16 semanas) y que habian recibido previamente al menos una
terapia, 14 (73,7%) mostraron un indice de TTF2/1 >1,3. De los 65 pacientes con un indice de
TTF2/1 <1,3, 60 (92,3%) no mostraron beneficio clinico cuando recibieron Inhibidores de PI3K

(RP o ES < 16 semanas como mejor respuesta).
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Demographics N %

Age median (range) 59 (28-79)
Sex
Male a4 50.0%
Female 44 50.0%
Tumor type
Colorectal 42 47.7%
Breast 19 21.6%
Ovary 6 6.8%
Bilio-pancreatic 4 4.5%
Cervix 3 3.4%
Endometrial 3 3.4%
Lung 3 3.4%
Esophageal 2 2.3%
Glioblastoma 2 2.3%
Salivary gland 2 2.3%
Germinal testicular 1 1.1%
Prostate 1 1.1%
Treatment lines - median (range) 3(0-12)
0-2 27 30.7%
>2 61 69.3%
Class of agent
PI3K/mTOR 40 45.5%
pan-PI3K 33 37.5%
PI3K alpha 15 17.0%
Molecular profiling
Primary tumor 65 73.9%
Metastatic site 23 26.1%

Tabla 7. Caracteristicas demograficas y clinicas de 88 pacientes incluidos en los ensayos con

Inhibidores de PI3K en el VHIO entre enero de 2009 y mayo de 2012.
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Molecular profiling N % - from assessed
PIK3CA status

wild-type 30 49.2%
HO147R 14 22.9%
E545K 10 16.4%
E542K 4 6.5%
Q546K 2 3.3%
R88Q 1 1.6%
not assessed 27
PTEN status
normal 23 26.1%
low (null) 65 (26) 73.9% (29.5%)
MAPK status
KRAS/ BRAF wild type 34 64.1%
KRAS mutation 18 34.0%
BRAF mutation 1 1.9%
not assessed 35
PIK3CA +PTEN status
PIK3CA mutation + PTEN normal 23 26.1%
PIK3CA wild-type + PTEN low 57 64.9%
PIK3CA mutation + PTEN low 8 9.0%
PI3Kp aberration + RAS/RAF status
PIK3CA mutation + RAS/RAF wild-type 12 13.6%
PTEN low + RAS/RAF wild-type 22 25.0%
PIK3CA mutation + RAS/RAF mutation 7 8.0%
PTEN low + RAS/RAF mutation 12 13.6%
PI3Kp aberration + RAS/RAF unknown 35 39.8%

Tabla 8. Perfil molecular de los pacientes incluidos en los ensayos de fase | con Inhibidores de

P13K combinado en el VHIO.
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Response N % Median TTF (range)
All patients 88 100.0% 56 (3-789)
PR 6 6.8% 254 (134-322)
SD 33 37.5% 111 (42-789)
SD > 120 days (10-29% tumor shrinkage) 14 (5) 15.9% (5.7%) 226 (132 - 789)
SD <120days 19 21.6% 55 (6-113)
PD 44 50.0% 49 (6-77)
Not assessed 5 5.7%

Clinical benefit (PR or SD > 120 days)

N (assessed)

% - from assessed

Overall 20(88) 22.7%
Tumor type
Colorectal 5(42) 11.9%
Breast 5(19) 26.3%
Gynecological 6(12) 50.0%
Lung 1(3) 33.3%
Other 3(12) 25.0%
Agent
PI3K/mTOR (overall) 7 (40) 17.5%
PI3K/mTOR (in PIK3CA mutant only) 2(5) 40.0%
pan-PI13K (overall) 6(33) 18.2%
pan-PI13K (in PIK3CA mutant only) 3(11) 27.3%
PI3K alpha (in PIK3CA mutant only) 7(15) 46.7%
Molecular profiling
PIK3CA mutation overall 12(31) 38.7%
PIK3CA mutation exon 9 8(16) 50.0%
PIK3CA mutation exon 20 3(14) 21.4%
PTEN low 12 (65) 18.5%
PTEN null 3(26) 11.5%
PIK3CA mutation + PTEN normal 8(23) 34.8%
PIK3CA wild-type + PTEN low 8(57) 14.0%
PIK3CA mutation + PTEN low 4(8) 50.0%
PIK3CA mutation + RAS/RAF wild-type 5(12) 41.7%
PIK3CA mutation + RAS/RAF mutation 3(7) 42.9%
PTEN low + RAS/RAF wild-type 4(22) 18.2%
PTEN low + RAS/RAF mutation 1(12) 8.3%
PI3Kp aberration + RAS/RAF unknown 7(35) 20.0%
TTF PI3Kpi/TTF prior line > 1.3 22 (87) 25.0%
Colorectal 10(42) 23.8%
Breast 4(19) 21.1%
Gynecological 6(12) 50.0%
Lung 2(3) 66.7%
Other 0(11) 0%
TTF PI3Kpi/TTF prior line < 1.3 65 (87) 73.9%

Tabla 9. Respuesta y beneficio clinico de los pacientes incluidos en los ensayos de fase | con

Inhibidores de PI3K combinado en el VHIO.
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Figura 7. Grafico en cascada de mejor respuesta en 80 pacientes con lesiones cuantificables a

los que se administrd Inhibidores de PI3K combinado en ensayos de fase | en el VHIO.
Flecha: pacientes con muestras en progresion.

CRC, cancer colorrectal; GBM, glioblastoma; NE, No especificado;

3.2.3.5 Métodos para el andlisis de muestras de pacientes tras mostrar respuesta y

desarrollar resistencia secundaria a los inhibidores de PI3K por secuenciacion del
exon diana

Se tomaron muestras de las lesiones metastdsicas al producirse progresion tras tratamiento
con Inhibidores de PI3K de dos pacientes con tumores con mutaciones de PIK3CA que
inicialmente respondieron a tratamiento. Para evaluar la utilidad de la secuenciacién profunda

dirigida, analizamos los exones de codificacidn de unos 200 genes incluidos en el panel
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IMPACT de estas muestras. Empleamos ADN de muestras fijadas en formol e incluidas en
parafina de esos dos pacientes que respondieron a tratamiento (pacientes A y B), siguiendo el
procedimiento descrito por Won HH y col(91). Se analizaron y compararon las frecuencias
alélicas de las aberraciones en todas las muestras para verificar la presencia de multiples
subclones. Elaboramos arboles filogenéticos de estos tumores, siguiendo el procedimiento
descrito por Gerlinger y col(92). Se realiz6 inmunofluorescencia de B—catenina siguiendo el

procedimiento descrito por Tenbaum SP y col(93).

3.2.3.6 Resultados de la secuenciacién profunda de tumores de dos pacientes que tras
responder a tratamiento, experimentaron progresion

La paciente n23 (Figura 7) era una mujer con cancer de mama ER+ PR+ HER2- (cancer de mama
luminal) con metdastasis hepatica, pulmonar y cerebral (irradiada) tratada anteriormente con
cuatro lineas de quimioterapia y tres terapias hormonales. En el andlisis de preseleccién con
MassARRAY se observd una mutacion de PIK3CA (E545K), por lo que se le ofrecid participar en
el ensayo de fase | con Buparlisib. La enfermedad mostré respuesta parcial (40%) tras cuatro
meses de terapia, aunque, desafortunadamente, finalmente la enfermedad hepadtica progresé
con rapidez (aunque la metdstasis pulmonar permanecié controlada) y la paciente fallecio
debido a una disfuncién hepdtica. Se obtuvieron consentimientos escritos para el analisis
mediante secuenciacion de exones en el tumor primario y en tejido normal y para la
realizacion de una autopsia (metastasis cerebral, pulmonar y hepdtica). Los resultados
desvelaron un tumor complejo multiclonal (Figura 8A). Comparandolo con el tumor primario,
los clones del tumor en la métastasis hepatica presentaban una importante pérdida en el
cromosoma 17, incluyendo el NF1 completo y la adquisicion subclonal de mutaciones de NF1
(E1458Q-D1473N y D1485N(10, 94)), lo que sugiere un escape de la inhibicion de PI3K

mediante la activacion de la via Ras/mTORC1(95, 96)(véase Figura 8B).
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Figura 8A
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Figura 8

A. Diagrama de clonalidad de muestras de la paciente n23 (cancer de mama luminal). En el tumor
primario se observaron varias mutaciones fundadoras en los genes PIK3CA, NOTCH1, MAP3K1,
PTPRS y GATA3 en el tronco del arbol filogenético, y se detectaron algunas mutaciones menores
en MLL3 y SMAD4. Varias regiones cromosdmicas estaban amplificadas en el tumor primario y se
mantenian en la metdstasis, incluida la isoforma gamma de PI3K2 de clase Il (PIK3C2G)

(cromosoma 12p12), entre otras. Se identificd una mutacién de CREBBP-D969N en las dos
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lesiones metastasicas (higado y pulmdn) mientras que WNK1-S1525N, NF1-E1458Q-D1473N vy
NF1-D1485N solo se encontraron en una de las tres muestras de metdastasis hepdtica en
progresion, no estando presente en la metdstasis pulmonar, que respondié a tratamiento. Asi
mismo, en las muestras de metdstasis hepatica se identificé una pérdida importante en el

cromosoma 17, incluido el gen NF1.

B. Alteraciones en el nUmero de copias en la paciente n24, tumor primario

La paciente n94 (Figura 7) era una mujer de 65 afios con carcinoma cervical de células escamosas
con ganglios linfaticos, refractaria tras radioterapia con cisplatino y carboplatino/paclitaxel. El
analisis molecular mediante MassARRAY revelé una mutacion de PIK3CA (E545K), por lo que se le
ofrecié participar en un ensayo clinico con un inhibidor especifico de PI3Ka (Alpelisib). La
enfermedad mostro respuesta parcial (37%) tras cuatro meses de tratamiento. Tras progresion, la
paciente decidié someterse a cirugia pélvica de rescate en la que se pudieron obtener muestras
de dos areas linfaticas, algunas con enfermedad en progresion (zona del obturador) y otras
estables (zona iliaca). Los ganglios linfaticos del obturador (con progresiéon en tratamiento)
presentaban una mutacién de RNF43-G130V, lo que sugiere un escape a través de la activacion de

la via WNT(93) (véase Figura 9A-D).

Figura 9A
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Figura 9B
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Figura 9D

I. RNF43mutations in all tumaor types
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Figura 9

Diagrama de clonalidad de muestras de la paciente n24 (cancer cervical escamoso). Las
mutaciones de ROS1, MET y MLL2 estaban altamente expresadas en el tumor primario,
mientras que PIK3CA, ARHGAP26, y MLL3 representaban un clon menor. La mutacién de
RNFA43 apenas estaba expresada. Parece que las lesiones metastdsicas procedian del subclon
con el clon mayor ROS1/MET/MLL2 y haber experimentado una duplicacion del alelo
mutante de ROS1. El clon que expresaba RNF43-G130V estaba presente en los ganglios con
enfermedad progresiva, en la zona del obturador. Leyenda: PanPI3Ki: pan-inhibidor de PI3K;

PI3Ka: inhibidor especifico de PI3K alfa.

Alteraciones en el nimero de copias en la paciente n25, tumor primario frente a lesiones

metastasicas
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C. PB—catenina por inmunofluorescencia en metdstasis de la cadena ganglionar iliaca (M1) y
enfermedad progresiva en los ganglios linfaticos del obturador (M2 con mutacién de RNF43),

mostrando expresidn citoplasmatica de f—catenina (flecha)

D. Alteraciones moleculares en RNF43 en pacientes del TCGA descritas en cBioPortal for Cancer
Genomics. a) Localizacion de mutaciones en las mutaciones de RNF43 en todos los tipos de
tumor. Nunca antes se habian observado en esos pacientes mutaciones de RNF G130V. b)
Frecuencia y tipos de tumores donde se han descrito mutaciones de RNF43. El cancer
colorrectal y endometrial, donde la via de sefializacién WNT suele estar frecuentemente
alterada, son los tipos de tumores donde con mayor frecuencia se encuentran mutaciones de
RNF43. c) Alteraciones en los componentes de la via WNT en pacientes con cancer cervical.

TCGA: The Cancer Genome Atlas
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3.4 Resultados y discusion

3.4.1 Seguridad de los pan-inhibidores de P13K, Buparlisib y Pilaralisib.

En general, el perfil de los inhibidores de PI3K con respecto a los efectos secundarios resulta
aceptable, sin efectos téxicos inesperados, tal como hemos observado en nuestros ensayos
con Buparlisib y Pilaralisib. En términos generales, los efectos téxicos fueron de leves a
moderados y tratables con medicacidon. Entre los efectos téxicos limitantes de dosis
relacionados con Pilaralisib y Buparlisib se encuentran la hiperglucemia, maculopapulas,

intolerancia gastrointestinal (anorexia, nduseas, vémitos, dispepsia, diarrea) y estomatitis.

Aungue algunos de estos efectos toxicos son inespecificos (off-target) otros podrian estar
relacionados con los efectos producidos sobre la diana y estar directamente relacionados con
el mecanismo de accidn. El tratamiento combinado de Pilaralisib y Buparlisib causo
hiperglucemia, que fue tratada con medicacidn oral antiglucémica vy, por lo general, respondié
a tratamiento concomitante. En la mayoria de los pacientes se pudo retomar el tratamiento
con el inhibidor de PI3K, reduciendo la dosis cuando se producia una hiperglucemia. La
hiperglucemia es una toxicidad especifica de los inhibidores de PI3K(39). Dado que PI3K es un
componente clave en la via de sefalizacidn de la insulina, la inhibicién de dicha sefalizacién
causa resistencia a la insulina y los niveles de glucosa en sangre aumentan(55, 97, 98). Algunos
efectos tdxicos especificos del mecanismo de accidn se podrian incluso utilizar como
biomarcadores farmacodindmicos o en la toma de decisiones clinicas como, por ejemplo, a la
hora de ajustar la dosis: con inhibidores de EGFR se ha usado el rash como marcador,
aumentando progresivamente la dosis en aquellos casos en los que no se produzcan efectos
secundarios hasta personalizar la dosis(99). De hecho, en el caso de algunos inhibidores de
PI3K, la ausencia de hiperglucemia ha sido sefialada por algunos como una sefial de inhibicion
insuficiente de la via, una razon para la interrupcién del desarrollo clinico(100). Sin embargo,

una limitacion a la hora de emplear la hiperglucemia como biomarcador farmacodinamico es
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que se produce una liberacion compensatoria de insulina (y de C-péptido) y que otros factores,

como la dieta, también pueden influir en los niveles de glucosa.

Con frecuencia, se han observado erupciones cutdneas asociadas al uso de inhibidores de
Pilaralisib y Buparlisib. La toxicidad cutdanea fue frecuente en los pacientes a los que se
administraron estos farmacos. La erupciéon observada en los pacientes tratados con ambos
inhibidores era eritematosa, sin ampollas, maculopapilar y no acneiforme, a diferencia de las
erupciones causadas por lo agentes anti-EGFR(59, 101, 102). Curiosamente, se han observado
erupciones similares -y también diarrea- en pacientes tratados con otros inhibidores de la
quinasa como sunitinib(103). Normalmente, las erupciones aparecian al principio del
tratamiento y estaba relacionada con la dosis. A los pacientes con erupciones se les traté con

antihistaminicos o corticosteroides y rara vez hubo que interrumpir o reducir la dosis.

Por otro lado, algunos de los efectos téxicos esperados que se suelen asociar con los rapalogos
(inhibidores de mTOR, inhibiendo por lo tanto la via de PI3K downstream), como la
hiperlipidemia, la neumonitis y la mucositis, no se observaron al administrar Pilaralisib y

Buparlisib.

3.4.2 Biomarcadores de sefializaciéon celular

Se evaluaron los efectos farmacodinamicos de los inhibidores de PI3K sobre multiples nodos
de la via PI3K en tejido vicario (surrogate tissue) como piel (Buparlisib y Pilaralisib) y cabello
(Pilaralisib), asi como especimenes de biopsias de tumores (Pilaralisib y Buparlisib). Por el
contrario, el cabello humano parece dar mejores resultados que la piel (véase la Figura 1 del
segundo manuscrito), pudiendo permitir la toma secuencial de muestras para analizar
posteriormente la relacion dosis/efecto antitumoral y respuesta/duracion del efecto(104, 105).
Al analizar los biomarcadores en nuestros dos estudios, observamos un descenso dependiente

de la dosis de entre el 30% y el 90% en marcadores como pAKT*"?, pAKT™% pPRAS40™*,
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p4EBP1™ y pS62*%524 3| usar los diferentes compuestos a la maxima dosis tolerada (MTD), lo

que es indicativo de modulacién de la diana molecular.

Para investigar el alcance de la inhibicién de PI3K con Pilaralisib se analizaron tejidos vicarios
(surrogate tissue) derivados de la sangre como lisados o plasma rico en plaquetas. Estos
podrian ser utiles, ya que facilitan la evaluacion de las relaciones dosis-tiempo mediante la
toma secuencial de muestras (datos no mostrados). No obstante, aun restan dificultades
técnicas y cientificas que podrian limitar la utilidad de estos métodos; por ejemplo, las
concentraciones de farmaco deben ser superiores en sangre que en tejido, por lo que su
correlacién con los efectos antitumorales no estd clara. Por el contrario, el cabello humano
parece dar mejores resultados que la piel, pudiendo permitir la toma secuencial de muestras
para analizar posteriormente la relacion dosis/efecto antitumoral y respuesta/duracion del

efecto(104, 105).

3.4.3 Biomarcadores de efecto metabolico

Partiendo del papel de la via de sefalizacion de PI3K en el metabolismo fisiolégico de la
glucosa, asi como de las observaciones de Warburg de que las células tumorales presentan un
mayor consumo de glucosa, en estos estudios incluimos biomarcadores del efecto metabdlico
(98, 106). De este modo, se ha intentado evaluar la relacién dosis-respuesta midiendo en
ayunas la glucosa, los niveles de insulina y C-péptido en plasma (Pilaralisib y Buparlisib) y la

captacion de glucosa mediante "®F-FDG -PET (Buparlisib).

La medicion de insulina y C-péptido en plasma sirvieron como marcadores indirectos para
demostrar la inhibicidon de PI3K independiente de la dosis, un efecto que se observd tras solo
unos pocos dias de tratamiento. Los datos obtenidos en nuestros estudios demuestran que
medir el péptido Cy la insulina puede ser util para identificar una dosis biolégicamente activa

al comparar diferentes niveles de dosis.
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La captacion de ®F-FDG disminuyé en la mayoria de los pacientes, y el anélisis de regresion
lineal indicé que existia una relacion entre el nivel de captacion de ®F-FDG y la dosis media de
Buparlisib recibida. Aunque estas observaciones demuestras la inhibicién especifica de la via
PI3K, no parecié existir una relacién evidente entre la presencia de una respuesta metabdlica
parcial (descenso de la captacion de 18F-FDG al cabo de un mes) y la supervivencia sin
progresidon o mejor respuesta, segun los criterios RECIST. El efecto de los inhibidores de PI3K
sobre el metabolismo de la glucosa, el pequefio nimero de pacientes y respuestas observadas,
asi como la considerable heterogeneidad de pacientes y tipos de tumores tratados en este
estudio podrian explicar por qué ®F-FDG no fue Util como factor de prediccion de respuesta a

terapia en este estudio, aunque si demostré su potencial como biomarcador farmacodindmico.

3.4.4Senales de actividad y biomarcadores predictivos

En los dos ensayos de fase | se observaron sefiales de actividad antitumoral (respuestas
parciales y estabilizacién prolongada de la enfermedad con contraccidn del tumor o reduccién
del marcador tumoral). En las pacientes con cancer de mama, asi como en los pacientes con
carcinoma ductal de la glandula parétida y hemangioendotelioma epitelioide se observéd una
respuesta tumoral, y los pacientes con CPNM, cancer de prdstata y cancer de cabella y cuello
se logré una larga estabilizacién de la enfermedad. Aun asi, la eficacia clinica de estos

inhibidores de la via PI3K en monoterapia fue, como mucho, modesta.

Una forma de mejorar los indices de respuesta de la monoterapia es mejorar la seleccién de
pacientes con aberraciones y mutaciones conocidas. Los hallazgos preclinicos segun los cuales
los tumores con alteraciones de la via PI3K son mds sensibles a los tratamientos con
inhibidores de PI3K que los tumores sin dichas alteraciones nos llevaron a implementar un
programa de preseleccion para incluir en estos ensayos pacientes cuyos tumores presentaran

mutaciones de PIK3CA y PTEN o hubieran perdido la expresion de PTEN(67, 82-84).
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En nuestra institucidon, empleamos la preseleccién multiplexada de pacientes con enfermedad
avanzada. Esta estrategia se empled para identificar las aberraciones susceptibles de
tratamiento que pudieran ser utilizadas como dianas terapéuticas en el futuro. Entre estas
aberraciones se encuentran las mutaciones de PIK3CA y la pérdida de PTEN para los ensayos
con Inhibidores de PI3K (incluyendo estos dos ensayos con Buparlisib y Pilaralisib). Se
preseleccionaron 573 pacientes y a aquellos que presentaban alteraciones con probada
sensibilidad a los inhibidores de PI3K se les ofrecid participar en un ensayo clinico con agentes
que incluian un pan-inhibidor de PI3K, PI3K-mTOR o un inhibidor selectivo de PI3Ka (n=2). Se
incluyeron un total de 88 pacientes con tumores con aberraciones de PI3K en seis ensayos
clinicos de fase | diferentes, incluyendo los aqui descritos (NCT00486135, NCT01068483,
NCT00485719, NCT00620594, NCT00940498, NCT01219699, NCT01449370). De hecho, la
mayoria de los pacientes con alteraciones conocidas de PI3K que fueron incluidos en los
ensayos de fase | con Pilaralisib y Buparlisib eran pacientes de nuestro centro. Nuestra
estrategia de analizar el perfil molecular mediante el uso de plataformas multiplexadas tuvo
un gran impacto en el reclutamiento de pacientes en multitud de ensayos de fase |, lo que
permitid probar clinicamente la hipdtesis de que los tumores con mutaciones de PIK3CA

pueden ser mas sensibles a los inhibidores de PI3K.

Sin embargo, estos dos ensayos clinicos con pan-inhibidores de PI3K no han demostrado que
exista una clara correlacién entre las alteraciones moleculares en la via PI3K y el efecto
antitumoral, lo cual contradice, extrafiamente, lo sugerido por multitud de ensayos
preclinicos(67, 68, 107). En nuestra experiencia, no se observan grandes diferencias en los
indices de respuesta en pacientes cuyos tumores presentaban alteraciones en la via PI3K
(definidas en este estudio como una mutacion de PIK3CA o la pérdida de PTEN) y los que no.
Otros estudios, donde se evaltan los inhibidores de PI3Ka, Alpelisib y INK1117, y realizados en
paralello a los estudios aqui presentados, se reclutaron Unicamente a pacientes con tumores

con mutaciones de PIK3CA. En este estudio, hemos observado algunas respuestas objetivas,
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asi como una estabilizacién prolongada de la enfermedad con contraccién del tumor en cancer
de mama (se logré una respuesta parcial en el 33% de las pacientes con cancer de mama ER+
con mutaciones de PIK3CA); cancer colorrectal (una respuesta parcial) y tumores ginecoldgicos
(una respuesta parcial)(108). No obstante, como se puede comprobar en la Figura 4 del Anexo
2, a pesar de haber seleccionado solo a pacientes cuya enfermedad se suponia muy sensible a
los inhibidores de PI3K, solo la mitad parecié haber obtenido algun beneficio clinico. De este
modo, el indice de control de la enfermedad, entendido como las respuestas completas y
parciales y la estabilizacidn de la enfermedad, fue del 53,2%, con un intervalo de confianza del

95% de 40.1-66.0.

La ausencia de una clara asociacion entre las mutaciones de PIK3CA y la respuesta a
inhibidores de PI3K podria deberse a varios factores, como la pequefia muestra y la
heterogénea poblacion de pacientes, que presentaban una gran variedad de tipos de tumores.
Con el fin de continuar analizando este hecho con una mayor poblacidn de pacientes y evaluar
el papel del linaje del tumor a la hora de determinar la sensibilidad de la enfermedad a la
terapia, realizamos un analisis combinado de la eficacia clinica de los inhibidores de PI3K
estudiados en todos los ensayos de fase | realizados en VH en pacientes cuyos tumores
albergaban alteraciones de la via PI3K. En este conjunto de datos, uno de los mayores en los
que se evalua el agente Unico Inhibidores de PI3K en pacientes con tumores con alteraciones
de PI3K, la actividad antitumoral fue discreta, aunque observamos un mayor beneficio en las
pacientes con tumores de mama con mutaciones de PIK3CA y con tumores ginecolégicos.
También realizamos una secuenciacién masiva dirigida de las muestras de tumor de dos
pacientes cuya enfermedad mostré respuesta para, finalmente, progresar (véase AMPLIACION
DE DATOS para ver con mas detalle los métodos y resultados obtenidos). La secuenciacion
paralela masiva en estas muestras metastasicas reveld alteraciones en vias asociadas a la
resistencia al inhibidor de PI3K, lo que anima a continuar utilizando en el futuro estas

plataformas de preseleccién de alta capacidad.
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El valor predictivo no concluyente de PIK3CA para determinar el valor clinico de los inhibidores
de PI3K puede deberse a otras razones. En primer lugar, los métodos de deteccion precoz
incluian un numero limitado de ensayos (multiplexado limitado), y puede que éstos no
tuvieran capacidad para detectar otras alteraciones que podrian determinar la sensibilidad
(como las alteraciones en AKT1/2, PIK3R1, LKB1, NF1) o resistencia (como las alteraciones en
APC, BRAF, KRAS) del tumor. A este respecto, actualmente se pueden emplear los métodos de
secuenciacion de préoxima generacidn, que han demostrado ser Utiles a la hora de determinar
los mecanismos primarios y secundarios de resistencia a los inhibidores de PI3K, lo que
subraya su utilidad para la determinacion del perfil molecular de los tumores de los pacientes
(véase la Figura 7 a-e del Anexo 2). En segundo lugar, puede que los tumores con alteraciones
de PI3K no respondan debido a la heterogeneidad intratumoral(109). Finalmente, se estan
obteniendo datos preclinicos (83, 110, 111)que sugieren que el linaje tumoral también parece

influir en la sensibilidad del tumor a la terapia.

3.5 Conclusiones y seguimiento de lineas de investigacion

A partir de los datos aqui presentados, seria razonable afirmar que los pan-inhibidores de PI3K
como Buparlisib y Pilaralisib pueden inhibir la via PI3K/AKT/mTOR con una eficacia razonable y
un perfil de seguridad favorable. Los efectos secundarios mas habituales asociados a estos
farmacos fueron los esperados, teniendo en cuenta los mecanismos de accion de los mismos,

es decir, hiperglucemia y erupciones cutaneas.

El analisis de los biomarcadores del metabolismo de la glucosa y las pruebas de **F-FDG-PET
aqui presentadas respaldan la observacion de que estos farmacos inhiben la via PI3K y

perturban el metabolismo de la glucosa.

La reduccion de la expresién de pAKT, p4EBP1 y pS6 observada en tejidos vicarios (surrogate

tissue) y muestras de tumores confirma que Pilaralisib y Buparlisib tienen capacidad para

88



inhibir la via de PI3K en tejido tumoral. La actividad antitumoral fue discreta y, aunque estos
resultados abren la via para la realizacidn de otros estudios con pan-inhibidores de PI3K ya sea
en monoterapia o combinados con otros agentes para algunas indicaciones (cancer de mama,
ovario y cabeza y cuello), ha quedado demostrado que seleccionar a los pacientes basandonos
en las alteraciones que presentan los tumores no es suficiente. Los inhibidores de PI3K en
tumores con alteraciones de PIK3CA no parecen haber mostrado el mismo nivel de
dependencia oncogénica y actividad antitumoral que las terapias dirigidas con inhibidores
como los de la quinasa dirigidos contra EGFR y BRAF. Las respuestas clinicas a los inhibidores
de PI3K en monoterapia no respaldan el uso clinico de las alteraciones en PIK3CA como
marcadores predictivos en la seleccion de pacientes. Estas observaciones han tenido un claro
impacto a la hora de continuar desarrollando estos farmacos. Para poder desarrollar con éxito
estos agentes, anteriormente habria que analizar algunos aspectos farmacoldgicos, biolégicos

y traslacionales, con el fin de conocer mejor cdmo aplicarlos correctamente.

Para probar la validez de las mutaciones de PIK3CA como marcadores predictivos de
sensibilidad a los inhibidores de PI3K, asi como de otras combinaciones farmaco-biomarcador,
y ayudar a tomar decisiones terapéuticas en el contexto del cdncer avanzado, creamos un
programa local multiplexado de preselecciéon de pacientes. En primer lugar, empleamos la
plataforma de MassArray para comprobar que el programa se adecuaba a su propdsito. El
programa facilitdé el reclutamiento de pacientes para la realizacion de ensayos clinicos con
inhibidores de PI3K. No obstante, cuando aparecieron las plataformas de secuenciacién de
proxima generacién y se mejoraron los tiempos de respuesta, probamos su validez para
analizar las muestras de los pacientes. En dos pacientes con mutaciones de PIK3CA pudimos
detectar los mecanismos de resistencia tras producirse recaida. A continuacion, redisefiamos
nuestro programa de preseleccion y adaptamos las plataformas de secuenciacién de préxima
generacidon para convertirlas en herramientas de genotipado para facilitar la toma de

decisiones terapéuticas en un modelo orientado al paciente.
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Tras una primera ronda de ensayos clinicos con inhibidores de vias PI3K, quedaron algunos
aspectos sin resolver. Dado el moderado beneficio cliico observado tras la exposicion de los
pacientes a los pan-inhibidores de PII3K en monoterapia, las muestras clinicas de pacientes
tratados con inhibidores de PI3K (con o sin alteraciones en PI3K) se han convertido en valiosas
herramientas para identificar los mecanismos de sensibilidad a terapia. De este modo, se
utilizaron biopsias de tumores en tratamiento para analizar los mecanismos de accidon y definir
una dosis bioldgica éptima, ya que consideramos que estas muestras clinicas podian ayudar a
orientar nuestras investigaciones en la direccién correcta (en contraposicién con la
investigacion basica basada en lineas celulares, xenoinjertos o ratones transgénicos que, segun
se ha demostrado, tienen un valor predictivo limitado). En colaboracién con los laboratorios
translacionales del VHIO o mediante colaboraciones externas, estas muestras de pacientes
sirvieron en muchas ocasiones como punto de partida o, al menos, como referencia orientativa
para la investigaciéon preclinica translacional. En la tabla 11 del Anexo 1 se puede ver el

resultado de estos esfuerzos, aqui resumidos:

e Tanto Buparlisib como Pilaralisib causaron algunos efectos bioldgicos inesperados cuya
causa se considerd que serian inespecificos. Por un lado, Buparlisib mostré efectos
antitubulares, lo que explica la aparicion de algunas toxicidades como trastornos en el
estado de danimo y otros efectos secundarios neuropsiquidtricos. Por otro lado, Pilaralisib
mostrd tener un efecto inhibidor de la via MAPK, tal como indicaba la reduccion de la
sefializacion por MEK y ERK. Todo esto despertd el interés en inhibidores de PI3K mas
especificos como INK1117 y Alpelisib, ambos con una alta especifidad hacia la isoforma

alfa de PI3K.

e La limitada inhibicidon de la senalizacién obtenida a través de tratamiento con Pilaralisib,
Buparlisib y Alpelisib (entre el 30 y el 90%, dependiendo del marcador y del farmaco

evaluado), podria deberse a la apariciéon de efectos secundarios que impiden lograr una
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inhibicidn mas completa de la via, o a la presencia de vias de sefializacién paralelas que
podrian burlar la seializacidon de PI3K. En colaboracidn con el laboratorio de José Baselga,
observamos en las muestras de algunos pacientes una sefalizacion de mTOR
permanentemente activa a pesar del tratamiento con inhibidores de PI3K. La investigacidon
preclinica apunté a la activacion de la via a través de la expresion de IGF1 y/o neuregulina
1(112), lo cual apuntaba al uso de un inhibidor de PI3K en combinacién con un inhibidor de
mTOR, resultando esta ser sinergistica en modelos preclinicos. Actualmente se estd

explorando esta hipdtesis en dos ensayos clinicos (NCT01899053 y NCT02077933).

El paciente que mas respondié al tratamiento fue un paciente con cancer de mama triple
negativo. Preclinicamente, en esta enfermedad (cancer de mama estrégeno, progesterona
y HER2 negativo), la inhibicion de PI3K parecia alterar la expresion de BRCA1/2 y
sensibilizar el cancer de mama triple negativo con BRCA normal a la inhibicion del
PARP(113). Un ensayo clinico financiado con la beca “Targeting PI3K in Women’s Cancers”
del programa Stand-Up-To Cancer de la American Association for Cancer Research trasladé
estas observaciones a un ensayo clinico (NCT01623349) en el que se investigd la
combinacion de olaparib, un inhibidor del PARP, y Buparlisib en el cdncer de mama triple

negativo y el cancer de ovario.

Dado que la via PI3K esta compuesta por una compleja red de interacciones con cascadas
paralelas, su inhibicion farmacolégica libera una retroalimentacidon negativa mediante la
cual se activan las vias de sefializacién compensatorias. En contextos preclinicos, se han
descrito multitud de mecanismos compensatorios, como la reactivacion en
retroalimentacion dependiente de FOXO de receptores de tirosina quinasa (como HER2,
HER3, IGF1R y el receptor de la insulina) y las quinasas descendentes como ERK,
amplificacion del MYC, y la activacién de las vias NOTCH o Wnt-B-catenina(93, 114-120).

Estos hallazgos se realizaron en experimentos in vitro en el laboratorio, por lo que fue
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necesario validarlos en un contexto clinico para poder obtener conclusiones mas firmes.
En el cdncer colorrectal, donde la mutacién del PIK3CA es bastante frecuente, la resistencia
a PI3K parece generalizada. Este fendmeno podria estar relacionado con la activacion de la
via WNT, tal como indican los estudios preclinicos(93) y las abundantes evidencias clinicas
circunstanciales obtenidas (como las frecuentes mutaciones de APC (121)en los tumores
resistentes y la aparicion de mutaciones activantes en la muestra de una paciente con
cancer cervical en recidiva que inicialmente respondié al inhibidor de PI3K). Estas
observaciones alentaron a establecer una colaboracién con el laboratorio de Hector
Palmer para analizar la activacion de la via WNT (medida mediante [—catenina
intranuclear) en muestras de pacientes tratados con inhibidores de PI3K. En este contexto,
se observd una correlacién entre la activacién de la via WNT y la resistencia a los
inhibidores de PI3K (Arqués/Palmer, manuscrito en pblicacidn). Los resultados obtenidos
apuntan hacia la combinacién de un inhibidor de la via WNT, por ejemplo, de inhibidores

de la tankirasa (aun en las primeras fases de desarrollo), con un inhibidor de la via PI3K.

Estos resultados y la investigacién posterior que suscitaron demuestran que los actuales
ensayos de fase | ofrecen el contexto perfecto para la prueba de hipdtesis. Junto con la
evaluacidn de seguridad y toxicidad, se analizaron multiples biomarcadores para determinar si
se habia dado en la diana y evaluar la respuesta bioldgica. Estos ensayos han demostrado ser

un escenario adecuado para probar el valor predictivo de las mutaciones en el gen PIK3CA.
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4. Segunda parte: El inhibidor de SHH Sonidegib,
activacion de la via y desarrollo de una firma de
activacion de SHH

En esta segunda parte describimos los resultados de un ensayo clinico realizado por primera
vez en humanos de Sonidegib, un inhibidor de la via Hedgehog (Hh), en pacientes con tumores
sélidos avanzados, incluido el carcinoma de células basales y el meduloblastoma (seccién 4.1).
Asi mismo, se describen los esfuerzos realizados por determinar la poblacién de pacientes que

puede obtener beneficio clinico de este agente (anexo 2).

Cuando iniciamos este trabajo, no estaba claro qué pacientes se podian beneficiar de los
inhibidores de Sonic Hedgehog. Las mutaciones de pérdida de funcién en los reguladores
Patched 1 (PTCH1) y/o las mutaciones del receptor supresor de Fused (SUFU) parecieron
responder a la inhibicién de la via Hh, aunque se han descrito otras formas de activar la via
SHH, como las mutaciones de ganancia de funcién en el regulador positivo Smoothened (SMO)
y la sobreexpresién del ligando Hh mediante secrecién autocrina o paracrina. En el caso del
meduloblastoma, por ejemplo, en los estudios para la determinacion del perfil de expresion
génica se identificaron cuatro subtipos principales, uno de los cuales se caracteriza por la
activacion de la via hedgehog (SHH). Aunque solo se hallaron mutaciones en la via Hh en los
casos de la subclase SHH, algunos casos se observaron con activacion de SHH en ausencia de
mutaciones de la via Hh detectables. Por lo tanto, parece que la expresidn génica tiene mayor
valor de prediccién de sensibilidad a los inhibidores de SMO que el andlisis mutacional. Sin
embargo, no se dispone de ninguna prueba diagndstica aplicable para este propdsito. De este
modo, actualmente no existia ningin método estandar para la identificacion de pacientes

dentro de los subtipos moleculares de meduloblastoma en el contexto clinico.

Al iniciar el estudio no disponiamos de datos que respaldaran la exclusién de ningun tipo

concreto de pacientes, y para identificar a los pacientes con mayor probabilidad de obtener
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beneficio clinico, en algunos casos se considerd que era suficiente con aplicar criterios
histoldgicos (considerando activacidon de SHH en el 90% de los carcinomas de células basales y
en el 40% de los meduloblastomas) en lugar del analisis mutacional. De este modo, en este
estudio se incluyeron todos los tipos de tumores. Se hizo, eso si especial hincapie en la
inclusion de pacientes con histologias consideradas dependientes de la via de sefializacién Hh.
Realizamos un analisis retrospectivo de las muestras de los pacientes con el fin de determinar
marcadores predictivos (estrategia 1 segln descrito en la Introduccién) como, por ejemplo,
gue los tumores con una sefalizacién excesivamente activa de Hh (autocrina/pracrina) o con

un perfil de expresién gendmica fueran mas sensibles al tratamiento con Sonidegib.
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4.1 Evaluacion clinica de la seguridad, farmacologia (farmacocinética y
farmacodinamia) y marcadores predictivos de un inhibidor de SMO:
Sonidegib o LDE225.

Sonidegib (LDE225), un nuevo inhibidor selectivo de SMO fue identificado en un cribado
celular de alto rendimiento. Las investigaciones preclinicas mostraron una alta penetracion en
los tejidos (incluyendo la barrera sangre-cerebro) y una buena biodisponibilidad oral, la
supresion completa del homodlogo 1 del oncogen asociado al glioma (GLI1) y regresion tumoral
en los modelos de meduloblastoma en ratones Ptch+/- p53-/- and Ptch+/- Hicl+/-

(hipermetilado en el cancer 1)(73).

En este articulo presentamos los resultados del primer estudio de fase 1 con escalada de la
dosis realizado en humanos con Sonidegib en pacientes adultos con tumores sdlidos

avanzados.
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4.1.1 Tercer articulo: Este es el primer estudio multicéntrico, abierto, de fase 1 con
aumento progresivo de la dosis realizado en humanos del inhibidor oral de Hedgehog
Sonidegib (LDE225) en pacientes dultos con tumores solidos avanzados.
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A Phase |, Multicenter, Open-Label, First-in-Human, Dose-Escalation Study
of the Oral Smoothened Inhibitor Sonidegib (LDE225) in Patients with
Advanced Solid Tumors
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Camille Granvil~, Eunju Hurh7, Kristine L. Rose ™, Dereck D. Amakye8, Reinhard Dummer4, and Alain C. Mita6’*

Abstract

Purpose: This phase I trial was undertaken to determine the maximum tolerated dose (MTD), dose-limiting toxicities (DLT), safety,
tolerability, pharmacokinetics, pharmacodynamics, and preliminary antitumor activity of the novel smoothened inhibitor sonidegib (LDE225), a
potent inhibitor of hedgehog signaling, in patients with advanced solid tumors.

Experimental Design: Oral sonidegib was administered to 103 patients with advanced solid tumors, including medulloblastoma and basal cell
carcinoma (BCC), at doses ranging from 100 to 3,000 mg daily and 250 to 750 mg twice daily, continuously, with a single-dose
pharmacokinetics run-in period. Dose escalations were guided by a Bayesian logistic regression model. Safety, tolerability, efficacy, pharmaco-
kinetics, and biomarkers in skin and tumor biopsies were assessed.

Results: The MTDs of sonidegib were 800 mg daily and 250 mg twice daily. The main DLT of reversible grade 3/4 elevated serum creatine
kinase (18% of patients) was observed at doses _ the MTD in an exposure-dependent manner. Common grade 1/2 adverse events included
muscle spasm, myalgia, gastrointestinal toxicities, increased liver enzymes, fatigue, dysgeusia, and alopecia. Sonidegib exposure increased dose
proportionally up to 400 mg daily, and displayed nonlinear pharmacokinetics at higher doses. Sonidegib exhibited exposure-dependent reduction
in GLI1 mRNA expression. Tumor responses observed in patients with medulloblastoma and BCC were associated with evidence of hedgehog
pathway activation.

Conclusions: Sonidegib has an acceptable safety profile in patients with advanced solid tumors and exhibits antitumor activity in advanced
BCC and relapsed medulloblastoma, both of which are strongly associated with activated hedgehog pathway, as determined by gene expression.
Clin Cancer Res; 20(7); 1900-9. _2014 AACR.

Introduction muscles (1). During the postnatal period and adulthood,
hedgehog pathway activity is involved in the regulation of
bone development, tissue maintenance and repair, and
maintenance of stem cell populations (hair follicles; refs. 1
and 2). Aberrant hedgehog pathway activation has been linked
with the pathogenesis of many human can-cers through
hedgehog  ligand-dependent  and  ligand-independent
mechanisms.

The hedgehog signaling pathway plays a key role du-ring
embryo-fetal development of the brain, bones, and
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Genetic alterations, including loss-of-function mutations
inthenegativeregulators patched 1(PTCH1)and/orsuppres-sor
of fused (SUFU), or less frequently gain-of-function
mutations in the positive regulator Smoothened (SMO), lead

1900

Note: Supplementary data for this article are available at Clinical Cancer
Research Online (http://clincancerres.aacrjournals.org/).

Y. Shou and D.D. Amakye are no longer associated with Novartis.

~J. Rodon, H.A. Tawbi, and A.C. Mita contributed equally to this article.

Corresponding Author: Hussein Tawbi, University of Pittsburgh Cancer Insti-
tute, Division of Hematology/Oncology, 5150 Centre Avenue, Pittsburgh, PA
15232. Phone: 412-648-6578; Fax: 412-648-6579; E-mail: tawbih@upmc.edu

doi: 10.1158/1078-0432.CCR-13-1710

_2014 American Association for Cancer Research.

to ligand-independent pathway activation and have been
linked to basal cell carcinoma (BCC), medulloblastoma, and
rhabdomyosarcoma (2). Overexpression of hedgehog ligand
has been observed in pancreatic, colorectal, lung, breast,
prostate, esophageal, and gastric tumors (2). Therefore, the
hedgehog pathway has become an attractive therapeutic tar-
get. Inhibitors targeting SMO, including vismodegib, which is
approved by the U.S. Food and Drug Administration for the
treatment of metastatic or locally advanced BCC, are currently
being investigated in clinical trials (3-9).
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Oral Sonidegib (LDE225) in Patients with Advanced Solid Tumors

Translational Relevance

Aberrant hedgehog pathway activity has been linked to
the pathogenesis of many cancers. The results of this phase
I trial further advance the emerging clinical expe-rience of
hedgehog pathway inhibitors in patients with cancer. Oral
sonidegib (LDE225) blocks the hedgehog pathway by
selective inhibition of smoothened (SMO). Sonidegib
exhibits an acceptable safety profile, expo-sure-dependent
target inhibition, and clinically relevant antitumor effect in
patients with locally advanced or metastatic basal cell
carcinoma (BCC) and relapsed medulloblastoma. The
toxicities identified are manage-able and reversible upon
discontinuation of treatment. Furthermore, a five-gene
hedgehog signature assay dem-onstrated a strong
association between tumor responses and hedgehog
pathway activation, thus supporting its use as a patient
selection tool in future studies. These data support ongoing
clinical investigations of sonidegib as a single agent in
BCC and hedgehog pathway-activat-ed medulloblastoma,
and as a combination partner with other agents in other
malignant disease settings.

Sonidegib(LDE225),N-(6-((2S,6R)-2,6-dimethylmorpho-
lino)pyridin-3-yl)-2-methyl-40-(trifluoromethoxy)biphenyl-3-
carboxamide, a novel selective inhibitor of SMO, was
identified in a cell-based high-throughput screen (Supple-
mentary Fig. S1; ref. 10). Sonidegib demonstrated high tissue
penetration (including blood-brain barrier) and good oral
bioavailability in preclinical studies (10). Oral adminis-tration
of sonidegib in mouse medulloblastom/a models
Ptchp’ p53~" and Ptchp’ HiC‘1lEL (hypermethylated in
cancer 1) resulted in complete suppression of glioma-asso-
ciated oncogene homolog 1 (GLI1) and tumor regression,
suggesting targeted inhibition of hedgehog signaling (11).

We report results from a first-in-human, dose-escalation,
phase I study with sonidegib in adult patients with advanced
solid tumors. The study population was enriched with patients
with locally advanced or metastatic BCC and relapsed
medulloblastoma. This study established the max-imum
tolerated dose (MTD) and dose-limiting toxicity (DLT) of
continuous daily oral sonidegib administration. In addition,
safety, pharmacokinetics, pharmacodynamics, and
preliminary antitumor activity were assessed.

Patients and Methods

Patient population

Adult patients with histologically or cytologically con-
firmed advanced solid tumors, including medulloblastoma,
whose disease progressed despite standard therapy or for
whom no standard therapy was available were eligible. Other
key inclusion criteria were measurable or evaluable disease
defined by Response Evaluation Criteria In Solid Tumors
(RECIST 1.0; ref. 12) or the Neuro-Oncology Cri-teria for
Tumor Response (medulloblastoma only; refs. 13 and 14) and
Eastern Cooperative Oncology Group (ECOG)

performance status _2. In addition, all patients must have had
adequate bone marrow (absolute neutrophil count _1.5 _
109/L, hemoglobin _ 9 g/dL, and platelets _100 _ 109/L), liver
(serum total bilirubin _1.5 _ upper limit of normal [ULN] and
aspartate aminotransferase and alanine aminotransferase _ 2.5
_ ULN or _ 5.0 _ ULN if liver metastases are present), and
kidney function (serum crea-tine _1.5 _ ULN or 24-hour
creatinine clearance of _50 mL/min). Patients were excluded
if they had a history of a brain tumor or brain metastases
(except relapsed medullo-blastoma), clinically significant
cardiac disease, or gastro-intestinal dysfunction that might
impair sonidegib absorp-tion. Treatment with strong inhibitors
or inducers of cyto-chrome P450 (CYP) 3A4/5 or drugs
metabolized by CYP2B6 or CYP2C9, which have a narrow
therapeutic index, was prohibited during the study.

All patients provided written informed consent before
enrollment. The study followed the ethical principles of the
Declaration of Helsinki, the International Conference on
Harmonisation Guideline for Good Clinical Practice, and local
regulations (European Directive 2001/20/EC and US Code of
Federal Regulations Title 21). The protocol and amendments
were approved by the institutional review board, independent
ethics committee, or research ethics board at each center.

Study design

The primary objective of this dose escalation, multicen-ter,
open-label phase I study was to determine the MTD and DLTs
of oral sonidegib, administered on a continuous daily
schedule. Additional objectives included safety, pharmaco-
kinetics, pharmacodynamics, and antitumor activity. Dur-ing
dose escalation, all patients received a single oral dose of
sonidegib in a 7-day pharmacokinetic run-in period to
characterize the pharmacokinetic profile of sonidegib. Once
the MTD was determined for the once-daily regimen, addi-
tional patients were enrolled to ensure a minimum of 22
patients were treated at the MTD to provide a 90% prob-
ability of detecting adverse events with an incidence of 10%
and permit further assessment of pharmacokinetics, phar-
macodynamic effects, and antitumor activity. Twice-daily
dosing was also tested to explore the effect of dose fraction-
ation and MTD.

Sequential cohorts of patients were treated with escalat-ing
doses of sonidegib once (100, 200, 400, 800, 1,000, 1,500, or
3,000 mg) or twice daily (250, 400, or 750 mg), continuously
in a 28-day cycle. Twice-daily dosing was evaluated to
address apparent solubility-limited absorption at doses >400
mg once daily. A minimum of 3 evaluable patients were
required to make dose-escalation decisions after completing
cycle 1. Additional patients were enrolled to allow for
dropouts and to better define the safety, pharmacokinetics, or
pharmacodynamics of sonidegib at a given dose. Enrollment
of patients with medulloblastoma and advanced BCC was
allowed at previously well-tolerated doses during the dose-
escalation phase.

A 2-parameter Bayesian logistic regression model for
escalation with overdose control was used to guide dose
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escalation decisions (15, 16). A DLT was defined as a
significant adverse event or abnormal laboratory parameter
adjudged to be Common Terminology Criteria for Adverse
Events (CTCAE version 3.0) grade _3 in severity and con-
sidered unrelated to disease progression, intercurrent ill-ness,
or concomitant medications. The MTD was defined as the
highest dose of sonidegib predicted to have <25% probability
of a DLT rate of _33% during cycle 1 (first 28 days). After
tolerating the assigned dose for at least 2 cycles, intrapatient
dose escalations were permitted. Dose escalation decisions
were impacted by the emergence of late-onset, reversible
grade 3/4 elevated serum creatine kinase (CK), occurring
primarily during cycle 2.

Safety evaluations

Safety was assessed according to CTCAE version 3.0
guidelines (17). Assessments included regular laboratory
evaluations, physical examinations, vital signs, weight, and
periodic electrocardiogram recordings. All patients were
monitored for safety from the first dose until 28 days after the
final dose. Additional monitoring, including weekly serum
creatine kinase during cycle 2 and on the first day of
subsequent cycles, was implemented.

Pharmacokinetics assessments and analyses

Blood sample collection and handling. Blood samples for
pharmacokinetic analyses were collected throughout the
study. For the pharmacokinetic run-in period, serial blood
samples were collected starting on day 1 (ending on day 5) at
predose and 0.5, 1, 2, 4, 6, 8, 24, 48, 72, and 96 hours
postdose. Serial blood samples were also collected on day 15
of cycle 1 at predose and 0.5, 1, 2, 4, 6, and 8 hours postdose.
Blood samples were also collected predose on days 1, 8, 16,
and 22 of cycle 1; days 1, 2, 8, 15, 16, and 22 of cycle 2; and
day 1 of all subsequent cycles. Samples were processed and
frozen at _70"C within 90 minutes of the collection.

Preparation and analysis of plasma samples. Plasma
samples were prepared using a protein precipitation extrac-
tion procedure, and sonidegib concentrations were deter-
mined using a validated liquid chromatography/tandem mass
spectrometry (LC/MS-MS) assay using an API 5000 triple
quadrupole mass spectrometer from AB Sciex equipped with
an electrospray interface. Sample extracts were analyzed
using gradient reverse-phase chromatogra-phy with a Capcell
Pak C18 ACR, 150 _ 4.6 mm ID, 5-mm particles (Shiseido
Co Ltd.)). The mobile phase consisting of water/0.1%
ammoniac solution followed by acetonitrile/ isopropanol (8:2,
v/v) was pumped through the column at a flow rate of 1.0
mL/min. Positive-ion multiple reaction monitoring (MRM)
with a labeled internal control and a lower limit of
quantitation of 0.0247 ng/mL (using 0.050 mL of plasma) was
used for detection. The MRM transition monitored for
sonidegib, and the labeled internal standard was m/z 486.07
to 428.08 and 490.07 to 432.08, respectively. The LC/MS-MS
chromatograms of all analyzed baseline samples showed no
interfering peaks, demonstrat-ing selectivity of the method.
Intraday and interday preci-

sion as represented by the coefficient of variation and
accuracy as represented by the mean bias were within 20%.
The validated method is suitable for the determina-tion of
sonidegib in human plasma.

Pharmacokinetics assessments. Pharmacokinetic para-
meters were calculated using noncompartmental methods with
WinNonlin, version 5.2 (Pharsight). Peak plasma

concentration (Cpax) and time to reach Cpax (Tmax) were
obtained from individual sonidegib concentration—time
profiles. Area under the plasma concentration—time curve
(AUC) values were calculated using the linear trapezoidal
rule. Steady state was defined as a stable plasma trough
concentration in at least 2 consecutive samples. Accumu-
lation ratios were calculated by dividing the average plasma
trough concentration at steady state by the trough concen-
tration after the first dose.

Biomarker and antitumor evaluations

Fresh or archival tumor samples were collected when
available, and biopsies of normal skin were collected from all
patients before sonidegib treatment, at the end of cycles 1 and
2, and within 14 days after the last dose. RNA was extracted
from tissue samples and analyzed by reverse transcriptase-
PCR (RT-PCR) to measure GLI1 expression and hedgehog
pathway activation status, based on the 5-gene hedgehog
signature assay (18, 19).

All potential sites of tumor lesions were evaluated by
computed tomography, magnetic resonance imaging, or
physical examination (locally advanced BCCs) at baseline and
every 8 weeks. Antitumor activity was determined according
to RECIST 1.0 (12) and the Neuro-Oncology Criteria of
Tumor Response (medulloblastoma only; refs. 13 and 14).
[ “F]-fluorodeoxyglucose positron emission tomography
(FDG-PET) was performed in a subset of patients at baseline,
day 28 of cycles 1 and 2, and posttreat-ment to supplement
RECIST assessments. Percent changes from baseline
standardized uptake value (SUV) using the average over
lesions per patient were determined for patients with at least
one lesion _2 cm with a tumor-to-background ratio of _2.
Metabolic partial response was defined as a decrease of _25%
in summed maximum SUV in the target lesion as per the
recommendations proposed by Weber and colleagues (20).

Statistical analyses

Demographics, safety, efficacy, and relevant pharmaco-
kinetics and pharmacodynamic measurements were sum-
marized using descriptive statistics and contingency tables.
Study data included all patient data from the dose escalation
and enrichment cohorts until all patients had completed at
least 3 cycles of treatment or discontinued the study.

Results

Patient demographics and clinical characteristics

A total of 103 patients, comprising 73 and 30 patients on
the once-daily and twice-daily schedules, respectively, were
enrolled between March 2009 and June 2011. Overall, 16
patients with BCC and 9 patients with medulloblastoma
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Table 1. Demographic summary and disease
characteristics at baseline
All patients
Baseline characteristics (n ¥4 103)
Age, median years (range) 59.0(22-87)
Male sex, % 61.2
Primary site of cancer, n (%)
Pancreas 19(18.4)
Colorectal 18(17.5)
Other gastrointestinal tumors? 8(7.8)
BCC 16(15.5)
Lung 10(9.7)
Medulloblastoma 9(8.7)
Genitourinary tumorsb 5(4.9)
Breast 3(2.9)
Cutaneous melanoma 3(2.9)
Other® 12(11.7)
Prior antineoplastic therapies, n (%)
Surgery 91(88.3)
Radiotherapy 47(45.6)
Systemic therapyd 96(93.2)
Prior systemic therapiesd
1 20(19.4)
2 22(21.4)
>2 54(52.4)
ECOG performance status, n (%)
0 41(39.8)
1 55(53.4)
2 7(6.8)
@Other gastrointestinal tumors included
cholangiocarcinoma (4), stomach (1), gall bladder (1),
esophageal (1), and small intestine (1).
Genitourinary tumors included cervix (1), ovary (1), endo-
metrial (1), prostate (1), and renal (1).
“Other included leiomyosarcoma (2), germ cell (2), mesothe-
lioma (2), Merkel cell carcinoma (1), spindle cell carcinoma
(1), osteosarcoma (1), adenocarcinoma of unknown primary
(1), ciliary body melanoma (1), and ampulloma (1). dIncluded
chemotherapy, hormonal therapy, immuno-therapy, and
targeted therapy (1 patient with BCC was pre-viously treated
with the topical formulation of sonidegib).

were treated. Primary tumor site, previous antineoplastic
therapies, and ECOG performance status of patients enrolled
are listed in Table 1.

Safety findings

Sonidegib was generally well tolerated with typically mild
(grade 1/2) adverse events (Table 2). Patients comprising the
dose-decision sets are listed in Supplementary Table S1. Most
common treatment-related grade 1/2 adverse events
experienced by >10% of patients included nausea, dysgeu-sia,
anorexia, vomiting, muscle spasms, myalgia, increased serum
creatine kinase, fatigue/asthenia, and alopecia, char-

acterized by gradual thinning of the hair. Notable grade 3/4
adverse events occurring in <5% of all treated patients
included weight loss, myalgia, hyperbilirubinemia, dizzi-ness,
and asthenia. There were no deaths because of drug-related
toxicities. Dose reduction occurred in 17 patients (17%),
mostly treated at doses >800 mg. Twenty patients (19%)
permanently discontinued treatment because of adverse
events, mostly associated with creatine kinase ele-vation (14
of 20). Reversible grade 3/4 serum creatine kinase elevation
was considered to be dose limiting in 19 patients (18%) at
doses _800 mg once daily and _250 mg twice daily
(Supplementary Table S1). These DLTs tended to occur 3 to 6
weeks after treatment initiation in an exposure-dependent
manner (Fig. 1). Because of the delayed onset, reports of
DLTs initially seemed to be limited to high-dose cohorts;
however, after further evaluation in expanded cohorts, 2 of 26
patients and 2 of 14 patients experienced DLTs at 800 mg
once daily and 250 mg twice daily, respec-tively. Thus, these
doses fulfilled the prespecified criteria for MTD. In most
cases, elevated creatine kinase was associated with myalgia.
However, some patients reported myalgia and muscle spasm
without creatine kinase elevation. Treat-ment-emergent
creatine kinase elevation resolved within 4 to 8§ weeks of drug
discontinuation. No concurrent renal dysfunction was
observed in any patient. Of the patients with creatine kinase
elevation, 8 resumed treatment on a reduced dose without
recurrence. Eight of 19 patients with DLTs also experienced
grade 3/4 adverse events, including increased aspartate
aminotransferase, alanine aminotrans-ferase, or myoglobin;
muscular weakness; and myositis. No clinically significant
changes in creatine kinase-myocardial B isoenzyme,
suggestive of cardiac muscle injury, were noted. In 3 cases,
the DLTs were reported as rhabdomyol-ysis, primarily based
on elevated blood creatine kinase _ myoglobin levels without
evidence of renal dysfunction. Creatine kinase elevation in
these patients resolved follow-ing discontinuation of
sonidegib. No additional therapy was required in 1 patient—
the other 2 patients received sodium chloride (n Y4 1) or
furosemide (n % 1). Treatment with sondiegib was not
resumed in these patients.

Pharmacokinetics

Pharmacokinetic parameters were calculated for 102
patients based on the single-dose pharmacokinetic run-in and
for 82 patients on day 15 of daily dosing. Mean sonidegib
plasma  concentration-time  profiles  following  the
pharmacokinetic run-in period before initiating con-tinuous
dosing are presented (Supplementary Fig. S2). Relevant
pharmacokinetic parameters derived from the plasma
concentration—time curves on pharmacokinetic run-in and day
15 of cycle 1 are summarized in Table 3. Sonidegib was
absorbed after oral administration, with a median T3¢ of 2
hours (range 1-48 hours) for all dosing regimens and doses
combined. Sonidegib plasma exposure (Cpax and AUC) after
single-dose administration increased dose proportionally from
100 to 400 mg and less than dose proportionally above 400
mg. After repeated once-daily dosing from 100 to 3,000 mg,
Cmax and AUC on cycle 1,
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Table 2. Most common adverse events (all grades, _ 5% incidence) suspected to be related to sonidegib treatment

Once-daily doses, mg

Twice-daily doses, mg

Total adverse

events (%) 100 200 400 800 1,000 1,500 3,000 250 400 750 All
Grade 3/4 (%)a (n Y4 6) (n ¥4 6) (n %4 5) (n V4 26) (n % 11) (n % 9) (n ¥4 10) (n V4 14) (n ¥4 8) (n ¥4 8) (n ¥4 103)
Gastrointestinal toxicity
Nausea 3 1 0 4 3 4 2 3 1 5 26 (25.2)
Dysgeusia 1 1 0 5 3 3 5 6 3 3 30 (29.1)
Anorexia 2 1 1 8 4 0 4 5 3 2 30 (29.1)
1 1(1.0)
Vomiting 1 1 0 3 1 1 1 2 1 2 13 (12.6)
Diarrhea 0 0 0 2 0 0 1 1 1 2 7 (6.8)
Constipation 0 1 0 1 1 0 1 0 0 2 6 (5.8)
Muscle spasms 2 2 0 9 3 4 0 5 4 4 33 (32.0)
Myalgia 0 1 0 4 3 2 2 3 0 2 17 (16.5)
1 1(1.0)
Blood creatine kinase 1 1 0 7 4 3 4 3 4 6 33 (32.0)
increased 2 2 3 3 2 2 5 19 (18.4)
Increased transaminasesD 0 0 0 2 0 2 2 6 2 1 15 (14.6)
2 2 1 1 6 (5.8)
Fatigue/asthenia 5 2 0 6 4 3 0 4 3 1 28 (27.2)
1 1 1 3(2.9)
Alopecia 1 1 0 4 1 2 1 1 2 0 13 (12.6)
Lethargy 0 0 0 3 1 0 1 1 0 1 7 (6.8)

a, . . .
Italicized numbers indicate grade 3/4 adverse events.
Includes increased alanine aminotransferase or aspartate aminotransferase.
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Figure 1. Relationship between sonidegib exposure and creatine kinase (CK)
elevation. Sonidegib area under the plasma concentration—time curve from
time 0 to 24 hours (AUCo-241) on day 15 of cycle 1 was plotted for each
patient by dose cohort. Incidences of creatine kinase elevation were noted for
each patient. Incidence of grade 3/4 creatine kinase elevation was associated
with increased sonidegib exposure. Gray-filled diamonds indicate patients
without grade 3 or 4 creatine kinase elevation; black-filled circles indicate
patients who experienced grade 3 or 4 creatine kinase elevation. Black solid
line indicates mean AUC.

day 15 increased approximately dose proportionally up to 400
mg and less than dose proportionally above 400 mg. After

twice-daily dosing from 250 to 750 mg, Cyax and AUC on
cycle 1, day 15 increased less than dose proportionally.
Twice-daily dosing resulted in higher systemic exposures
compared with the equivalent once-daily regimen. The 7-day
pharmacokinetics run-in phase implemented in this study was
not long enough to allow for accurate estimation of the
terminal half-life (t1/7), oral apparent clearance, or volume of
distribution using noncompartmental methods. Based on the
trough plasma concentration over time in patients monitored
for a sufficiently long period without dose changes, steady
state seemed variable and was achieved after 2 to 24 weeks of
repeated dosing, with a median accumulation of 16-fold
across the dose groups based on Cpyi,. The estimated median

effective elimination t1» of sonidegib, calculated on the basis
of the accumula-tion ratio, was 11 days. The interpatient

coefficients of variation for day 15 Cpax and AUC were 39%
to 113% and 33% to 122%, respectively, across the dose
range of 100 to 3,000 mg/day for all dosing regimens. At the
MTD of 800 mg once daily and 250 mg twice daily, the day
15 exposures were similar, with coefficients of variation for

Chax of 54% and 44% and AUC of 50% and 33%, respect-
ively. The median accumulation ratio in 11 patients treated at
800 mg once daily was 16-fold. Increasing son-idegib dose
and exposure were associated with increased odds of grade
3/4 creatine kinase elevation (Fig. 1 and Supplementary Fig.
S3).

Target inhibition

Sonidegib treatment caused a reduction in GLI1 mRNA
expression in tumor and skin (Fig. 2). Target inhibition in the
tumor, as measured by GLI1 expression, was more

pronounced than in the skin when both tissues were avail-able
for analyses (Supplementary Fig. S4). In general, the degree
of target inhibition increased in a dose- and expo-sure-
dependent manner, consistent with the utility of GLI1
expression as a pharmacodynamic marker for hedgehog
pathway activation. However, in the limited number of
samples analyzed, the reduction in GLI1 expression did not
correlate with tumor response (data not shown).

Antitumor activity

Ninety-nine patients (96%) were evaluable for tumor
response. Partial tumor responses were observed over the dose
range of 100 to 1,500 mg. Six of 16 patients with BCC
(37.5%) and 3 of 9 patients with medulloblastoma (33%)
achieved objective tumor responses (partial or complete
response) according to RECIST and FDG-PET (Supplemen-
tary Table S2). In the 3 patients with medulloblastoma with a
partial response, who were treated at 200, 800, and 1,500 mg
once daily, duration of response ranged from 4 to 8 months.
One patient with medulloblastoma, ages 25 years, with largely
metastatic bone disease, did not have RECIST-measurable
lesions; hence FDG-PET was used to monitor treatment
effect. The metabolic partial response in this patient,
maintained for 8§ months, was associated with symptomatic
improvement (reduction in bone pain). A patient with locally
infiltrating BCC achieved a histologic complete response
confirmed by multiple biopsies of the tumor and surrounding
tissue after treatment at 400 mg twice daily (Fig. 3A). Partial
responses were also observed in 5 patients with locally
advanced or metastatic BCC (spread to the lungs), treated at
100, 800, or 1,000 mg once daily and 250 mg twice daily (Fig.
3B and C). Interestingly, the tumor burden of the patient who
achieved a partial response at 250 mg twice daily continued to
improve for several months after treatment discontinuation. In
patients with BCC and medulloblastoma, there was a strong
asso-ciation between tumor response and hedgehog pathway
activation, as determined by a 5-gene hedgehog signature RT-
PCR assay (Supplementary Table S2; ref. 18). Best over-all
response of stable disease was observed in 24 patients (23%),
with duration of stable disease > 6 months in 3 patients with
lung adenocarcinoma, spindle cell sarcoma, and BCC.

Discussion

Continuous daily oral administration of sonidegib exhib-
ited an acceptable safety profile, exposure-dependent target
inhibition, and antitumor activity. The wvast majority of
adverse events were mild to moderate in severity. Treat-ment-
related adverse events were manageable and revers-ible after
discontinuation of drug. The majority of treat-ment-related
adverse events in this study have been simi-larly observed
with other SMO inhibitors in phase I studies in patients with
advanced solid tumors (3, 8). The toxicity profiles of these
agents cannot be directly compared in the absence of head-to-
head trials; however, the most com-monly reported adverse
events in >10% across the agents
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Table 3. Summary of sonidegib pharmacokinetic parameters after a single dose on day 1 of
pharmacokinetic run-in and repeated doses on day 15 of cycle 1
Pharmacokinetic run-in
Crnax, Ng/mL AUCq_168 h ng _ h/mL Trmax, h° Median

Dose, mg N mean (SD; CV%) Mean (SD; CV%) (min—max)
100 once daily 6 85.8(52.3; 61) 1,880(1,150; 61) 2(1-24)
200 once daily 6 160(115; 72) 3,670(2,130; 58) 2(2-48)
400 once daily 5 267 (239; 90) 7,450(8,530; 115) 4(4-4)
800 once dailyb 25 430(381; 89) 7,870(6,950; 88) 4(1-27)
1,000 once daily 11 322(258; 80) 7,400 (6,340; 86) 2(1-4)
1,500 once daily 9 376(199; 53) 12,600(7,110; 56) 4(2-24)
3,000 once daily 10 429 (237, 55) 11,800(11,200; 95) 2(1-8)
250 twice dailyb 14 150(111; 74) 3,220(2,320; 72) 2(1-4)
400 twice daily 8 334(300; 90) 7,530(7020; 93) 4(2-4)
750 twice daily 8 226 (180; 80) 6,920(7110; 103) 3(1-23)
Day 15, cycle 1

c Cmax, ng/mL AUCg_24 h, Ng _ h/imL® Tmaxs h?
Dose, mg n Mean (SD; CV%) Mean (SD; CV%) Median (min—max)
100 once daily 3 155(63.4; 41) 2,690(1,340; 50) 4(2-6)
200 once daily 5 269(163; 61) 5,920(3,890; 66) 4(0-6)
400 once daily 4 558 (286; 51) 10,200 (5,880; 58) 13(1-24)
800 once dailyb 20 840(457; 54) 12,800 (6,350; 50) 2(1-6)
1,000 once daily 8 1,230(1400; 113) 15,200(18,500; 122) 4(2-6)
1,500 once daily 8 1,320(657; 50) 27,400(14,300; 52) 5(2-24)
3,000 once daily 6 1,670(1050, 62) 24,600(8770; 36) 3(0-21)
250 twice dailyb 13 807(353; 44) 14,500 (4780; 33) 2(0-6)
400 twice daily 7 864 (333; 39) 13,800 (6390; 46) 2(0-8)
750 twice daily 8 1570(1020; 65) 26,900(17,300; 64) 4(0-8)
Abbreviations: AUCp—_168 h, area under the plasma concentration—time curve from time zero to 168 hours; AUCg_24 p, area under
the plasma concentration—time curve from time zero to 24 hours; Cmax, maximum plasma drug concentration; Tmax, time to reach
%nax. AUC_24 p, for twice-daily doses are calculated as 27ZAUCq_12 p.

’ Values are median (range) and arithmetic mean (SD; CV%) for all other parameters.

12. Bold values represent maximum tolerated dose for once-daily and twice-daily doses.
13 AUC analysis on cycle 1, day 15 included 3, 3, 4, 16, 6, 3, 4, 12, 5, and 6 patients from the 100, 200, 400, 800, 1,000,
1,500, and 3,000 mg once-daily and 250, 400, and 750 mg twice-daily dose cohorts, respectively.

include muscle spasms, dysgeusia, fatigue, and alopecia (3,
8).

Current understanding of the role for hedgehog signaling
suggests that the observed slowly evolving diffuse alopecia,
dysgeusia, and muscle-related events are likely mechanistic
on-target toxicities (21-23). SMO inhibitors have been shown
to induce muscle contraction and muscle fiber twitching in
primary human muscle cells, which is thought to be due
effects on calcium influx, thus providing a poten-tial
mechanism for the muscle spasms observed in patients treated
with sonidegib in this study (23). Reversible dose-limiting
creatine kinase elevation of skeletal muscle origin (based on
total creatine kinase/creatine kinase—myocardial B ratio)
occurred in 18% of patients across all doses (<10% at the
MTD, 800 mg once daily), with no evidence of cardiac
muscle injury. Overall, hyperCKemia (without evidence of
renal impairment) was reported in 46% of patients with

normal creatine kinase at baseline. Six patients with creatine
kinase elevation also had grade 3/4 increases in serum
transaminases without significant changes in other liver
function tests, thus suggesting skeletal muscle origin. High
drug exposure was associated with increased odds of grade
3/4 creatine kinase elevations (Fig. 1 and Supplementary Fig.
S3). Although resolution of creatine kinase levels was slower
than expected for the known half-life of creatine kinase, it was
not entirely consistent with the long half-life of sonidegib.
Some patients had resolution of creatine kinase despite
maintaining high drug concentrations. In addition, recurrence
was not observed on retreatment at a reduced dose. For the 3
patients with DLTs documented as rhabdomyolysis, creatine
kinase elevation resolved follow-ing discontinuation of
treatment with supportive care (sodi-um chloride or
furosemide in 2 of the 3 patients). Furose-mide was
administered as a precaution, apparently to boost
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Figure 2. Glioma-associated 0
oncogene homolog 1 (GLI1) fold
change and percent inhibition in
normal skin by dose cohort after
sonidegib treatment. GLI1
expression was analyzed in patient
skin specimens before and after
treatment with sonidegib. Fold
change from baseline was
determined and plotted by dose
cohort. Sonidegib treatment induced
a dose-dependent decrease in GLI1
expression. Dotted lines represent Ly r
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urinary output in 1 patient, although there was no evidence of
impaired renal function. Not surprisingly, there was no clear
relationship between the incidence of muscle cramps/ spasms
and hyperCKemia, as many patients experience muscle
cramps/spasms without creatine kinase elevation
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Figure 3. Responses in patients with BCC treated with sonidegib. A, IHC
of a 76-year-old male patient with BCC treated with 400 mg twice daily.
Histologically confirmed complete response was noted after 4 months of
treatment. Photographs (B) and IHC (C) of BCCs in a 55-year-old

male patient with Gorlin syndrome treated with 800 mg once daily.
Partial response was observed after 6 months. Circles in A highlight

the presence or absence of tumor tissue; arrows in A highlight

fibrosis.

following SMO inhibitor treatments (3, 8). Other drugs with
potential to cause toxic myopathy should be used in caution
with SMO inhibitors (24).

The underlying reason for the relatively long half-life of
sonidegib is unknown, although tight tissue and/or plasma
protein binding can be speculated. High-affinity protein
binding was also shown to contribute to the long half-life (>7
days) of the SMO inhibitor vismodegib—a methane-sulfonyl
benzamide identified in a high-throughput screen (25).
Sonidegib does not exhibit a time-dependent phar-macokinetic
profile. The drug accumulation pattern over time and extent of
accumulation at steady state are consis-tent with in vitro data
showing lack of induction or time-dependent inhibition of
CYP enzymes (10). Sonidegib displayed nonlinear
pharmacokinetics at higher doses, like-ly because of
solubility-limited absorption, and not because of dose-
dependent metabolism as shown by parallel decline of the
plasma concentration profile across the dose range. Solubility-
limited absorption also contributed to the non-linear
pharmacokinetics observed for vismodegib, however, slow
metabolic elimination was also a factor (25). Although twice-
daily dosing provided a higher systemic exposure than
equivalent once-daily doses, it did not seem to offer a
clinically meaningful advantage over the once-daily reg-imen
in this study. Therefore, the once-daily dosing regimen is
currently recommended for further studies with sonide-gib.
However, the twice-daily dosing regimen may be con-sidered
in situations where a faster time to steady-state systemic
concentration is desirable.

This proof-of-concept study demonstrated that sonidegib
induced target inhibition and antitumor activity at well-
tolerated drug exposures in patients with BCC and medul-
loblastoma, tumor types known to harbor activating muta-
tions (2). Sonidegib exhibited dose- and exposure-depen-dent
inhibition of GLI1 in tumor and normal skin biopsies. GLI1
inhibition at maximum drug exposure at steady state is
expected to be higher than that observed at the end of cycle 1.
Although GLII1 inhibition in other tumors was compa-rable to
BCC (Supplementary Fig. S4), no objective responses were
reported in these tumors. Similarly, GLI1
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stromal expression in a patient with rectal cancer treated with
saridegib in a phase I study was reduced (8); however, this
patient did not respond to treatment. The lack of response in
these patients is most probably because of differences in the
tumor dependency on hedgehog signaling (i.e., ligand-
dependent vs. ligand-independent). In the case of ligand-
dependent tumors, other factors and signaling pathways may
be involved in tumorigenesis—therefore, inhibition of
hedgehog signaling alone may not be enough to induce a
response. In phase I studies, both saridegib and vismodegib
caused a reduction in GLI1 levels in approxi-mately 74% of
normal skin biopsies analyzed (3, 8). Taken together, these
data suggest that GLI1 is an ideal marker for SMO inhibitor
therapy, but not a marker for tumor response. Molecular
alterations in other hedgehog pathway components in the
patients who responded are unknown as mutational analyses
were not conducted in this study; however, hedgehog pathway
activity was assessed using the 5-gene hedgehog signature
assay, an RT-PCR-based assay, in fresh-frozen paraffin-
embedded tumor samples—a strong association between
tumor response and activated hedge-hog pathway was
observed in patients with BCC and medulloblastoma (18, 19).

Similar responses in patients with advanced BCC (29%—
58%) have been observed in other phase I and II studies of
SMO inhibitors (3, 4). The wide range of responses in these
studies may be due in part to differences in patient popula-
tions and the methods of tumor evaluation across studies. In
particular, assessment of response in BCC is confounded by
the presence of residual scarring or fibrosis, making the
standard provisions of RECIST suboptimal.

To date, responses in medulloblastoma have been reported
only for sonidegib and vismodegib (3, 18, 26— 29).
Importantly, all responses occurred in patients with hedgehog-
activated medulloblastoma (18, 26-29). Com-plete and partial
responses have been observed in patients with
medulloblastoma in our study and in a phase I/Il study of
sonidegib in children with tumors thought to be depen-dent on
hedgehog signaling (phase I) and children and adults with
hedgehog-activated medulloblastoma (18). A dramatic but
transient regression of systemic metastatic disease (primarily
in the bone) was observed in an adult patient treated with
vismodegib in the first-in-man phase I study and 3 of 20 adult
patients achieved sustained responses in a phase II study in
recurrent medulloblastoma (3, 27, 28). Antitumor activity was
also observed in 1 pedia-tric patient with hedgehog-activated
medulloblastoma treated with vismodegib in a phase I study
(29).

In conclusion, sonidegib treatment at the MTD of 800 mg
daily and 250 mg twice daily was well tolerated and dem-
onstrated dose- and exposure-dependent target inhibition. The
antitumor activity in BCC and medulloblastoma and
mechanism-based toxicities observed demonstrate that
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En los estudios de determinacidn de perfil de expresidn génica se han identificado cuatro subgrupos
moleculares de meduloblastoma entre los que se incluye uno caracterizado por la activacién de la
sefializacion de Hedgehog (Hh). Aunque en este estudio hemos demostrado la actividad de los
inhibidores de la via Hh como sonidegib (LDE225) en pacientes con meduloblastoma, actualmente
no existe ningin método estandar para la identificacién de los subtipos moleculares de en esta
enfermedad, y los métodos actuales de clasificaciéon de pacientes no son validos en el contexto de
los estudios clinicos: los métodos de determinacion del perfil génico precisan muestras tumorales de
gran tamafio y no son eficaces con tejido fijado en formol e incluido en parafina. Del mismo modo,
para la preseleccidon de pacientes mediante secuenciacion génica directa es necesario realizar un
cribado mutacional de genes de la via Hh, como PTCH1 y SMO que resultan ser de gran tamafio y
complejidad, ya que no disponen de puntos calientes donde se acumulen las mutaciones. Ademas,
la correlacién entre el estado mutacional y la activacién de la via no esta clara, dada la observacion

de casos de meduloblastomas con SHH activado en ausencia de mutaciones de la via Hh.

En el articulo descrito en el anexo 2, describimos el desarrollo de una prueba de firma génica en la
gue se analiza la expresién de cinco genes mediante RT-PCT para identificar pacientes con
meduloblastoma con la via Hh activada. Observamos que esta firma estaba asociada a la respuesta a
tratamiento con sonidegib, lo que llevd a su aplicacion como herramienta de preseleccidn de

pacientes en un ensayo clinico fase Il posterior.
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4.2 Resultados y discusion

4.2.1 Seguridad de Sonidegib y marcadores farmacodinamicos de la inhibicion de la via

La administracion oral continuada de sonidegib mostré poseer un perfil de seguridad aceptable. Los
efectos secundarios derivados del tratamiento se pudieron tratar y revertir tras la interrupcion del
mismo. Los efectos secundarios mas habituales (en mas del 10% de los pacientes) fueron los

espasmos musculares, disgeusia, fatiga y alopecia.

Se observé una elevacién de creatina quinasa (CK) de origen musculo-esquelético (basada en el
indice total CK/CK-MB) en el 18% de los pacientes con todas las dosis (pero en < 10% de los
pacientes en la dosis maxima tolerada, 80 mg una vez al dia). La elevacion de CK sin evidencia de
insuficiencia renal ("hyperCKemia™) se produjo en = 46% de los pacientes y la exposicidn a altas dosis
del farmaco se asocié a una mayor probabilidad de experimentar una elevacién de CK de grado 3/4.
Aunque también se observaron espasmos musculares, no se identificé una correlacién clara entre

éstos y la hyperCKemia.

Algunos de estos efectos secundarios, como la alopecia, la disgeusia y los espasmos musculares
probablemente son toxicidades especificas de los inhibidores de SHH(122, 123), ya que la mayoria
de ellos también se han dado en estudios de fase 1 con otros inhibidores de SMO en pacientes con

tumores sélidos avanzados(123, 124).

El periodo de semidesintegracion de sonidegib demostro ser prolongado, probablemente debido a la
fuerte unidn de las proteinas en los tejidos y/o el plasma, y a la ausencia de induccidn o inhibicion

dependiente del tiempo de las enzimas CYP.

Demostramos que sonidegib inducia la inhibicién de la diana molecular mediante la inhibicién dosis-
dependiente de GLI1 en biopsias tumorales y cutdneas. A pesar de la inhibicién de GLI1 observada

en los tumores, no esperdbamos que ésta estuviera directamente correlacionada con la respuesta
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tumoral, debido a las diferentes dependencias que los tumores muestran con respecto a la
sefializacion de Hh (esto es, ligando-dependientes frente a ligando-independientes). En el caso de los
tumores ligando-dependientes, puede que otros factores y vias de sefalizacién participen en la
tumorigénesis, y la inhibicién de la sefalizacidn Hh por si misma puede no ser suficiente para inducir
una respuesta. En resumen, GLI1 parece ser un marcador ideal de la inhibicién de SHH en las

terapias de inhibicién de SMO, aunque no es util como marcador predictivo de respuesta tumoral.

4.2.2 Estudio de fase | de la eficacia y predictores de eficacia y firma de cinco genes.

En el estudio fase | (seccién 4.1) se observd un prometedor efecto antitumoral en pacientes con
carcinoma de células basales (una respuesta completa y cinco respuestas parciales) vy
meduloblastoma (dos respuestas parciales y una respuesta parcial metabdlica), unos tipos de cancer
gue presentan activacion de la via Hh. Se desconocen las alteraciones moleculares que pudieran
presentar los componentes de la via Hh en los pacientes incluidos en este estudio de fase |, ya que
no se realizaron analisis mutacionales completos. La razén es que se considerd que la via Hh podria
activarse a través de diferentes mecanismos y que el analisis mutacional completo en muestras en
parafina no era factible debido a su complejidad, esto es, por la multitud de genes de gran tamafio

implicados, como PTCH, SMO y SUFU, sin puntos calientes claros (base de datos COSMIC(125)).

En cuanto al desarrollo clinico posterior de Sonidegib y la seleccidon de pacientes en subsiguientes
estudios, el caso del meduloblastoma parecia mas complicado que el del carcinoma basocelular. En
este Ultimo la seleccion en base a la histologia bastaria, ya que se ha sabe que el 90% de los
carcinomas basocelulares presentan mutaciones en la via SHH que inducen la activacién ligando-
independiente de la via. Sin embargo, en el caso del meduloblastoma, estas mutaciones solo estdn
presentes en una fraccion de pacientes (alrededor del 25%) y aunque el perfil de expresién génica

revela que hasta el 30% de los meduloblastomas tienen la via Hh activada(126-128), no existe una
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correlacién clara entre la firma genética de SHH y las mutaciones en los genes PTCH1, SMO vy

SUFU(129).

Otros estudios, como un estudio con sonidegib en adultos asidticos (NCT01208831), un estudio de
sonidegib en nifios (NCT01125800) y varios estudios de vismodegib en pacientes adultos vy
pedidtricos, también hallaron actividad preliminar de los inhibidores de SHH en algunos pacientes
con meduloblastoma(130). Esta actividad antitumoral, afiadida a las limitaciones implicitas en el uso
de analisis mutacionales o analisis de expresidn génica mediante Affymetrix para la preseleccién de
pacientes, nos llevé a colaborar con otros centros para desarrollar un ensayo en el que se empleara
RT-PCR (reaccidén en cadena de la polimerasa de transcripcidon reversa) y que fuese valido para

muestras tumorales conservadas en parafina.

Como se indica en el articulo "Desarrollo de una firma de cinco genes de la via Hedgehog como
herramienta para la preseleccion de pacientes para terapia con inhibidores de Hedgehog en el

meduloblastoma", descrito en el anexo 2, aplicamos el enfoque por etapas descrito a continuacion:

1. Desarrollo de la prueba de firma de cinco genes de la via Hh

a. Seleccién de genes candidatos: analisis combinado de tres conjuntos de datos

publicos de meduloblastoma.

b. Optimizacidon de la prueba: seleccién de genes diana con expresiones diferenciales
en pruebas RT-PCR, optimizadas para muestras fijadas en formalina y conservadas

en parafina.

c. Construccién del modelo: construcciéon de un modelo multigenético predictivo
mediante el método elastic net empleando 40 muestras tumorales fijadas en

formalina y conservadas en parafina.

2. Validacion independiente de la prueba de firma de cinco genes de la via Hh
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a. Concordancia entre el estado de la via Hh determinado mediante el perfil de
expresion génica (usando la plataforma de Affymetrix) y prueba de firma de cinco
genes de la via Hh, en muestras pareadas frescas/fijadas en formalina y conservadas

en parafina.

3. Validacidn clinica de la prueba de firma de cinco genes en la via Hh

a. Los datos clinicos y las biopsias de los tumores de pacientes con meduloblastoma
recurrente de tres estudios de fase | fueron usadas para la validaciéon clinica: el
estudio X2101, realizado en adultos con tumores sélidos avanzados aqui descrito
(NCT00880308), el estudio X1101, en adultos asiaticos con tumores sélidos
avanzados (NCT01208831), y el estudio X2104, en nifios con tumores sélidos

avanzados (NCT01125800).

La prueba de firma de cinco genes (que finalmente incluyé a GLI1, SPHK1, SHROOM?2, PDLIM3 y
OTX2) resulté extremadamente efectiva, con un 100% de concordancia con el perfil obtenido por
Affymetrix, e identificando que la via de sefializacion Hh en los tumores de los seis pacientes que
respondieron a sonidegib se encontraba activada, e identificando como no activada la via Hh en los
tumores de los pacientes que no respondieron a tratamiento. Con la excepcion de GLI1, el resto de
genes identificados no habian sido identificados antes con la sefializacién candnica de SHH. Sin
embargo OTX2 si es un conocido gen con expresion alterada en meduloblastomas. Partiendo de
estos resultados, actualmente se esta realizando un estudio clinico en el que se estan testando tanto
el test como el farmaco (NCT01708174), siguiendo las directrices de la FDA para el desarrollo
simultdneo de farmacos y biomarcadores(131). En este estudio, pacientes con meduloblastoma

SHH+ (en base al test de 5 genes), se randomizan a temozolamida o sonidegib.

No obstante y ante los espectaculares avances tecnoldgicos que actualmente se estan

produciendo(132), hoy en dia el panomama parece haber cambiado. Cabe cuestionarnos si hoel
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empleo de plataformas de secuenciacion de préxima generacidn, capaces de secuenciar de 50 a 200
genes en muestras fijadas en formalina y conservadas en parafina, podrian capturar la mayoria de
los tumores con la via de sefializacion Hh activada(133). Seria interesante estudiar si una prueba de
expresion genética como la aqui descrita es mds efectiva a la hora de predecir la sensibilidad del
tumor a los inhibidores de SHH que un analisis mutacional realizado con plataformas de

secuenciacidn de segunda generacidon como las disponibles hoy en dia.

4.3 Conclusiones y lineas de investigacion de seguimiento

Los resultados de este estudio de fase 1y el desarrollo de una prueba para la seleccidn de pacientes
con meduloblastoma suponen una aportacién a las recintes experiencias clinicas con inhibidores de

la via Hh en pacientes oncolégicos.

En nuestro estudio, demostramos que sonidegib (LDE225) bloquea la via Hh mediante la seleccidn
selectiva de los receptores Smoothened, mostrando un perfil de seguridad aceptable y una
inhibicién de la diana dependiente de la exposicion. Esto se traduce en un efecto antitumoral
clinicamente relevante en pacientes con carcinoma de células basales avanzado o metastasico y
meduloblastoma en recidiva. El test capaz de determinar una firma de cinco genes en la via Hh
demostré una fuerte asociacién entre la respuesta tumoral y la activacidon de la via Hh en el
meduloblastoma, lo cual avala su uso en la seleccién de pacientes en futuros estudios. Partiendo de
estos datos, actualmente se estan realizando ensayos clinicos con sonidegib como agente Unico en
pacientes con carcinoma de células basales y con meduloblastoma con la via Hh activada, y

empleado en combinacidn con otros agentes en pacientes oncoldgicos (ver anexo 3).

En el caso del meduloblastoma, a diferencia del carcinoma basocelular, la seleccion de pacientes
mediante criterios histoldgicos no se considerd eficiente. Y, en contraste con otros casos donde el
analisis mutacional fue considerado factible (Tabla 1), en este estudio desarrollamos una firma

molecular que se pudiera trasladar al contexto clinico. El empleo de muestras de pacientes tratados
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previamente en estudios de fase | como el descrito aqui resultod ser clave para la validacién clinica de
la prueba. La innegable utilidad clinica de esta prueba a la hora de analizar las muestras de estos
pacientes desembocod en el traslado de la prueba y el fdrmaco directamente a un estudio de fase Il

(esto es, de un estudio de fase | a un estudio de fase lll), acelerando asi el desarrollo del farmaco.

Nuestra experiencia en el desarrollo clinico precoz de farmacos, en la realizacién de estudios de fase
|y en la aplicacidn de estrategias de combinacidn asi como en la experimentacion con inhibidores de
PI3K y SHH en concreto, unido a algunos datos preclinicos obtenidos nos alentd a proponer un
estudio de fase | en el que se combinara Buparlisib con Sonidegib. Existian varias razones por las que

combinar un inhibidor de PI3K (como Buparlisib) con un inhibidor de SHH (como Sonidegib):

e Atacar varias vias para obtener un efecto sumatorio, y quizd un efecto sinérgico, al inhibir
simultdneamente las vias de PI3K y SHH en tipos de tumores en cuya carcinogénesis estén
implicadas ambas vias (por ejemplo, el glioblastoma y el meduloblastoma(70, 134, 135)), asi
como ampliar la cantidad de tipos de tumores tratables, ya que con este método se pueden

atacar dos poblaciones celulares distintas.

e \Vencer a los mecanismos conocidos de resistencia. En el meduloblastoma, donde las
alteraciones de SHH son causa del tumor, se ha observado que tras la inhibicion de SMO, las

células tumorales hiperactivan la via PI3K como mecanismo de resistencia(136).

e las células madre cancerosas son una subpoblacién de células que muestran un fenotipo
relacionado con las células madre embridnicas. En la ultima década se han descrito los
mecanismos moleculares subyacentes en la carcinogénesis en el cancer y la autorrenovacion
en las células madre y las principales vias de sefalizacidon implicadas tanto en las células
madre cancerosas como en las embridnicas parecen ser las vias SHH, PI3K/AKT, Notch, Wnt y

TGF-B, entre otras. Inhibiendo dos de las principales vias de sefializacidon de células madre
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cancerosas, se espera obtener un efecto sinérgico en esta extremadamente importante

poblaciéon de células tumorales.

Partiendo de esta sdlida justificacidn para el uso combinado de Buparlisib y Sonidegib, propusimos la
realizacion de un ensayo clinico de fase Ib iniciado por un investigador para determinar la(s) dosis
maxima(s) tolerada(s) de Buparlisib y Sonidegib en combinacién, cuando son administrados
oralmente a pacientes adultos con tumores sélidos avanzados seleccionados (con especial hincapie
en el glioblastoma y el meduloblastoma), y evaluar la actividad antitumoral preliminar de dicha
combinacidn. Ante el interés de la propuesta, Novartis Pharmaceuticals acepté financiar el ensayo,
asi como implementar esta idea en un estudio internacional multicéntrico de fase Ib (NCT01576666).
Los resultados de este estudio, pendientes de publicacién, se presentaron en el congreso ESMO

2014.
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5. Conclusiones

5.1 Los estudios de fase I como entorno para probar hipdtesis y realizar

ensayos en poblaciones de pacientes seleccionados molecularmente.

Las recientes alteraciones gendmicas descubiertas, subyacentes en los fenotipos malignos, unidas a
un mayor repertorio de agentes dirigidos han abierto un abanico de oportunidades para el
desarrollo de fdrmacos basado en criterios gendmicos. La capacidad para obtener el perfil molecular
de cada pacientes para identificar aberraciones tratables de forma rentable y precisa mediante el
uso de tecnologias de alto rendimiento planea un sinfin de posibilidades a la hora de intentar
seleccionar la mejor terapia en base al estatus molecular (emparejar alteracién molecular y terapia)
y usar terapéuticas en una poblacidén de pacientes seleccionados(137). Aprovechar los avances en el
disefio y ejecucidn de las investigaciones clinicas, pasando de las terapias basadas en la histologia de
los tumores a la oncologia clinica molecular es una forma de hacer frente a la elevada tasa de

renuncia en los ensayos orientados al desarrollo de nuevos agentes antitumorales(138, 139).

Desde esta perspectiva, la prueba precoz de hipdtesis, en estudios de fase I, con el uso de
biomarcadores de seleccién (aberraciones moleculares concretas que pueden predecir la respuesta
tumoral) pueden demostrar la prueba de concepto y avalar posteriores investigaciones con un

farmarco o diana molecular concreta en poblaciones de pacientes que mas se puedan beneficiar.

Con el fin de optimizar el potencial beneficio clinico para cada paciente, en nuestra institucion
hemos desarrollado un programa interno de preseleccién molecular, abogando por un programa de
analisis molecular local, multiplexado, optimizado para su propdsito, con el fin de facilitar la toma de
decisiones terapéuticas en pacientes que se estén planteando participar en un estudio, y reclutar a
aquellos pacientes con mayor probabilidad de obtener beneficio clinico de cada terapia en estudio

("emparejar pacientes con ensayos"). Mediante esta estrategia, los estudios de fase | con agentes
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dirigidos molecularmente son utilizados para la prueba temprana de hipdtesis empleando

biomarcadores, lo cual acelerara el desarrollo de nuevos farmacos.

Tal como se indica en este estudio, los datos obtenidos en estos estudios de fase | resultaron clave

para el desarrollo de Pilaralisib, Buparlisib y Sonidegib:

De este modo, pudimos demostrar que el tratamiento ya sea con Pilaralisib o con Buparlisib
es seguro y tolerable a dosis suficientes para inhibir la via de sefalizacién PI3K. Asi lo
demostraron marcadores farmacodindmicos como los marcadores metabdlicos (insulina,
péptido C, imagenes de PET) y los biomarcadores de sefalizacion celular analizados en
tejidos vicarios (surrogate tissue) como piel (Buparlisib y Pilaralisib) y cabello (Pilaralisib), asi

como especimenes de biopsias de tumores (Pilaralisib y Buparlisib).

En nuestros estudios hemos demostrado que tanto Pilaralisib como Buparlisib (asi como
otros inhibidores de PI3K incluidos en nuestro programa de desarrollo clinico precoz de

farmacos) tiene una considerable actividad antitumoral.

o Estas observaciones permitieron seguir investigando con inhibidores de PI3K en

estudio de fase Ib, Il y lll con multiples histologias (Anexo 3).

Una estrategia de analisis molecular extextenso orientada al paciente es viable y avala el

desarrollo de un programa de Medicina Gendmica (anexo 4).

La actividad antitumoral de los inhibidores de PI3K no parece estar correlacionada con las
mutaciones de PIK3CA, lo que contradice multitud de datos preclinicos publicados, al menos

en el caso de los inhibidores de PI3K/mTOR y inhibidores pan-PI3K.

o Esta observacién desencadend un importante cambio en la estrategia aplicada en el
desarrollo de farmacos inhibidores de PI3K. Por un lado, nuestras observaciones

sugieren que el andlisis solo de mutaciones de PIK3CA como Unico elemento
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activador de la via es simplista y reduccionista, por lo que se generando multiples
estudios mds exhaustivos de las alteraciones de la via. Por otro lado, multiples
ensayos clinicos posteriores cambiaron de estrategia y se centraron en poblaciones
de pacientes no seleccionados con la esperanza de estudiar de forma retrospectiva
las alteraciones de la via (lo que implica el pasar de la estrategia 2 a la 1 segln

descrito en la Introducciodn).

Sonidegib bloquea la via Hh mediante la seleccién selectiva de los receptores Smoothened,
mostrando una inhibicidon de la diana dependiente de la dosis. Esto quedé demostrado al

producirse una reduccién de la expresidon de mRNA en el gen GLI1 en piel y tejido tumoral.

Los pacientes presentaron buena tolerancia al tratamiento con sonidegib, que mostré
actividad preliminar en pacientes con cancer avanzado, especialmente en el caso del

carcinoma basocelular y el meduloblastoma.

Pudimos desarrollar un test que permita evaluar, mediante la determinacion de una firma
de cinco genes, la activacion de la via Hh. La utilidad clinica de esta firma para detectar
pacientes que se puedan beneficiar de sonidegib quedd demostrada con los datos obtenidos

en el estudio de fase I.

o Esta observacién permitié pasar rapidamente de un estudio de fase | a un estudio de
fase Ill donde actualmente se estan evaluando tanto la prueba como la actividad del

farmaco en el meduloblastoma (NCT01708174).

La experiencia del programa de preseleccién molecular mediante MassArray, asi como con
el desarrollo de ambos tipos de inhibidores (de PI3K y SHH) resultaron clave a la hora de
adaptar las nuevas plataformas de secuenciacion de préxima generacidn en nuestro

programa de prescrening molecular. Asi, hoy en dia podemos determinar con mayor
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eficacia el perfil de alteraciones moleculares complejas que pueden servir como marcadores

predictivos de sensibilidad a agentes dirigidos.

5.2 Evolucion del programa de prescreening molecular fundamentada en las

experiencias aqui descritas

Ideamos un programa de analisis molecular para identificar las posibles dianas terapéuticas
asociadas a la vulnerabilidad del tumor como proceso dinamico y poliédrico. El proceso comenzaria
identificando los estudios clinicos y las dianas terapéuticas (por ejemplo, inhibidores de PI3K)
disponibles en nuestro Programa de Desarrollo Clinico Precoz de farmacos para los pacientes, asi
como las alteraciones que influyen en la sensibilidad tumoral y que pueden ser analizadas
(mutaciones de PIK3CA, pérdida de funcion del gen PTEN...). Conforme la tecnologia y el
conocimiento vayan avanzando, se irian identificando nuevos mecanismos de vulnerabilidad o
resistencia tumoral a un farmaco dirigido concreto (como las mutaciones KRAS concomitantes) y se
introducirian nuevas plataformas diagndsticas, junto con nuevas dianas y ensayos clinicos [24]; de

este modo, nuestro programa iria incorporandolos, redisefidndose en ciclos repetitivos.

A medida que el niumero de variantes genéticas clinicamente relevantes ha aumentado, y el
progreso en las plataformas gendmicas, hemos pasado de evaluar mutacién a mutacion, a llevar a
cabo evaluaciones multiplexadas en regiones genéticas calientes (hot spots) en multiples genes del
cancer (usando, por ejemplo MassArray). En nuestro caso, sosteniamos la idea de que las
instituciones académicas deberian invertir en el desarrollo, evaluacidon e implementacién de la
biotecnologia, para que el actual paradigma de diagndstico molecular (una prueba, un farmaco)
pudiera ser sustituido por el uso de tecnologias multiplexadas de genotipado que ayuden a optar

entre mutliples alternativas terapéuticas.

Inicialmente, comenzamos empleando la plataforma MassARRAY para la labor de preseleccidn, ya
gue ésta requiere muy poco tejido, se puede realizar con rapidez y resulta menos costosa. Conforme

fuimos avanzando, nos dimos cuenta de que con MassARRAY no se pueden evaluar lesiones
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importantes relativas a los genes supresores tumorales, ya que al poderse dar en cualquier parte del
gen, no Unicamente en los puntos calientes, estas plataformas son insuficientes. Ademas, estas
plataformas no capturan las deleciones, amplificaciones y traslocaciones génicas, que podrian ser
importantes factores predictivos de sensibilidad también. Los dos casos de resistencia secundaria a
los inhibidores de PI3K aqui descritos, donde se encontraron alteraciones en genes que no seriana
analizables con MassArray ejemplifican esta situaciéon. De este modo, y a diferencia de las
plataformas como la de MassArray, identificamos que las estrategias de secuenciacién masiva en
paralelo proporcionarian un andlisis genémico mas completo del tumor, e incluirian el nimero de
copias del genoma y reordenamientos estructurales. Estas plataformas, al aumentar la profundidad
de covertura mejorarian la precision en la deteccién de mutaciones, especialmente en muestras con
poca celularidad tumoral o con multiples subclones tumorales(92, 140). Junto con el cada vez mayor
numero de genes y tipos de alteraciones gendmicas susceptibles de ser utilizadas como dianas de
terapias experimentales, la disminucion del coste de las tecnologias de secuenciacién de préxima
generacién hacen planteable su uso para la caracterizacion mas completa de numerosas

aberraciones gendmicas tumorales(132).

En base a esta experiencia, actualmente hemos pasado del analisis basado en la espectometria de
masas (MassArray) a una estrategia de secuenciacidn personalizada por Amplicon, permitiendo un
diagndstico molecular mas preciso y adaptado a la era contempordnea de las terapias dirigidas. La
experiencia con los dos proyectos aqui presentados ha resultado util para desarrollar un programa
de preseleccion de segunda generacion basado en la secuenciacién de préxima generacion.
Actualmente, al emplear estrategias basadas en la identificacion de aberraciones, podemos
secuenciar un panel personalizado de 50 genes que permita la deteccidon de todos los genes que
podrian ser indicadores de sensibilidad y resistencia tumoral a PI3K (incluyendo PTEN, PIK3CA, AKT,
TSC1, TSC2...), e inhibidores de SHH (PTCH, SMO, SUFU...), entre otros. A este panel de analisis de

mutaiones, hemos anadido un panel para determinar la presencia de alteraciones en el numero de
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copias genéticas y otro para determinar translocaciones gendmicas, ambos usando la tecnologia de

nCounter (Nanostring).

Un beneficio afiadido del esfuerzo de analizar las muestras tumorales y realizar el reclutamiento de
pacientes seleccionados conforme a los marcadores predictivos candidatos es que la obtencidn
precoz de datos clinicos pueda impulsar enormemente la investigacién traslacional. Reconociendo
las limitaciones de los modelos tumorales preclinicos y su baja predictibilidad, los datos clinicos en el
mejor escenario posible (como el tratar pacientes que presenten un tumor con el PIK3CA mutado
con inhibidores de PI3K) permitira redirigir investigaciones preclinicas y traslacionales en la direccién
correcta. Conocer dichas limitaciones proporcionard un mayor conocimiento de la via, asi como de
los mecanismos de resistencia clinicamente relevantes (al analizar el estado mutacional de los
pacientes que no respondan a tratamiento) y de las terapias combinadas pertinentes. A este
respecto, los datos y las muestras clinicas de los pacientes que participaron en lel programa de
prescreening molecular paralelo al desarrollo de los estudios con inhibidores de PI3K permitieron la
realizacion de las colaboraciones cientificas, como las anteriormente descritas en cancer de mamay

colon (véase tabla 11 en Anexo 1).

5.3 Estudios clinicos en el area de la Medicina Genomica

La nueva era de la Medicina Oncdlogica de Precisidn, auspiciada por el empleo de una serie de
biomarcadores para guiar el tratamiento con agentes dirigidos (tal vez en un pequefio subconjunto
de pacientes), requiere de la adaptacion de disefios de ensayos clinicos, asi como de la colaboracion
internacional. Estos disefios de ensayos clinicos para el diagnéstico y tratamiento del cancer deben
tener en cuenta una serie de limitaciones (como la frecuencia del biomarcador, el coste y tiempo de
respuesta del analisis, entre otros), con el fin de incorporar los datos genémicos de manera eficaz y
dindmica y evaluar la utilidad de asociar a los pacientes cuyo perfil molecular haya sido determinado

con intervenciones o terapias dirigidas concretas.
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Dado que las investigaciones de nuestra institucion estan enfocadas al desarrollo clinico precoz de
farmacos para terapias dirigidas, y fundamentdndonos en la experiencia adquirida con programa de
preseleccién molecular para los inhibidores de PI3K, hemos desarrollado una cartera de ensayos de
Medicina Gendmica (Anexo 4) que son el resultado de la fructifera colaboracion entre las
instituciones académicas y la industria. Seguln su disefio, estos ensayos de Medicina Gendmica se

pueden clasificar en diferentes categorias:

e Bases de datos clinicos y genédmicos y estudios longitudinales de cohortes con estudios de
casos y controles anidados (Anexo 4A): Actualmente, en nuestra institucion determinamos
prospectivamente el perfil de una gran nimero de pacientes, con el fin de crear una cohorte
longitudinal caracterizada molecularmente y con anotaciones clinicas. Se trata de una
estrategia inclusiva, en la que se criban las dianas susceptibles de ser tratadas en todos los
pacientes, independientemente del tipo de cdncer que padezcan. De este modo, los
pacientes se convierten en "donantes de informacién gendmica" y estas bases de datos
(donde, en contraposicion con las bases de datos COSMIC o el Cancer Genome Atlas, la
mayoria de los pacientes presentan enfermedad refractaria(14, 141)), aportan valiosos datos
relativos a resultados clinicos. Asi, estas bases de datos proporcionan informacion real sobre
las dianas mds relevantes en nuestra area, sobre la que sustentar los planes de investigacion
clinica. A los los pacientes con aberraciones moleculares concretas también se les ofrece
participar en ensayos clinicos donde recibir tratamiento con agentes dirigidos asociados a

alteraciones concretas o con farmacos ya aprobados.

e Estudios independientes de histologia (histology-agnostic), especificos de alteracion
(Anexo 4B): En este marco, los pacientes con diferentes histologias tumorales pero con la
misma aberracion molecular son incluidos en un ensayo clinico donde reciben una terapia
dirigida contra dicha aberracidn y cuyo principal criterio de valoracién es la eficacia. Estos

ensayos son flexibles, de modo que el reclutamiento de pacientes se puede extender a todos
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los pacientes con tipos de tumor que hayan demostrado sefiales iniciales de actividad
antitumoral, o bien se pueden excluir aquellos tipos de tumor donde no se haya observado
respuesta preliminar con los primeros pacientes. En caso de que se realicen nuevos

descubrimientos, se pueden afiadir mas cohortes con otros tipos de tumor.

e Estudios de resistencia: Disefio de ensayo secuencial con inclusion no aleatorizada de
pacientes y realizacién de repetidas biopsias Los pacientes son seleccionados conforme a un
biomarcador concreto y tratados segun dicho marcador. En caso de recidiva, en la segunda
parte del estudio se utilizan los biomarcadores putativos identificados en las biopsias
tumorales repetidas con el fin de dirigir la terapia, que podran ser un farmaco de segunda

generacién o una combinacién de agentes dirigidos (Anexo 4C).

e Diseiio de ensayo clinico “N-de-1” (Anexo 4D): El disefio “N-de-1” es una prometedora
estrategia para investigar el valor de una terapia oncolégica individualizada, en pacientes
con aberraciones moleculares raras, independientemente del tipo de tumor que padezcan.
Cada paciente es utilizado como su propio control y se compara el efecto de la actual
combinacion terapéutica farmaco-aberracion con el efecto de la anterior terapia recibida. El
estudio Winther es un ejemplo de disefio "“N-de-1” modificado; en él se estan empleando
una serie de avanzadas tecnologias de determinacion de perfil molecular para caracterizar
de forma exhaustiva los eventos oncogénicos en pacientes con diferentes tipos de cancer
(Anexo 4E). En el ensayo se compara la supervivencia sin progresion de los pacientes
tratados segun el perfil molecular de su tumor con los resultados obtenidos en el

tratamiento inmediatamente anterior a la inclusion en el estudio.

5.4 Controversias y dificultades del desarrollo clinico precoz de fairmacos

basado en el empleo de biomarcadores

125



Como se ha podido comprobar en el caso de las mutaciones de PIK3CA con los inhibidores de PI3K y
las mutaciones de PTCH en el meduloblastoma y los inhibidores de SHH, la cuestidon fundamental con
respecto a cualquier alteracién individual (esto es, si se trata de un evento indicador importante),
normalmente aun no se ha resuelto cuando se inicia el desarrollo clinico de un farmaco. Una
importante limitacion es la carencia de tests plenamente validados y reproducibles que puedan ser
realizadas en laboratorios debidamente certificados que funcionen conforme a las Clinical
Laboratory Improvement Amendments (CLIA) o las Buenas Practicas de Laboratorio Clinico (GLCP) de
la OMS. Conseguir validar los tests antes de iniciar el desarrollo de un farmaco podria retrasar todo
el proceso. Alternativamente, si se optara por no seleccionar a la poblacién correcta de pacientes y
tratar un grupo de pacientes al azar, se podria perder el beneficio del fdrmaco a causa del efecto de
"dilucion". Ademas, si se seleccionara el biomarcador erréneo, los posibles efectos beneficiosos del

agente dirigido en una poblacidn de pacientes menos especifica se perderia.

Con el fin de evitar esto, se ha propuesto un proceso paralelo y simultaneo para el desarrollo clinico
de farmacos oncoldgicos y de biomarcadores predictivos: en los ensayos clinicos de fase |, donde la
seleccién de pacientes se suele fundamentar en la mejor estimacion ("the best guess"), los
biomarcadores farmacodindmicos deben seguir unos criterios muy rigurosos a la hora de definir la
"prueba de mecanismo", mientras que se pudieran usar estandares menos estrictos para los
biomarcadores predictivos usados para la seleccién de pacientes (46, 142) en estas fases. En
estudios clinicos mas avanzados (estudios fase Il y lll, sobretodo los de registro), se podrian usar

estandares mas estrictos.

En este trabajo hemos podido ver como la via PI3K quedaba claramente inhibida al usar las dosis
biolégicamente déptimas, que se definieron empleando varios marcadores farmacodindmicos. Del
mismo modo, la terapia con Sonidegib, asi como el empleo de la expresién del gen GLI1 en la piel
resultaron utiles a la hora de definir una dosis biolégicamente activa para la inhibicién de la via de

SHH. Por otro lado, las mutaciones de PIK3CA fueron analizadas en nuestros laboratorios para
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comprobar su valor predictivo en los tratamientos con inhibidores de PI3K, revelando que el mero
analisis de este biomarcador no era suficiente. Igualmente, la selecciéon segun el tipo de tumor,
como el meduloblastoma, no fue suficiente a la hora de seleccionar a aquellos pacientes que mas se
podrian beneficiar de los inhibidores de SHH, aunque los datos aportados por los estudios de fase |
permitieron el desarrollo de una prueba de firma de cinco genes que si podia ayudar a seleccionar
eficazmente a los pacientes que se podias beneficiar del tratamiento. Estos dos esfuerzos
demuestran que los estudios de fase | y el empleo de biomarcadores de seleccién aceleran el

desarrollo de famarcos al ayudar a tomar las decisiones sobre si administrar o no un tratamiento.

Lo que sabemos hasta ahora sobre el cancer nos ha ensefiado que los tumores son entidades
complejas y a la Medicina Gendmica le restan muchos obstaculos por superar. El descubrimiento de
la heterogeneidad de los tumores, asi como la rapida adquisicidn de resistencia a los agentes Unicos
observada en multiples casos son sol una muestra de algunos de estos obstaculos. El analisis
detallado del genoma del cancer en toda su complejidad, asi como la heterogeneidad intertumoral e
intratumoral han revelado diferencias topograficas, temporales y funcionales en las mutaciones, las
variaciones en el nimero de copias de los cromosomas y las firmas de expresidén génica(143). En
algunos casos, la presencia de un biomarcador puede no ser representativa de la enfermedad en su
conjunto, mientras que en otros observamos aberraciones ubicuas inductoras de alteraciones que se
mantienen durante el avance del cancer. En el cancer colorrectal y el NSCLC, por ejemplo, existe una
elevada concordancia entre las mutaciones de KRAS y EGFR entre el tumor primario y la metastasis
en estadios avanzados(144, 145). Junto con la heterogeneidad en las alteraciones, también se
empieza a observar en muchos tipos tumorales una “evolucidon convergente”, es decir la activacidn
de una serie de vias moleculares, siguiendo unos patrones, mas usando mutaciones diversas. Es
decir, diferentes alteraciones moleculares en diferentes genes darian lugar a similares efectos

biolégicos, activando las mismas vias moleculares.
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La resistencia a la terapia podria deberse a la presencia de una sefializacion paralela a través de bien
retroalimentaciones negativas adaptables o de receptores tirosina quinasas con aberraciones
existentes (resistencia primaria(146)) o ser adquirida a causa de la presion terapéutica (resistencia
secundaria(147)), mediante una respuesta adaptativa (pérdida de la diana, seleccién de subclones
resistentes, activacion paralela de otra via de sefalizacién). Una forma de abordar Ia
heterogeneidad de los tumores y la aparicion de resistencia es realizando una biopsia de la recidiva
con el fin de detectar tanto las mutaciones adquiridas como aquellas alteraciones
infrarepresentadas en el tumor original y que aumentaron posteriormente durante la progresion o
con la seleccidn del tratamiento. Dado que la obtencién de multiples biopsias es costoso y conlleva
riesgos, también se estdn intentando identificar otras alternativas como el andlisis de células o DNA
tumoral circulante(148). Si se demuestra que estos marcadores no invasivos reflejan con exactitud el
espectro y frecuencia de las aberraciones presentes en las multiples lesiones micrometastdsicas
ocultas y que son predictivos de respuesta a terapia con agentes dirigidos concretos, estas
estrategias no invasivas se podran utilizar para el tratamiento y la seleccidn de pacientes en ensayos

clinicos(149).

5.5 Observaciones finales

En conclusion, para optimizar el beneficio clinico de cada paciente, evitar gastos innecesarios y la
administracién de tratamientos futiles a otros pacientes, asi como acelerar el desarrollo de nuevos
farmacos contra el cancer, hemos reflejado aqui que la prueba de hipdtesis y el andlisis de
biomarcadores en los estudios clinicos de fase | es una estrategia razonable y viable. La identificacion
de aberraciones moleculares inductoras de alteraciones y una sélida base preclinica y bioldgica para
el agente dirigido son esenciales en este proceso. En el caso de las mutaciones de PIK3CA, no

logramos confirmar su valor para predecir la sensibilidad tumoral a los inhibidores de PI3K, lo que

indica que habra que realizar mas investigaciones antes de emplear marcadores predictivos en los
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estudios de fase lll con estos farmacos. Por otro lado, una firma genética de la activacién de Hh si

gue mostro estar correlacionada con la actividad antitumoral de sonidegib, lo que avala su uso en un

estudio pivotal del meduloblastoma.

El coste cada vez menor de las tecnologias moleculares de alto rendimiento facilitara la aplicacién de

una estrategia oncoldgica personalizada. Por lo tanto, el cribado de los tumores de pacientes

elegibles para los estudios clinicos es un paso importante en el desarrollo de nuevos farmacos. En las

actuales Unidades de Ensayos Clinicos, se han incorporado plataformas de genotipado para poder

detectar alteraciones susceptibles de tratamiento que puedan orientar las decisiones terapéuticas.

Nosotros abogamos por un programa de preseleccidon adaptable, flexible, local y multiplexado que

incorpore nuevos farmacos y dianas, nuevo conocimiento, métodos de genotipado y disefios

novedosos de estudios, donde el conocimiento, la tecnologia y la farmacologia se encuentren en

continua revisién para poder proporcionar la mejor atencidn a los pacientes.
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Figura 11. Un modelo de investigacion traslacional en el desarrollo clinico precoz de farmacos.
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6. Anexos

Anexo 1. Estudios y publicaciones del grupo en el area de trabajo descrita

Tabla 10. Estudios con inhibidores de PI3K/AKT/mTOR desarrollados en la Unitat de Investigacié en

Terapia Molecular de I'Hospital Universitari de la Vall d"Hebron.

Tipo de tumor Cédigo ensayo Titulo Fase
Tumores  soélidos 14H-MC-JWAA A Phase | Trlal of Single-Agent LY2780301 in Patients With Advanced |
avanzados or metastatic cancer
" A phase Ib/Il open-label, multi-center study of the combination of
Tumores sélidos . . . .
CBYL719X2105) BYL719 plus AMG 479 (ganitumab) in adult patients with selected | Ib/Il
avanzados .
advanced solid tumors
A phase 1a/1b, multicenter, open label, dose-finding study to assess
" the safety, tolerability, pharmacokinetics and preliminary efficacy of
Tumores sélidos X A L
avanzados CC-115-ST-001 the dual DNA-PK and TOR kinase inhibitor, CC-115, administered | la/lb
orally to subjects with advanced solid tumors, Non-Hodgkin’s
lymphoma (NHL) or Multiple myeloma (MM)
A Multi-arm Phase 1 Dose Escalation Study Of The Safety,
Tumores sslidos Pharmacokinetics, And Pharmacodynamics of The
avanzados B1271002 Dual PI13K/MtorInhibitors Pf-04691502 And Pf-05212384 In |
Combination With Experimental Or Approved AntiCancer Agents In
Patients With advanced solid tumors
Tumores  slidos A Phase 1 Study Of PF-05212384 (Also Known as PKI-587)
B2151001 Administered As An Intravenous Infusion To Subjects With advanced | |
avanzados .
solid tumors
A Phase I/1l, Multi-center, Open-label Study of BEZ235, Administered
Tumores  solidos CBEZ235A2101 Orally on a Continuous Daily Dosing Schedule in Adult Patients With |
avanzados Avanzado Solid Malignancies Including Patients With advanced solid
breast tumors
A Phase Ib Multi-center, Open-label, 4-arm Dose-escalation Study of
Tumores  sélidos Oral BEZ235 and BKM120 in Combination With Weekly Paclitaxel in
avanzados CBEZ235A2118 Patients With Advanced Solid Tumorsand Weekly | Ib
Paclitaxel/Trastuzumab in Patients With HER2+ advanced solid breast
tumors
L A Study Evaluating the Safety, Tolerability, and Pharmacokinetics of
Tumores sélidos . - . . K
GE280079 GDC-0973 in Combination With GDC-0068 When Administered in | Ib
avanzados . . .
Patients With advanced solid tumors
Turmores sSlidos A Phase Ib, Open-label, Multi-center, Dose-escalation Study of
CBKM120B2101 Oral BKM120 in Combination With Oral GSK1120212 in  Adult | |
avanzados . . .
Patients With Selected advanced solid tumors.
Tumores  sélidos A Phase IA, Multicenter, Open-label Dose Escalation Study
u CBKM120X2101 of BKM120, Administered Orally in Adult Patients With advanced | la
avanzados .
solid tumors
Tumores  sélidos A Phase IA, Multicenter, Open-label Dose Escalation Study of Oral
avanzados CBYL719x2101 BYL719, in Adult Patients With advanced solid tumors, Whose | |
Tumors Have an Alteration of the PIK3CA Gene
" A Phase Ib, Multi-center, Open Label, Dose Escalation Study of Oral
Tumores  sdlidos ) L ; ; ; .
CLDE225X2114 LDE225 in Combination With BKM 120 in Patients With Advanced | |
avanzados .
Solid Tumors
L A Phase b, Open-label, Multi-center, Dose-escalation and Expansion
Tumores sélidos L L
avanzados CMEK162X2101 Study of an Orally Administered Combination of BKM120 Plus | |
MEK162 in Adult Patients With Selected advanced solid tumors
Tumores sslidos A Phase |b, Open-label, Multi-center, Dose-escalation and Expansion
avanzados CMEK162X2103 Study of an Orally Administered Combination of BEZ235 Plus | Ib
MEK162 in Adult Patients With Selected advanced solid tumors
" A Phase Ib Open-label, Multi-center, Dose Escalation and Expansion
Tumores sélidos L . .
CMEK162X2109 Study of Orally Administered MEK162 Plus BYL719 in Adult Patients | |
avanzados X K
With Selected advanced solid tumors
. A Phase Ib/Il Open-label, Multi-center Study of the Combination of
Tumores sélidos . : . .
CMEK162X2111 MEK162 Plus AMG 479 (Ganitumab) in Adult Patients With Selected | I/1I
avanzados .
advanced solid tumors
Tumores  soélidos | CRAD001X2109 An Open-label, Multi-center Phase | Dose-finding Study of ||
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avanzados RADOO1 (Everolimus, Afinitor®) in Combination With BEZ235 in
Patients With advanced solid tumors
Tumores  soélidos 14-MC-IWAA A thase | Trial of Single-Agent LY2780301 in Patients With advanced |
avanzados solid tumors
Tumores  sélidos An Open-Label, Phase |, Dose-Escalation Study Evaluating the Safety
PAM4743G and Tolerability of GDC-0068 in Patients With Refractory and ||
avanzados .
advanced solid tumors
" A Phase |, Dose Escalation Study of MLN1117in Subjects With
Tumores sélidos . . . Lo X X
INK1117-001 Advanced Solid Malignancies Followed by Expansion in Subjects With | |
avanzados .
Measurable Disease
Tumores  sélidos A Phase |, Open Label, Dose Escalation Study of Oral Administration
avanzados INK128-001 of Single Agent INK128 in Subjects With Malignancies Followed by | |
an Expansion in Subjects With Measurable Disease
Tumores  solidos Phase | Parallel Protocol of MK-8669 (Ridaforolimus) + MK-2206
MK8669-049 and MK-8669 (Ridaforolimus) + MK-0752 Doublets (MK-MK) in ||
avanzados . . K
Patients With advanced solid tumors
A Phase Ib, Open-label, Dose-escalation Study of the Safety and
Tumores  soélidos Pharmacology Of GDC-0068 in Combination With Docetaxel,
PAM4983G R . . . . . |
avanzados Fluoropyrimidine Plus Oxaliplatin, Paclitaxel, or Enzalutamide in
Patients With advanced solid tumors
A Phase |, Open Label, Dose Escalation Study of the Safety and
Tumores  solidos PCDA4989 Pharmacokinetics of MPDL3280A Administered Intravenously As a |
avanzados i Single Agent to Patients With Locally Advanced or Metastatic Solid
Tumors or Hematologic Malignancies
" A Phase Ib, Open Label, Dose Escalation Study of the Safety and
Tumores  sélidos . - . s
avanzados PIM4945g Pharmacology of GDC-0980 in Combination With a Fluoropyrimidine, | Ib
Oxaliplatin, and Bevacizumab in Patients With advanced solid tumors
An Open-Label, Phase I/1l, Dose Escalation Study Evaluating the
Tumores  sélidos Safety and Tolerability of GDC-0032 in Patients With Locally
avanzados PMT 4979g Advanced or Metastatic Solid Tumors and in Combination With | |
Endocrine Therapy in Patients With Locally advanced solid Hormone
Receptor-Positive breast cancer
" A Phase 1 Dose-Escalation Study of the Safety and Pharmacokinetics
Tumores  sdlidos - . . ) -
XL147-001 of XL147 Administered Orally Daily to Subjects with advanced solid | |
avanzados
tumors
; A Multicenter, Open-label, Phase 1b Study of MLN0128 (an Oral
Tumores  sdlidos - : - ;
avanzados C32001 mTORC1/2 Inhibitor) in Combination With MLN1117 (an Oral PI3Ka | Ib
Inhibitor) in Adult Patients With advanced solid tumors
Tumores  soélidos A phase Ib, open-label study of oral BGJ398 in combination with oral
avanzados CBGI398X2102 BYL719 in adult patients with select advanced solid tumors. b
A phase Ib, open label, dose finding study of BYL719 in combination
with paclitaxel in Advanced Solid Tumorsfollowed by two expansion
Tumores  solidos CBYL71972101 phases in locally a.dvanced or metastatic chemothe.rapy naive HER2- b
avanzados breast cancer patients and recurrent or metastatic head-and-neck
squamous cell carcinoma patients pre-treated with platinum based
therapy
Tumores  solidos MK-3475-028 Fase IB Study of MK-3475 in Subjects with Select advanced solid b
avanzados tumors
. A Phase 1 Dose-Escalation Study of the Safety and Pharmacokinetics
Tumores sélidos . . . X X
XL765-001 of XL765 Administered Orally Daily to Subjects with advanced solid | |
avanzados
tumors
Tumores  sdlidos MK-8669/004 A F’hase | Study of Ridaforolimus (MK8669) and MKO0646 in Patients |
avanzados With advanced solid tumors
Tumores  solidos XL765-003 A Phase 1 Dose-Escalation Study of XL765 in Combination with |
avanzados Erlotinib in Subjects with advanced solid tumors
Tumores sSlidos Phase |, Multicenter, Open-label, Dose-escalating, Clinical and
avanzados PM1183-A-001-08 Pharmacokinetic Study of PM01183 in Patients With advanced solid | |
tumors
Tumores  solidos A Phase1Study Of PF-05212384 (Also Known as PKI-587)
avanzados 3265K1-1002-WW/B2151001 | Administered As An Intravenous Infusion To Subjects With advanced | |
solid tumors
Tumores solidos CCLRAS7X2101 A Phasg /11 MultlFenter, ppen-label Stud.y of CLR457, Administered Ia
avanzados Orally in Adult Patients With advanced solid tumors
:\‘j;?\cz’:zso . s0lidos | p3r309-001/5AKK 67/13 Phase I Study of Oral PQR309 in Patients With advanced solid tumors | la
Tumores  sélidos A Multicenter, Open-label, Phase 1b Study of MLNO0128 (an Oral
avanzados C32001 mTORC1/2 Inhibitor) in Combination With MLN1117 (an Oral PI3Ka | Ib

Inhibitor) in Adult Patients With advanced solid tumors
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A Phase |, two-stage, multi-center, open-label doseescalation study
of BKM120 in combination with adjuvant temozolomide and with

Glioblastoma CBKM120€2101 concomitant radiation therapy and temozolomide in patients with !
newly diagnosed glioblastoma
An open-label, phase |, dose-escalation study evaluating the safety
Glioblastoma G0028070 and tolerability of GDC-0084 administered to patients with ||

progressive or recurrent high-grade gliomas

Glioblastoma

CINC280X2204

A Phase Ib/ll, Multi-center, Open-label Study of Single-agent
INC280 in Combination With Buparlisib in Patients With Recurrent
Glioblastoma

Ib/1l

Céncer de mama

CLEE011X2106

A phase Ib/Il trial of LEEO11l in combination with everolimus
(RADO01) and exemestane in the treatment of postmenopausal
women with estrogen receptor breast cancer.

Ib/1l

Céncer de mama

CBKM120x2107

A Phase Ib/Il, Open Label, Multi-center Study Evaluating the Safety
and Efficacy of BKM120in Combination With Trastuzumab in
Patients With Relapsing HER2 Overexpressing breast cancer Who
Have Previously Failed Trastuzumab

Ib/1l

Céncer de mama

CBKM120ZES02T/SOLTI-1103

A Phase Il Trial of BKM120 (a PI3K Inhibitor) in Patients With Triple
Negative metastatic breast cancer

Cancer de mama

GDC4950g

A Phase I, Double-Blind, Placebo Controlled, Randomized Study
of GDC-0941 or GDC-0980 With Fulvestrant Versus Fulvestrant in
advanced solid breast cancer in Patients Resistant to Aromatase
Inhibitor Therapy

Cancer de mama

MK-8669-041

A Study of Ridaforolimus (MK-8669) in Combination With
Dalotuzumab (MK-0646) Compared to Standard of Care Treatment in
Estrogen Receptor Positive breast cancer Patients (MK-8669-041
AM3)

Cancer de mama

MK-8669-64

A Randomized Trial of the Combination of Ridaforolimus and
Exemestane, compared to Ridaforolimus, Exemestane and
Dalotuzumab in High Proliferation Estrogen Receptor Positive Breast
cancer Patients

Cancer de mama

D3610C0002

A Phase I/1l Study of AZD5363 Combined With Paclitaxel in Patients
With advanced solid tumors breast cancer, comprising a Safety Run-
In and a Placebo-controlled Randomised Expansion in ER+ve Patients
Stratified by PIK3CA Mutation Status.

Céancer de mama

XL147-203

Study of XL147 (SAR245408) in Combination With Trastuzumab or
Paclitaxel and Trastuzumab in Subjects With advanced solid breast
cancer Who Have Progressed on a Previous Trastuzumab-based
Regimen

Ib/1

Céancer de mama

B1271003

An Open-Label, Randomised Phase 1b/2 Study Of PF-04691502 In
Combination With Letrozole Compared With Letrozole Alone In
Patients With Estrogen Receptor Positive, Her-2 Negative Early
Breast Cancer

Cancer de mama

MK8669-050

A Clinical Trial to Qualify the Growth Factor Signature (GFS) as an
Intermediate Biomarker of Response for Development of PI3K-
Pathway Inhibitors in Patients With Breast Cancer

0/1b

Céancer de mama

MK0646-013

Study to Establish Proof-of-Biology for MK-0646 in Breast Cancer

Cancer de mama

MK-8669-050

A Clinical Trial to Qualify the Growth Factor Signature (GFS) as an
Intermediate Biomarker of Response for Development of PI3K-
Pathway Inhibitors in Patients With Breast Cancer

Céancer de mama

XL147-202

A Phase 1/2 Dose-Escalation Study of XL147 or XL765 in Combination
with Letrozole in Subjects with Hormone Receptor-Positive and HER2
Negative Breast Cancer Refractory to a Nonsteroidal Aromatase
Inhibitor

1/

Cancer de mama

XL147-203

Study of XL147 (SAR245408) in Combination With Trastuzumab or
Paclitaxel and Trastuzumab in Subjects With Metastatic Breast
Cancer Who Have Progressed on a Previous Trastuzumab-based
Regimen

Céncer de mama

1280.4

A Phase Ib/Il Randomized Study of Bl 836845 in Combination With
Exemestane and Everolimus Versus Exemestane and Everolimus
Alone in Women With Advanced Breast Cancer

Ib/1l

Cancer de mama

CLEE011X2106

A Phase Ib/ll Trial of LEEO11in Combination With Everolimus
(RAD001) and Exemestane in the Treatment of Postmenopausal
Women With Estrogen Receptor Positive, Her2- Advanced Breast
Cancer

Ib/1l

Céncer de mama

PMT 4979g

An Open-Label, Phase I/1l, Dose Escalation Study Evaluating the
Safety and Tolerability of GDC-0032 in Patients With Locally
Advanced or Metastatic Solid Tumors and in Combination With

Ib/1l
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Endocrine Therapy in Patients With Advanced Breast Cancer
Hormone Receptor-Positive

Céncer de mama

G027802

A Phase Ib Open-Label, Dose-Escalation Study of the Safety and
Pharmacology of GDC-0032 in Combination With Either Docetaxel or
Paclitaxel in Patients With HER2-Negative, Advanced Breast Cancer

Ib/1l

Cancer Colorectal

TTD08-06

Open, Multicenter Phase Il Study to Evaluate the Efficacy and Safety
of the Combination of Panitumumab With Irinotecan in Patients With
Wild-Type KRAS Metastatic Colorectal Cancer Refractory to
Irinotecan Based Chemotherapy

Céncer Colorectal

CLGX818%2103

A Phase Ib/Il Multi-center, Open-label, Dose Escalation Study of
LGX818 and Cetuximab or LGX818, BYL719, and Cetuximab in
Patients With BRAF Mutant Colorectal cancer

Ib/1l

Céncer de Esofago

CLUM716X2103

A Phase Ib/Il, Open-label Study of LIM716in Combination With
BYL719 Compared to Taxane or Irinotecan in Patients With
Previously Treated Esophageal Squamous Cell Carcinoma (ESCC)

Ib/1l

Céncer de Esofago

CLUUM716X2103

A phase Ib/Il, open-label study of LIM716 in combination with
BYL719 compared to taxane or irinotecan in patients with previously
treated esophageal squamous cell carcinoma

Ib/1l

Cancer Colorectal

MK-0646-025

A Phase IIA Open Label, Adaptive, Randomized Clinical Trial
of Dalotuzumab (MK-0646) Treatment in Combination With
Irinotecan Versus Cetuximab and Irinotecan for Patients With
Metastatic Rectal Cancers (mRC) Expressing High IGF-1/Low IGF-2
Levels

Céncer de

Endometrio

B1271004

A Randomized Phase 2 Non-comparative Study Of The Efficacy Of Pf-
04691502 And Pf-05212384 In Patients With Recurrent Endometrial
Cancer

Céncer de

Endometrio

LLO-TEM-2011-01/TEM

(POEM)

1IG-4

A Phase lla Pharmacokinetic-pharmacodynamic Study to Confirm the
Inhibitory Effect of Temsirolimus, Targeting the mTOR Pathway in
Endometrial Carcinoma

Tumores
neuroendocrinos

CBEZ23572401

Randomized Phase Il Study of BEZ235 or Everolimus in Advanced
Pancreatic Neuroendocrine Tumors

Tumores
neuroendocrinos

GETNE 1003

A Phase Il Study on Everolimus, an mTOR Inhibitor (Oral
Formulation), With Octreotide LAR® in Adult Patients With
Advanced, Non-functioning, Well-differentiated Gastrointestinal
Neuroendocrine Tumours (Gl NET)

Tumores
neuroendocrinos

SOM230I12201

A randomized, open-label phase Il multicenter study evaluating the
efficacy of oral Everolimus alone or in combination with Pasireotide
LAR i.m. in Advanced progressive pancreatic neuroendocrine tumors
(PNET) - The COOPERATE-2 study

NSCLC

CBKM120D2201

An Open Label Two-stage Study of Orally Administered BKM120 in
Patients With Metastatic non small-cell lung cancer With Activated
PI3K Pathway

NSCLC

CC-223-NSCL-001

A Phase 1b, Multi-Center, Open-Label Study of the mTOR Kinase
Inhibitor CC-223 in Combination With Erlotinib or Oral Azacitidine in
non small-cell lung cancer

NSCLC

20060534

Amgen Protocol 20060534 - A Phase 1b/2 Trial of AMG 479 or AMG
102 in Combination With Platinum-based Chemotherapy as First-Line
Treatment for Extensive Stage Small Cell Lung Cancer

Ib/11

NSCLC

B7461001

Phase 1/2 Study Of Pf 06463922 (an Alk/rosl Tyrosine Kinase
Inhibitor) In Patients With non small-cell lung cancer Harboring
Specific Molecular Alterations

1/

NSCLC

MK3475-001

Phase | Study of Single Agent MK-3475 in Patients With Progressive
non small-cell lung cancer, Melanoma, and Non-Small Cell Lung
Carcinoma

Renal

PIM4973g

A Phase Il, Open Label, Randomized Study of GDC-0980 Versus
Everolimus in Patients With Renal Cell Carcinoma Who Have
Progressed on or Following VEGF-Targeted Therapy

Sarcoma-GIST

CSTI571X2103

A Dose-finding Phase Ib Multicenter Study of Imatinib in
Combination With the Oral Phosphatidyl-inositol 3-kinase (PI3K)
Inhibitor BYL719 in Patients With Gastrointestinal Stromal Tumor
(GIST) Who Failed Prior Therapy With Imatinib and Sunitinib

Sarcoma-GIST

CSTI571X2101

A multi-arm dose-finding phase Ib multicenter study of imatinib in
combination with the oral phosphatidyl-inositol 3-kinase (PI3-K)
inhibitor BKM120 in patients with Gastrointestinal Stromal Tumor
(GIST) who failed prior therapy with imatinib and sunitinib

133




Tabla 11 Trabajos conjuntos en los que se estudian los mecanismos de eficacia y resistencia a los

inhibidores de PI3K donde se aplicaron los descubrimientos y/o muestras extraidos en los ensayos.

Publicados

Prat A, Adamo B, Fan C, Peg V, Vidal M, Galvan P, Vivancos A, Nuciforo P,Palmer HG, Dawood S,
Roddn J, Ramony Cajal S, Del Campo JM, Felip E, Tabernero J, Cortés J. Genomic analyses across six
cancer types identify basal-like breast cancer as a unique molecular entity. Sci Rep. 2013 Dec
18;3:3544.

Elkabets M, Vora S, Juric D, Morse N, Mino-Kenudson M, Muranen T, Tao J, Campos AB, Rodon J,
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inhibitors in PIK3CA-mutant Breast cancer. Sci Transl Med. 2013 Jul 31;5(196):196ra99.
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triple-negative Breast cancer to PARP inhibition. Cancer Discov. 2012 Nov;2(11):1036-47.
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profiling of patients with colorectal Cancer and matched targeted therapy in phase | clinical trials.
Mol Cancer Ther. 2012 Sep;11(9):2062-71. doi: 10.1158/1535-7163.

Huang HJ, Angelo LS, Rodon J, Sun M, Kuenkele KP, Parsons HA, Trent JC, Kurzrock R. R1507, an anti-
insulin-like growth factor-1 receptor (IGF-1R) antibody, and EWS/FLI-1 siRNA in Ewing's sarcoma:
convergence at the IGF/IGFR/Akt axis. PLoS One. 2011;6(10):e26060.

Yan Y, Serra V, Prudkin L, Scaltriti M, Murli S, Rodriguez O, Guzman M, Sampath D, Nannini M, Xiao
Y, Wagle MC, Wu JQ, Wongchenko M, Hampton G, Ramakrishnan V, Lackner MR, Saura C, Roda D,
Cervantes A, Tabernero J, Patel P, Baselga J. Evaluation and clinical analyses of downstream targets
of the Akt inhibitor GDC-0068. Clin Cancer Res. 2013 Dec 15;19(24):6976-86.

Juric D, Castel P, Griffith M, Griffith OL, Won HH, Ellis H, Ebbesen SH, Ainscough BJ, Ramu A, lyer G,
Shah RH, Huynh T, Mino-Kenudson M, Sgroi D, Isakoff S, Thabet A, Elamine L, Solit DB, Lowe SW,
Quadt C, Peters M, Derti A, Schegel R, Huang A, Mardis ER, Berger MF, Baselga J, Scaltriti M.
Convergent loss of PTEN leads to clinical resistance to a PI(3)Ka inhibitor. Nature. 2014 Nov 17.

Enviados

Therapeutic Wnt/B-catenin signaling inhibition for the treatment of colorectal Cancer patients:
Molecular determinants of Farmaco-response and combinationwith PI3K and AKT inhibitors. O
Arqués, | Chicote, | Puig, SP. Tenbaum, G Argilés, R Dienstmann, N Fernandez, G Caratu, J Matito, D
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Baselga.

Tabla 12 Articulos en los que se describe nuestra experiencia en la aplicacién clinica de las

metodologias de cribado.
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R. A framework for genomic biomarker actionability and its use in clinical decision making.
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Tabla 13. Publicaciones sobre la via IGFR1-PI3K-AKT-mTOR de nuestro grupo.

Publicados
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Anexo 2. Manuscrito “Desarrollo de una firma de cinco genes de
Hedgehog como herramienta para la preseleccion de pacientes para
terapia con inhibidores de Hedgehog en el meduloblastoma”
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Abstract

Purpose: Distinct molecular subgroups of medulloblastoma,
including hedgehog (Hh) pathway—activated disease, have been
reported. We identified and clinically validated a five-gene Hh
signature assay that can be used to preselect patients with Hh
pathway—activated medulloblastoma.

Experimental Design: Gene characteristics of the Hh medul-
loblastoma subgroup were identified through published bioin-
formatic analyses. Thirty-two genes shown to be differentially
expressed in fresh-frozen and formalin-fixed paraffin-embedded
tumor samples and reproducibly analyzed by RT-PCR were mea-
sured in matched samples. These data formed the basis for building
a multi-gene logistic regression model derived through elastic net
methods from which the five-gene Hh signature emerged after
multiple iterations. On the basis of signature gene expression levels,
the model computed a propensity score to determine Hh activation
using a threshold set a priori. The asso-

Introduction

Medulloblastoma, a malignant primitive neuroectodermal tumor
arising in the cerebellum, is the most common brain tumor in
children ages <4 years (1). The current standard of care involves
surgery followed by craniospinal radiation and chemotherapy,
which can be given concurrently with or following radiation (2).
Not infrequently, young children treated with chemotherapy alone
will respond to second-line salvage therapy, including
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ciation between Hh activation status and tumor response to the Hh
pathway inhibitor sonidegib (LDE225) was analyzed.

Results: Five differentially expressed genes in medulloblasto-ma
(GLI1, SPHK1, SHROOM2, PDLIM3, and OTX2) were found to
associate with Hh pathway activation status. In an independent
validation study, Hh activation status of 25 medulloblastoma
samples showed 100% concordance between the five-gene sig-
nature and Affymetrix profiling. Further, in medulloblastoma
samples from 50 patients treated with sonidegib, all 6 patients who
responded were found to have Hh-activated tumors. Three patients
with Hh-activated tumors had stable or progressive disease. No
patients with Hh-nonactivated tumors responded.

Conclusions: This five-gene Hh signature can robustly identify
Hh-activated medulloblastoma and may be used to preselect
patients who might benefit from sonidegib treatment. Clin Cancer
Res; 21(3); 585-93. _2014 AACR.

radiation; however, there is no standard, effective salvage treat-
ment for recurrence following craniospinal radiation and the
prognosis following recurrence is dismal (3). Moreover, especially
for young children, radiation can lead to long-term toxicities,
including neurocognitive damage (2). Therefore, targeted thera-pies,
with improved efficacy and reduced toxicity, are greatly needed for
young children and for patients with relapsed disease.

Currently, there is no gold-standard method for the identifi-cation
of molecular subtypes of medulloblastoma. Recently
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Translational Relevance

A significant proportion of patients with medulloblastoma
experience relapse after primary treatment. Because of the lack
of standard salvage regimens and long-term toxicities associ-
ated with available therapies, especially for younger patients,
novel targeted therapies are greatly needed for patients with
relapsed disease. Gene expression profiling studies have iden-
tified 4 molecular subgroups of medulloblastoma, including one
characterized by activated hedgehog (Hh) signaling. Inhibitors
targeting the Hh pathway, including sonidegib (LDE225), have
demonstrated activity in patients with medul-loblastoma. An
RT-PCR-based five-gene signature assay has been developed to
identify patients with Hh pathway—acti-vated medulloblastoma
and is associated with response to sonidegib treatment. Given
the potential for drug-induced premature growth plate closure in
children who have not achieved skeletal maturity, the ability to
preselect patients who are most likely to obtain clinical benefit is
a valuable advance in the development of Hh inhibitor therapy.

however, several studies have identified distinct molecular sub-
groups of medulloblastoma through gene expression profiling (4—7).
Four subtypes, wingless (WNT), sonic hedgehog (SHH), group 3,
and group 4, with distinct gene expression profiles and molecular
abnormalities, have been described (5—8). Mutations that activate
the hedgehog (Hh) pathway have been identified and found
exclusively in the SHH subclass, which constitutes approx-imately
one third of medulloblastomas (4, 6, 7, 9, 10); however,
medulloblastomas can be classified within the SHH subclass in the
absence of Hh pathway mutations (4—7, 11).

Several small-molecule inhibitors of smoothened (SMO), the G
protein—coupled receptor—like transducer of Hh signal-ing, are
being explored as novel, targeted therapies designed to treat cancers
associated with aberrant Hh signaling (12). Sonidegib (LDE225) is
a potent and selective SMO inhibitor that has demonstrated dose-
dependent tumor regression in patched” - (Ptchb/‘g p53J' and
Ptch”- hypermethylated in  cancer  1(Hic1 /’) mouse
medulloblastoma models (13, 14). In recent phase I studies testing
single-agent sonidegib in adult and pediatric patients with advanced
solid tumors, antitumor activity was demonstrated in several
patients with medulloblastoma (15, 16).

Genetic analyses of medulloblastomas have identified muta-tions
in several Hh pathway genes; however, due to the low incidence of
medulloblastoma, reports of recurrent mutations are limited (4-7).
In addition, because few of these are hot-spot mutations, targeted
genotyping cannot be used and muta-tional screening of large Hh
pathway genes such as PTCH1 and SMO would be required (17).
Furthermore, several studies have demonstrated that in
medulloblastoma, the incidence of Hh pathway activation is more
prevalent than Hh pathway mutations (47, 11).

For these reasons, preselection of patients by direct gene
sequence analysis is not suitable for use in clinical studies,
especially considering the importance of a short turnaround time to
determine patient eligibility. Recent genomic-based molecular
subclassification of medulloblastoma suggests that identification

of an Hh gene signature through gene expression profiling could be
used for treatment decisions (18). However, the current expression
profiling methods require a large quantity of tumor and are time
intensive, both of which are not amenable for translation to the
clinic (18). In addition, these methodologies do not work efficiently
with the formalin-fixed and paraffin-embedded (FFPE) tumor
specimens that are widely available in clinical practice. In this
study, we developed a five-gene Hh signature assay as a clinically
applicable tool for preselecting patients with Hh-activated
medulloblastoma who are most likely to derive benefit from Hh
inhibitor therapy.

Patients and Methods

Patient samples

Medulloblastoma tumor specimens were obtained from the Dana-
Farber Cancer Institute/Boston Children's Hospital (Bos-ton, MA;
see Supplementary Methods for additional information; n Y4 40)
and Children's Healthcare of Atlanta (CHOA; Atlanta, GA; n 4
25).

Medulloblastoma samples (n ¥4 50) were also obtained from
patients enrolled in three separate phase I studies of oral soni-degib
in patients with advanced solid tumors (Supplementary Table S1;
refs. 19-21). The protocols and amendments of each study were
approved by the institutional review board, indepen-dent ethics
committee, or research ethics board at each center.
Medulloblastoma and normal cerebral tissue samples used for assay
validation were obtained from commercial vendors, Asterand (n V4
1, medulloblastoma), and Biochain (n % 1, medul-loblastoma; n %4
3, normal cerebral tissue).

Candidate gene selection

For selection of the initial list of candidate genes for further
development of the signature, gene expression data from three
independent external studies were reanalyzed. The first dataset from
Thompson and colleagues (4) included data obtained by the
Affymetrix HG-U133Av2 microarray chip from 46 patients (ages <
21 years) with medulloblastoma tumors. Nine of the samples were
defined as group D with target genes of the SHH pathway
significantly overrepresented among upregulated genes in their
profiles. The second dataset from Kool and colleagues (5) included
62 medulloblastoma tumor samples profiled on the Affymetrix
U133 Plus 2.0 chip. The 62 samples were classified into five
subgroups, with subgroup B comprising 15 cases defined mostly by
SHH-activated pathway genes. The third dataset, reported by Cho
and colleagues (7), included 194 medulloblas-toma tumor samples
profiled on the Affymetrix HT-U133A. Six stable molecular
subgroups of medulloblastoma were classified (c1 to ¢6), including
the ¢3 subgroup that showed enrichment of gene sets associated
with SHH signaling. Data from five, 20, and 11 normal cerebellum
samples (profiled on Affymetrix U133Av2, Affymetrix U133 Plus
2.0, and HT-133A, respectively) obtained from the Gene Expression
Omnibus (http://www.ncbi.nlm.nih. gov/geo/) database were
combined with the Thompson, Kool, and Cho datasets, respectively,
to enhance verification of the clustering below (4, 5, 7).

Data normalization and unbiased filtering. Normalization was
performed independently for the three separate datasets using the
robust multiarray averaging normalization algo-rithm in R
Bioconductor package (http://www.r-project.org/).
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Without regard to Hh activation status, the datasets were reduced by
filtering out probe sets that showed variability and log, expression
intensities below a defined threshold in all of the samples for that
specific dataset [Thompson dataset coefficient of variation (CV) <
5% and logy expression <4; Kool dataset CV < 5% and logp
expression intensity <5; Cho dataset CV < 5% and log, expression
<S§; refs. 4, 5, 7]. Distinct thresholds were used for each of the three
datasets to account for the inherently different background noise
caused by the use of different versions of the Affymetrix platform in
different laboratories.

Candidate gene selection. Two parallel methods to determine
candidate genes were initiated and later compared for consis-tency.
One approach assessed each dataset independently and for each,
collapsed the clusters defined previously into Hh active or Hh
inactive. A univariate logistic regression analysis approach was
employed on each dataset to identify genes that were potentially
predictive of Hh activation status. The probe sets were then ranked
by their significance and area under the receiver operating
characteristic curve, and compared for con-sistency across datasets.

The second approach combined all 3 datasets, necessitating the
use of distinct hierarchical clustering (performed using the Pearson
dissimilarity distance metric and complete linkage; ref. 4). Distinct
clusters were selected to define samples as Hh active (n %4 63) or Hh
inactive (n % 236). Samples that clustered less distinctly with either
subgroup (n ' 3) were excluded from further analysis. The
resulting dataset, with gene expression intensity for 10,995 probe
sets, was used to run both a para-metric t test and Wilcoxon rank-
sum test to compare the two classes.

Identification of candidate genes and control genes. Candidate genes
that showed at least a 2-fold difference in mean expression levels
between the Hh-active and Hh-inactive groups were identified.
Initially, a false discovery rate P value of 0.01 was employed. This
rate, however, resulted in a large pool of candidate genes, leading to
a more complex selection strategy, in which statistical signif-icance
(P < 0.00001 and average area under the curve _ 95%) in at least
two of the three independent logistic regression fits and significance
(P < 0.001) by Wilcoxon rank-sum or parametric t test were
required for selection. In some rare instances, a candidate gene was
selected if it showed high predictivity in a single experiment
because different versions of the Affymetrix chip that were used
contained their own unique gene candidates. Consid-ering the
potential for bias, the use of P values should be inter-preted as a
statistical filtering mechanism for identifying a rea-sonable number
of potential candidate genes for the next stage of the analysis.
Thirty-two genes were identified, including 21 genes upregulated
and 11 genes downregulated in Hh pathway—acti-vated samples.

Candidate control genes that were expressed nondifferentially
across all subclasses of medulloblastoma tumors were also select-ed
from the normalized dataset of 302 fresh-frozen medulloblas-toma
samples from three published sources (4, 5, 7). Criteria for selection
included low wvariability in expression across all three
medulloblastoma datasets (CV _ 4%) and a target gene—spe-cific
Affymetrix probe set with robust expression in medullo-blastoma
tumors (logy > 8). Twenty-two potential control genes were selected
that fit these criteria. Zona pellucida gly-coprotein 2, identified as
distinctly upregulated in the set of 25

www.aacrjournals.org
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normal cerebellum samples, was used to analyze the nontumor
contamination present in the FFPE samples and was therefore
included on the TagMan low-density array (TLDA) array (data not
shown).

Assay design and optimization for FFPE

TagMan-based RT-PCR assays (Applied Biosystems Inc)
designed with small amplicon size, and targeted at different regions
of the gene, were screened for each of the 54 candidate genes (32
differentially expressed genes and 22 nondifferentially expressed or
control genes) to assess their feasibility, utility, and robustness in
FFPE samples. On average, three assays per gene were evaluated
using a titration of complementary DNA (cDNA) from three FFPE
tissue  specimens (one th medulloblastoma, one Hh™
medulloblastoma, and one normal cerebellum). Eigh-teen of 32
differentially expressed candidate genes and four of 22 candidate
control genes that had at least one assay that showed robust
expression (raw cycle threshold value _ 30 using 50 ng of cDNA
input) in at least one of the three FFPE samples and high assay
efficiency across all three samples (90% to 110%) were selected. A
custom TLDA (Applied Biosystems) was built using these 22
selected genes to further the signature identification process.

RNA extraction, RT-PCR, and gene expression profiling

RNA was extracted from FFPE sections using the QiagenRNeasy
FFPE extraction Kit (Qiagen) and reverse transcribed to cDNA
using random hexamers and a high-capacity cDNA archive kit
(Applied Biosystems). Real-time PCR on the TLDA array was
performed using the PRISM 7900HT sequence detection system
(Applied Biosystems) with a universal human reference RNA
(740000; Agilent Technologies, Inc) included as a technical control
in every array. The delta cycle threshold (Ct) method was used to
compute the expression levels of individual genes after data
normalization as described below.

RNA was extracted from 25 frozen medulloblastoma tumor
samples using the Trizol protocol (15596-018; Invitrogen) and was
profiled by AROS Biosciences on the Affymetrix human genome
U133 Plus 2.0 array with the 3' IVT express labeling Kit
(Affymetrix).

Data normalization. The 18 differentially expressed genes and high
assay efficiency in FFPE samples were normalized using the
average expression of four control genes (HECT, UBA, and WWE
domain containing 1; YMEI1-like 1; superoxide dismutase 1; and La
ribonucleoprotein domain family member 1). The common control
gene glyceraldehyde-3-phosphate dehydrogenase showed high
variability across the sample sets and therefore was not used in the
analysis (data not shown). With the delta Ct method, the raw
expression level of each candidate gene was subtracted from the
average of the four control genes. Following normalization, the 18
differentially expressed genes formed the basis of the model-
building exercise described below.

Computational methods/model building

Model building. The elastic net is a regularized regression meth-od
that uses a weighted sum of the L1 and L2 penalty terms used in the
lasso (22) and ridge (23) regression models, respectively. This
method was selected due to the potential for correlation among the
genes. In practice, the ridge portion of the penalty tended to group
correlated genes together, whereas
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Table 1. Five-gene Hh signature and control genes

Uni-gene Expression
Gene accession number level®
GLI1 2139596 High
SHROOM2 1782725 High
SPHK1 139253 High
PDLIM3 5795643 High
OoTX2 178376 Low
HUWE1 150675 Control
YME1L1 714304 Control
SOD1 238951 Control
LARP1 179374 Control
Abbreviations: SOD1, superoxide dismutase 1, soluble; LARP1, La

ribonucleopro-tein domain family member 1; YME1L1, YME1-like 1.
Relative to Hh-negative medulloblastoma samples.

the lasso portion of the penalty then included or excluded these
groups as a set in the final model. This algorithm can be used to
calculate optimal values for a and |, which control the weight
applied to each of the penalty terms and the amount of shrinkage
exerted on the data, respectively. For opti-mization of the model, a
series of 100 as and 91 Is were generated. For each a and | pair, a
model was fit in a 5-fold cross-validation framework, resulting in an
estimate of devi-ance or model error, the lowest of which was
deemed optimal. In addition to model error, the optimal model was
also defined by the exact number and identity of genes, as well as
model coefficients.

Optimal model selection. To account for potential cross-validation
error, the cross-validation procedure was iterated 10,000 times.
Eight- and five-gene models, defined by selection of a and |, were
selected in approximately 80% of the iterations. In each case, the
same eight genes [glioma-associated oncogene homolog 1 (GLI1),
orthodenticle homeobox 2 (OTX2), shroom family member 2
(SHROOM2), PDZ and LIM domain 3 (PDLIM3), sphingosine
kinase 1 (SPHK1), secreted frizzled-related protein 1, amyloid b
A4 precursor protein-binding family A member 2, and spermato-
genesis-associated 20; Table 1], or a subset of five genes (GLI1,
OTX2, SHROOM2, PDLIM3, and SPHK1) were selected, with
slight variations in the precise model coefficients. For each model
size, the most frequently selected a and | pair was selected as the
optimal model and used for further evaluation in the independent
validation dataset. Ultimately, the five-gene model was selected for
further development.

Model thresholds. The elastic net method generates a multigene
logistic regression model, which produces a propensity score in the
range of 0 to 1 that estimates the probability of being Hh activated
for a given sample. A threshold was then selected to separate Hh-
activated and non—Hh-activated classes. During the model
generation/discovery phase of this exercise, the separation between
tumors categorized as Hh activated versus those catego-rized as Hh
nonactivated was relatively large; thus, any threshold selected
within that range was indistinguishable in terms of predictive
performance. A threshold of 0.500 was selected as the score
threshold because it partitions the range of scores into equal parts
and may also be interpreted as the least biased choice. With the
threshold set at 0.500, a value of _ 0.500 was classified as Hh
activated, whereas a value of <0.500 was classified as non—Hh
activated.

Results

Development of the five-gene Hh signature model

Briefly, a panel of 32 candidate genes differentially expressed in
Hh" versus Hh™ tumors and another 22 potential normalization
genes were selected from data derived from 313 medulloblasto-mas
in three independently published profiling studies (4, 5, 7). RT-PCR
assays for these candidate genes were developed and optimized for
use in FFPE specimens. Assays with robust

Candidate genes (32 differentially expressed and 22 control
genes) selected via reanalysis of a combined profiling
dataset from 3 external studies (4, 5, 7) in 313 MB samples?

Candidate genes (18 differentially expressed and 4 control
genes) selected via RT-PCR optimization in 3 FFPE
samples (1 Hh*, 1 Hh™, 1 normal cerebellum)®

Candidate gene analysis via RT-PCR in FFPE MB tumor
samples (n = 40)° with matching fresh-frozen tissue
previously profiled (7)° AND Hh status predictions made

Hh* (n = 15)

L

Elastic net method used to define optimal model using
five-fold cross-validation

External validation of the optimal model and
performance characterization in 25 matching FFPE
and fresh-frozen MB samples?

Hh~ (n = 25)

?Data from normal cerebellum samples obtained from the Gene Expression Omnibus
(http://www.ncbi.nim.nih.gov/geo/) database was also included in the analysis.
*FFPE samples were obtained from BioChain Institute, Inc.

°FFPE MB tumor samples were obtained from the Dana-Farber Cancer Institute/Boston
Children's Hospital. The 40 matching fresh-frozen samples were a subset of the 194 MB
samples previously profiled (7).

9MB tumor samples were obtained from the Children's Healthcare of Atlanta.

Figure 1.

Development of the five-gene Hh signature. A panel of 32 candidate genes
differentially expressed in Hh™ vs. Hh™ tumors and 22 potential normalization
genes were selected from a combined dataset of 313 medulloblastoma (MB)
samples in three independently published profiling studies (4, 5, 7). Data from
normal cerebellum samples obtained from the Gene Expression Omnibus
(http://www.ncbi.nlm.nih.gov/geo/) database were also included in the
analysis. RT-PCR assays for these candidate genes were developed and
optimized for use in 3 FFPE specimens (1 th, 1 Hh", 1 normal cerebellum)
obtained from Biochain. Assays with robust performance for 18 differentially
expressed genes and four control genes were further selected. This panel of
genes was assayed in the 40 FFPE medulloblastoma specimens with
established Hh activation status (7) and subjected to model building by the
elastic net method for signature identification. FFPE medulloblastoma tumor
samples were obtained from the Dana-Farber Cancer Institute/Boston
Children's Hospital. The 40 matching fresh-frozen samples were a subset of
the 194 medulloblastoma samples previously profiled (7). The five-gene Hh
signature was externally validated in a set of 25 matching FFPE and fresh-
frozen medulloblastoma samples obtained from Children's Healthcare of
Atlanta.
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performance in FFPE for 18 differentially expressed genes (ten
upregulated and eight downregulated in Hh™ vs. Hh™ tumors) plus
four control genes were further selected and assembled onto a
TLDA card. The expression of this panel of genes was assayed in
the 40 FFPE medulloblastoma specimens and formed the basis of
the multigene model-building exercise (Fig. 1). The matching
fresh-frozen specimens of these 40 cases were previously profiled as
part of a larger group of 194 medulloblastoma fresh-frozen samples
as described by Cho and colleagues (7), and each case was classified
as Hh" or Hh™ based on its Affymetrix gene expression profile.

The 18 differentially regulated candidate genes normalized by the
average of the control genes were subjected to a model-building
exercise using the elastic net algorithm (24) in a 5-fold cross-
validation framework. The elastic net method selects the optimal
model that uses the least number of genes to identify Hh activation
status with minimal error (Fig. 2; ref. 25). To under-stand the
impact of variation in the cross-validation procedure, the entire
model-building exercise was iterated 10,000 times, resulting in a
distribution of optimal models. Models with five genes were
strongly represented in this distribution. The most frequently
selected five-gene model was deemed optimal (Fig. 2B). The five-
gene signature includes four upregulated genes, GLI1, SPHK1,
SHROOM2, and PDLIM3, and one downregulated gene, OTX2.

As described above, the model computes a propensity score of
being HhP (0 to 1) for a given sample based on the expression levels
of the five genes. A cutoff of 0.5 was set a priori and used to
determine the Hh activation status (th vs. Hh; Fig. 3).

A

Figure 2.

Selection of the five-gene model. An
optimal model with minimal error (red
arrow) was determined using the
elastic net algorithm (24) in a five-fold
cross-validation framework. A, cross-
validation was run for each model
parameter pair, shown by the x and y
axes, in which each model provided
an estimate of model error (z axis).
The optimal model was the one that
produced minimal model error in
cross-validation (red arrow). B, to
better understand the potential cross-
validation error, the procedure was B
iterated 10,000 times. The frequency
distribution of the models with five
genes was plotted in a heat-map
format (B, left) and in three dimensions
(B, right) for each model parameter
pair, in which the most frequently
selected model was chosen as optimal
(red arrow).
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Detailed methods are provided (see Patients and Methods section).

Validation of the five-gene model

The five-gene model was fixed and an analysis plan was written
and approved in our validated clinical repository. The model was
then validated with a sample set of 25 matched FFPE and fresh-
frozen medulloblastoma tumors (CHOA) that were not used during
the model-building exercise (Fig. 1). Tissue specimens from 25
patients with a median age of 3 years (range, 0.5—16 years) were
collected at diagnosis (n ¥4 24) or following chemo-therapy (n 4
1). The fresh-frozen samples were analyzed by Affymetrix gene
expression profiling, and Hh activation status was determined as
previously described (7). The matching FFPE medulloblastoma
samples were processed and subjected to gene expression analysis
using the custom TLDA. The five-gene model was used to calculate
the propensity score and predict Hh acti-vation status for each
tumor in this validation set.

Eight patients were classified as HhP and 17 as Hh~ based on
Affymetrix profiling. The identification of Hh activation status from
the five-gene signature showed 100% agreement with the
determination made by Affymetrix profiling. With the five-gene
model, the eight tumors identified to be Hh" had a median
propensity score of 0.879 (range, 0.691—0.976), and the remain-ing
17 tumor samples were considered to be Hh™, with a median
propensity score of 0.007 (range, 0.001-0.03; Fig. 3). The con-
siderable difference in propensity scores between the positive and
negative cases reflects a robustness of Hh status determination by
the five-gene model.
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External validation data for the five-
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Predictive value of five-gene Hh signature for tumor response

Classification of tumors by the five-gene signature and Affyme-
trix profiling both rely on measures of gene expression; therefore, a
strong agreement between the two methods may be somewhat
expected. A more rigorous assessment of the five-gene signature
may be determined using patient samples with accompanying data
showing clinical response to treatment with the potent Hh pathway
inhibitor sonidegib. If the signature is accurate, only those patients
who are classified as Hh activated should respond to sonidegib
therapy, whereas those who are Hh non-activated should not receive
benefit.

To test this hypothesis, the same locked model used in the
validation above was then applied to different samples from patients
enrolled in clinical trials; these data were independent from those
used during the model-building exercise. Pretreatment archival
FFPE tumor specimens from 50 patients with relapsed
medulloblastoma who were enrolled in three phase I clinical studies
of sonidegib were profiled for the five-gene Hh signature by RT-
PCR (19-21). Six patients who achieved partial or complete
response were determined to have Hh™ tumors. One patient with an
Hh" tumor had stable disease for 112 days and 2 patients progressed
after 36 and 65 days. All 41 remaining patients were predicted to
have Hh™ tumors and had disease progression (n % 30), stable
disease (n Y4 5), or were not evaluable for tumor response (n V4 6).
Duration on treatment for patients with Hh"™ tumors ranged from 36
to 288 days, whereas duration on treat-ment for patients with Hh~
tumors was lower, ranging from 10 to 169 days. In retrospect, Hh
tumors appeared to be particularly sensitive to sonidegib, with
tumor responses observed after just 2 months of treatment. For the
three adult patients who obtained partial responses on sonidegib (at
doses of 200, 800, and 1,500

mg once daily), the duration of tumor responses ranged from four to
eight months before documented disease progressi%n (195). Two2
pediatric and one adult patient (dosed at 372 mg/m”, 425 mg/m”,
and 800 mg sonidegib once daily, respectively) also responded and
were in complete remission for 22, >18, and >2 months,
respectively (16).

The association between Hh activation status and tumor response
to sonidegib treatment is shown in Tables 2 and 3. The positive and
negative predictive values of the signature for tumor response are
estimated to be 0.67 [95% confidence interval (CI), 0.30—0.93] and
1.00 (95% CI, 0.91-1.00), respectively. All model scores were
derived using patient samples with blinded response data to remove
any potential bias. Thirty-one patients with medulloblastoma from
the three studies did not have tumors evaluated with the five-gene
signature assay.

Of particular interest, one patient with confirmed partial response
underwent five independent surgeries over a 10-year period, from
initial diagnosis to the latest relapse just before treatment with
sonidegib. Tissue from all five specimens was determined to be Hh
activated by the five-gene signature, indi-cating that Hh pathway
activation status can be stably maintained over an extended period
of time and following recurrence. Several other patients had
multiple tumor samples tested—four patients (1 stable disease, 3
progressive disease) were determined to have Hh™ tumors over the
course of their disease, one patient (com-plete response) had a Hh
tumor throughout the disease course, and another patient (complete
response) had two tumor samples analyzed with different results (1
Hh", 1 Hh7; Table 2). The reason for this discrepancy is being
investigated; however, it could be due in part to a large difference in
tumor content between the two samples.
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Table 2. Observed responses to sonidegib treatment correlated with Hh activation status as determined by the five-gene signature in individual patients

with medulloblastoma

Dose Best overall Five-gene signature—predicted Propensity
Study (once daily) responsea Hh status score
NCT00880308 200 mg PR Activated 0.983
800 mg PRb Activated 0.929, 0.607C, 0.931, 0.880, 0.873
1,500 m PR Activated 0.967
250 mg PD Activated 0.806
800 mg PD Nonactivated 0.384
1,500 mg PD Nonactivated 0.092
NCT01208831 400 mg PD Nonactivated 0.006
600 mg PD Nonactivated 0.003
NCT01125800 372 mg/m* cr® Activated 0.327, 0.874
425 mg/im*“ CR Activated 0.949
800 mg CRl Activated 0.906, 0.729
800mg SD Activated 0.866
680 mg/mZ PD Activated 0.603
800 mg PD Nonactivated 0.246
800 mg PD Nonactivated 0.017
800 mg SD Nonactivated 0.306
233 mg/m” sp® Nonactivated 0.001, 0.002
233 mg/m* PD Nonactivated range, 0.001-0.007"
233 mg/m‘ Unknown Nonactivated 0.024
372 mgim*“ PD' Nonactivated range, 0.001-0.012'
372 mg/m‘ Unknown Nonactivated 0.007
425 mg/m‘ SD Nonactivated 0.038
425 mg/m* PD Nonactivated range, 0.001-0.014’
425 mg/m‘ Unknown Nonactivated 0.003, 0.011"
680 mg/m* ) Nonactivated 0.004, 0.304'
680 mg/m‘ PD Nonactivated range, 0.01 1-0.403"
680 mg/m” Unknown Nonactivated 0.022, 0.445"

Abbreviations: CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease.
#Tumor response was determined by RECIST 1.0 (ref. 33; NCT01208831) and the Neuro-Oncology Criteria of Tumor Response (ref. 34; NCT00880308, NCT01125800). PPatient
provided five blocks of tumor tissues collected throughout the disease course; all samples were Hh activated per the five-gene signature assay.

Low sample quantity.
This patient was treated on a twice-daily schedule.

®patient provided two blocks of tumor tissues collected throughout the disease course; first sample was Hh nonactivated and the second sample was Hh

activated per the five-gene signature assay.

Patient provided two blocks of tumor tissues collected throughout the disease course; both samples were Hh activated per the five-gene signature assay.
Ipatient provided two blocks of tumor tissues collected throughout the disease course; both samples were Hh nonactivated per the five-gene signature
assay. Data from 6 patients treated at 233 mg/m ™, each with progressive disease.

'Data from 8 patients treated at 372 mg/m", each with progressive disease. Three patients provided two (n ¥4 2) or three (n % 1) blocks of tumor tissues
throughout the disease course; all samples were Hh nonactivated per the five-gene signature assay.

IData from 4 patients treated at 425 mg/mz, each with progressive disease.
kData from 2 patients treated at 425 mg/mz, each with unknown response. IData
from 2 patients treated at 680 mg/m”, each with stable disease. "Data from 6
Ratients treated at 680 mg/m”, each with progressive disease.

Data from 2 patients treated at 680 mg/m ™, each with an unknown response.

Discussion

In this study, we have developed and validated a five-gene
signature that robustly identifies Hh pathway activation and patients
most likely to respond to Hh pathway—targeted therapy. Other
studies identifying and analyzing gene signatures have shown
impressive results; however, these studies often lacked rigorous data
analysis and validation (26). Conversely, the gene signature, based
on data from previous gene expression profiling studies, was
independently selected and validated in separate settings. The five-
gene Hh signature assay was optimized for FFPE tumor samples.
The accuracy of the Hh signature model was demonstrated by a
perfect concordance with the Hh status determined by standard
Affymetrix profiling. Furthermore, tumor specimens from patients
with relapsed medulloblastoma treated with the SMO inhibitor,
sonidegib, in three phase I studies demonstrated a strong association
between Hh positivity and tumor response (Table 3). Tumors from
all 6 patients who achiev-

ed either a partial or complete tumor response were classified as Hh
activated according to the five-gene Hh signature, whereas tumors
from 35 nonresponders were Hh nonactivated. The underlying
reason for lack of response in three patients with Hh-activated
tumors is unknown but may be due to pathway activation
downstream of SMO. Data from this study are consis-tent with
profiling studies, suggesting that Hh-activated tumors are more
prevalent in adults and young children (_3 years of age) than in
older children (Table 3; refs. 6, 8). The low preponder-ance of Hh-
activated tumors observed in children evaluated in this study may
be attributed to their age as most children were older than 3 years of
age. This observation may have a significant impact on studies
designed to preselect children with Hh-activated medulloblastoma.

The clinical utility of a gene signature is largely dependent on the

assay used to analyze it. Our procedure overcomes the limitations of
standard profiling techniques, including insufficient sample
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Table 3. Summary of sonidegib activity in Hh pathway—activated medulloblastoma tumors from patients evaluated in three phase | trialsa

Responders/Hh activated Responders/non—Hh activated Total
Adults 4/6” (1 CR, 3 PR) o7 13
Children” 2/3 (2 CR, 1 PD) 0/34 37
PPVZ 0.67 (0.30-0.93)
NPV 1.00 (0.91-1.00)
Sensitivity 1.00 (0.54-1.00)
Specificity 0.93 (0.81-0.99)

Abbreviations: CR, complete response; NPV, negative predictive value; PD, progressive disease; PR, partial response; PPV, positive predictive value.
*These data represent a convenience sample. Thirty-one patients with medulloblastoma from the three studies did not have tumors evaluated with the

five-gene signature assay.
clncludes one patient with stable disease.
Most of the children evaluated were older than 3 years of age.
Values are shown as estimate (Clopper Pearson exact 95% Cls; ref. 35).

quality and/or quantity, high cost, and inefficiency. Furthermore,
because nucleic acids are degraded or modified during FFPE tissue
processing, transcript analysis becomes difficult. To compensate, we
developed a rigorous screening process to identify a group of genes
that were still present and can be robustly analyzed in FFPE
samples. Of note, analyses of serial tumor samples collected from
several patients up to 10 years before treatment with sonidegib
indicate that Hh pathway activation status is maintained from the
initial diagnosis to the time of recurrence. However, in one patient
with multiple tumor samples, Hh pathway activation_ status chan-
ged during the course of the disease, from Hh™ to th . Additional
studies using the five-gene signature are necessary to confirm the
ability to use archival tumor samples to preselect patients for future
clinical studies of sonidegib.

The five-gene Hh signature identified in this study is composed
primarily of genes not previously associated with canonical Hh
signaling. One exception is the zinc finger transcription factor GLI1,
which mediates transcriptional responses to Hh signaling (27).
Upregulation of GLI1 has been observed in numerous malignancies,
including basal cell carcinoma (BCC; ref. 28). Sonidegib exhibited
exposure-dependent inhibition of GLI1 mRNA expression in
normal skin, which correlated with changes in tumor samples in the
phase I study described above and further validates the robustness
of this assay (15). Other genes in the Hh signature that were
upregulated include SHROOM2, which facil-itates contractile
network formation in endothelial cells, PDLIM3, which plays a role
in muscle differentiation, and SPHK1, which catalyzes the
phosphorylation of sphingosine to form sphingo-sine 1 phosphate
(29-31). None of these genes has been previ-ously associated with
medulloblastoma, and their role, if any, in the pathogenesis of
medulloblastoma is unclear. Conversely, OTX2, a transcription
factor involved in early development of the central nervous system,
is amplified and critical for the maintenance and progression of a
subset of medulloblastomas (21%; ref. 32). OTX2 is differentially
expressed in different medulloblastoma subsets and is highly
expressed in medullo-blastomas with amplification (21%; refs. 6,
32). However, it appears that OTX2 expression is low in Hh-
activated medullo-blastomas (6, 32).

In conclusion, the five-gene Hh signature is a robust tool for
identifying patients with Hh pathway—activated medulloblasto-ma
using FFPE tumor samples and can be used to optimize the risk-
benefit of treatment with Hh pathway inhibitors. The tech-niques
used in this study could be adapted for large-scale analysis of
patient samples. Indeed, the five-gene Hh signature assay received
an investigation device exemption from the United States Food and
Drug Administration for use in a clinical trial (Novartis

Pharmaceuticals Corporation, documentation on file) and is
currently being used to determine eligibility in a trial testing the
efficacy of sonidegib in patients with Hh pathway—activated
relapsed medulloblastoma (NCT01708174). This and future trials
testing sonidegib in cancers with evidence of activated Hh signaling
may serve to further validate the positive predictive value of the Hh
signature and provide a clinical tool to guide treatment selection in
patients with medulloblastoma. The five-gene Hh signature is also
being tested in additional tumor types, including BCC; however, the
results thus far are inconclusive as the clinical data are not yet
mature.
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Summary report of the clinical trial “A Study of BYL719 in Adult Patients With
Advanced Solid Malignancies, Whose Tumors Have an Alteration of the
PIK3CA Gene™ (ClinicalTrials.gov Identifier: NCT01219699)

Introduction

The phosphatidylinositol-3-kinase (PI3K)/AKT/mammalian target of rapamycin (mTOR) pathway is
one of the most commonly activated signaling pathways in cancer. Its activation is frequently the
result of mutation or amplification of PIK3CA, the gene that encodes the catalytic subunit (p110a) of
PI3K *7. PI3K/AKT/mTOR pathway activation has been shown to promote tumor growth and
progression, validating this as an attractive target for anticancer therapy."*®

PIK3CA mutations have been observed in a variety of common solid tumors, including in 27-36% of
breast,”’® 18% of colorectal," 13% of head and neck,** and 12% of ovarian cancers.” Typically
PIK3CA mutations are found in three main hot-spot clusters in the helical (E542K and E545K) and
kinase domains (H1047R).* ™ In preclinical models, these mutations lead to constitutive PI3Ka
activation, resulting in cellular transformation and tumorigenesis.'* Preclinical models and early
clinical data have suggested that targeting the PI3K/AKT/mTOR signaling pathway may be effective
in cancers with PIK3CA mutations.””**

A number of PI3K inhibitors are under clinical investigation, including pan-PI3K inhibitors, targeting
all four isoforms of Class | PI3K, and isoform-specific PI3K inhibitors. Alpelisib (BYL719; Novartis
Pharma AG, Basel, Switzerland) is an oral PI3K inhibitor that selectively targets the a-isoform of Class
| PI3K. PI3Ka inhibitors may be effective in cancers that signal heavily through the a-isoform, such as
those with PIK3CA mutations and amplifications and those with mutation or overexpression of
certain RTKs (e.g. HER2).?>*® In comparison with pan-PI3K and dual PI3K/mTOR inhibitors, PI3Ka-
inhibitors may have an increased therapeutic window due to highly specific targeting of the a-
isoform of Class | PI3K. This may lead to an improved safety profile **** and specific inhibition of the
a-isoform may also allow administration at therapeutic doses without being limited by off-target
toxicity.'**

In a variety of cancer cell lines, alpelisib has shown antitumor activity, especially in those harboring
PIK3CA mutations,***>*® and in tumor xenograft models with mutated or amplified PIK3CA.* The
Cancer Cell Line Encyclopedia (CCLE), which catalogued the genetic and molecular profiles of 947
human cancer cell lines, revealed that alpelisib showed marked selective efficacy in PIK3CA-altered
cells lines when compared with PIK3CA-wild-type cell lines. This selective efficacy was also observed
when alpelisib was compared with pan-PI3K inhibitors.** Furthermore, in a screen of 34 PIK3CA-
mutant cancer cell lines, 22 (64.7%) were sensitive to alpelisib compared with 100 (22.7%) out of 440
PIK3CA wild-type cell lines (p=1 x 10° (ECso and A,. cut-offs were 3.04 pmol/L and —30%,
respectively).*

Here we report the full analysis of the first-in-human dose-escalation and expansion study of single-
agent alpelisib in patients with PIK3CA-altered advanced solid tumors or PIK3CA-altered or wild-type
ER receptor-positive (ER+) breast cancer (NCT01219699).
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Patients and methods
Patient population

Adult (218 years) patients with histologically-confirmed, advanced unresectable solid tumors who
had progressed (as per Response Evaluation Criteria in Solid Tumors version 1.0 [RECIST v1.0]) on
their last line of therapy within 3 months before screening/baseline visit, or for whom no standard
anticancer therapy existed, were eligible. The dose escalation arm enrolled patients with PIK3CA-
altered (mutation or amplification) advanced solid tumors. The dose expansion arm also enrolled a
sub-set of patients with PIK3CA wild-type ER+/HER2 negative locally advanced or metastatic breast
cancer. Other key inclusion criteria included: availability of representative tumor sample for
determination of PIK3CA gene status; presence of at least one measurable or non-measurable lesion
as defined by RECIST v1.0; and fasting plasma glucose (FPG) <140 mg/dl (7.8 mmol; and excluding
those with clinically manifest diabetes mellitus [including history of gestational diabetes mellitus], or
documented steroid-induced diabetes mellitus). Key exclusion criteria included: brain metastases
(unless treated and free of attributable signs/symptoms in the absence of corticosteroid therapy);
prior treatment with PI3K, AKT, or mTOR inhibitors and failure to benefit (patients who had shown
clinical benefit from previous treatment with PI3K, AKT, or mTOR inhibitors were permitted);
peripheral neuropathy NCI-CTC Grade 23.

Approval was obtained from the ethics committees of participating institutions and regulatory
authorities. All patients provided written informed consent and agreed to comply with the protocol.
The study was conducted in accordance with the Declaration of Helsinki and guidelines for Good
Clinical Practice as defined by the International Conference on Harmonization.

Study design and dose escalation

This was a Phase IA, multicenter, open-label, dose-escalation study with a dose expansion arm, of
single-agent alpelisib. The primary objective was to determine the maximum tolerated dose (MTD)
or recommended Phase 2 dose (RP2D) of single-agent oral alpelisib (for two dosing regimens).
Secondary objectives included assessment of safety and tolerability, pharmacokinetics (PK), and
preliminary efficacy. Exploratory objectives included assessment of downstream effects of PI3K
pathway inhibition and biomarkers of response.

Patients received oral alpelisib 30-450 mg once-daily (QD) or 120—-200 mg twice-daily (BID) on a
continuous schedule of 28-day cycles (Figure 2). Following MTD determination using a once-daily
schedule, an expansion arm investigated additional patients at the MTD. A twice-daily schedule of
alpelisib was investigated in a parallel study arm. Dose escalation was guided by an adaptive
Bayesian logistic regression model with overdose control.”””® The MTD was defined as the highest
dose of alpelisib that did not cause medically unacceptable dose-limiting toxicities (DLTs) during the
first cycle of treatment in more than 33% of treated patients. Intra-patient dose escalation was not
permitted during the first four cycles of treatment. Patients enrolling in the dose-expansion arm
received alpelisib at the once-daily MTD. Treatment continued until disease progression,
unacceptable toxicity, investigator’s decision, or the patient’s withdrawal of consent.

Safety and efficacy assessments
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Routine clinical and laboratory assessments, including hematology and biochemistry, were
conducted at baseline, weekly until Day 28 of Cycle 2, and then every 2 weeks thereafter. Other
safety assessments, including glucose monitoring, were carried out at baseline and then at regular
intervals throughout the study. Adverse events (AE) were assessed continuously according to
Common Toxicity for Adverse Events (CTCAE) v4.0, unless otherwise specified (i.e. hyperglycemia).
Criteria for the grading of hyperglycemia were based on a modified version of the American Diabetes
Association (ADA) accepted criteria.”

Tumor radiologic response was assessed by computerized tomography or magnetic resonance
imaging according to RECIST v1.0 at screening (before start of therapy) on Day 28 of Cycle 2 and
every 8 weeks thereafter.

Biomarker and pharmacodynamic (PD) and PET assessments

Tumor biopsies (fresh/archival) were collected from all patients prior to starting study treatment to
assess PIK3CA gene status. Paired (pre- and post-treatment) fresh tumor samples were collected
where possible to assess biomarkers that may be predictive of response including (but not limited
to) PTEN alteration, KRAS, and BRAF mutations. Blood samples for glucose metabolism markers
(FPG, insulin and C-peptide) were collected at baseline, pre-dose, and 2 and 4 hours post-dose on
Day 2 and 9 of Cycle 1 and Day 2 of Cycle 2, and 4—6 hours post-dose on Day 28 of Cycle 2.

Results
Patient characteristics and disposition

Between October 2010 and March 2014, 132 patients with locally-assessed PIK3CA-altered advanced
solid tumors or PIK3CA-altered or wild-type ER+ breast cancer, were enrolled across 11 clinical sites
(Table 1). All patients had received prior antineoplastic therapy. In 42 (31.8%) patients, the last
treatment prior to enrolment in the study was in the adjuvant or neoadjuvant setting.

One-hundred and six patients received once-daily alpelisib (30 mg [n=1], 60 mg [n=3], 90 mg [n=6],
180 mg [n=6], 270 mg [n=4], 300 mg [n=8], 350 mg [n=6], 400 mg [n=63], 450 mg [n=9] QD). Twenty-
six patients received twice-daily alpelisib (120 mg [n=5], 150 mg [n=15], 200 mg [n=6] BID).

As of March 10, 2014, 122 patients had discontinued treatment; 99 (75.0%) due to disease
progression, 18 (13.6%) due to AEs, 3 (2.3%) due to patient withdrawal of consent, and 2 (1.5%) due
to death (unrelated to study drug).

Dose escalation and dose-limiting toxicities (DLTs)

Of 76 patients evaluable during dose escalation, 9 (11.8%) DLTs were reported: 4 at 450 mg/QD
(hyperglycemia* [n=2], nausea [n=2]); all Grade 3); 1 at 150 mg/BID (Grade 3 hyperglycemia and
hypophosphatemia); and 4 at 200 mg/BID (Grade 3 hyperglycemia [n=1] and Grade 4 hyperglycemia
[n=3]). One case of Grade 3 hyperglycemia in a patient treated with alpelisib 450 mg/QD was not
suspected to be related to study treatment. Two DLTs (Grade 3 intractable nausea and one case of
Grade 4 hyperglycemia) led to hospitalization and permanent discontinuation of the study
treatment; other DLTs were managed by interruption or adjustment of study treatment (and
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concomitant medication as necessary). The MTDs of alpelisib for two dosing regimens were declared
as 400 mg/QD and 150 mg/BID.

*Grade 2 hyperglycemia (confirmed with a repeat FPG within 24 hours) that does not resolve to Grade 0 within
14 consecutive days (after initiation of glimepiride, glibenclamide or metformin) > Grade 3 hyperglycemia
(confirmed with a repeat FPG within 24 hours).”

Safety and tolerability

Median exposure to alpelisib was 11.9 (range: 0.4-98) weeks; 9.1 (range: 1-98) weeks in the 63
patients treated with 400 mg QD, and 13 (range 4-60.9) weeks in the 15 patients treated with 150
mg BID. Overall, single-agent alpelisib had a manageable toxicity profile. Across both treatment
schedules, the most frequent AE observed and suspected to be study treatment-related was
hyperglycemia, which was reported in 62 (47.0%) patients, and was Grade 3/4 in 31 (23.5%) patients
(Table 2). In general, hyperglycemia was more frequently reported in patients receiving twice-daily
alpelisib (40.0, 53.3, and 100% of patients in the 120, 150, and 200 mg/BID groups, respectively) and
those receiving higher doses of alpelisib once daily (33.3, 50.8, and 66.7% of patients receiving 350,
400, and 450 mg/QD, respectively). Other frequent (>20%) all-grade AEs suspected to be study
treatment-related were nausea (46.2%), diarrhea (37.9%), decreased appetite (37.1%), fatigue
(28.8%), and vomiting (27.3%). With the exception of hyperglycemia, which is considered an ‘on-
target’ effect of PI3K inhibition, Grade 3/4 AEs suspected to be related to study treatment were not
commonly reported (0-3%). Hyperglycemia was a DLT in 7 patients; however in the overall patient
population this was readily managed with oral anti-glycemic medications and generally responded to
concomitant treatment. In most patients with hyperglycemia, alpelisib could be restarted with a
dose reduction where needed. Hyperglycemia despite medical management was a reason for
discontinuation in 6 (4.5%) patients. Skin toxicity (including rash, dermatitis, and other cutaneous
hypersensitivities) suspected to be related to study treatment was observed in 46 (34.8%) patients
receiving alpelisib. Rash associated with alpelisib was generally a maculo-papular eruption, which
was mild-to-moderate in nature, and in some patients was associated with pruritus. Hypersensitivity
was typically dose-related and developed early during treatment, with 37 (28.0%) cases being
observed in the first cycle. Patients with rash were managed with concomitant antihistamine or
corticosteroid therapy and dose interruptions or reductions were infrequent.

Sixteen (12.1%) patients experienced serious AEs* suspected to be study-drug related. The most
frequent all-grade serious AEs were: hyperglycemia, nausea, pneumonia, vomiting (each observed in
7 [5.3%]) patients) and pyrexia (6 [4.5%] patients). There were 9 on-study deaths during the study;
none were study-drug related.

*SAE: medically important and significant adverse event, which requires inpatient hospitalization,
results in persistent or significant disability/incapacity, or is fatal or life-threatening.

PK analysis

Alpelisib was rapidly absorbed, with median time to reach peak plasma concentrations (T,.,) on
C1D1 approximately 2 hours at both MTDs. The median half-life of alpelisib was 7.5 (range: 4.6-27.1)
hours at 400 mg/QD and 3.6 hours (range: 2.8-6.8 hours) at 150 mg/BID. The PK profiles of alpelisib
were comparable across multiple time points (C1D1, C1D8, and C2D1) suggesting minimal drug
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accumulation (Figure 2, Table 1). Systemic exposure to once- and twice-daily alpelisib appears to be
dose proportional within the range tested. Across the dose range tested, between-subject variability
(mean coefficient of variation %) was moderate with 15-43% for both C., and AUC,,, at steady
state for the once-daily dosing regimen. For the twice-daily dosing regimen, between-subject
variability was moderate to high with 26-54% for C,,., and AUCy_,, at steady state.

Clinical activity

Overall, 131 patients were evaluable for response. Partial responses (PRs) were reported in 7 (5.3%)
patients (2 at 270 mg/QD, 1 at 350 mg/QD, 2 at 400 mg/QD, and 2 at 150 mg/BID) and 68 (51.9%)
patients had stable disease (SD; Figure 3). In addition to the two PRs observed at each of the MTDs,
SD was observed in 31 (of 62 evaluable patients) receiving alpelisib 400 mg/QD and 8 (of 15
evaluable patients) receiving alpelisib 150 mg/BID. The PRs were observed after 2—6 treatment
cycles. The disease control rate (DCR), defined as complete responses + PRs + SD (for 26 weeks), was
53.2% (95% confidence interval [Cl]: 40.1-66.0) in those treated with alpelisib 400 mg/QD and 66.7%
(95% Cl: 38.4-88.2) in those treated with alpelisib 150 mg/BID.

DCRs varied according to tumor type; in patients with head and neck cancer (n=12), the DCR was
75%, in patient with breast cancer, it was 62.9%, while in patients with colorectal cancer (CRC;
n=35), it was 31.4%. At the MTDs, DCRs for patients with breast and head and neck cancers were:
60.9% at 400 mg/QD (n=23) and 66.7% at 150 mg/BID (n=3) in patients with breast cancer, and
62.5% at 400 mg/QD (n=8) in patients with head and neck cancer. No patients with head and neck
cancer were treated with alpelisib 150 mg/BID. Of the 35 patients with breast cancer, one patient
with ER+, PR+, HER2— breast cancer had a PR and 21 patients with breast cancer had SD: 11 with
ER+/HER2- disease; seven with ER+/HER2+ disease; and two each in patients with ER—/HER2+
disease and patients with triple negative disease. No clinical activity (i.e. no CR, PR, or SD) was
observed in the four patients with PIK3CA-wild-type breast cancer in the dose expansion arm.

Fifty-six patients showed some tumor shrinkage (‘negative’ best percentage change from baseline in
sum of longest diameter [SLD]), including 14 showing >30% tumor shrinkage. Tumor shrinkage was
seen across tumor types. Among ten* patients with head and neck cancer, five showed some tumor
shrinkage, including two with >30% tumor shrinkage; among 25* patients with breast cancer, 15
showed some tumor shrinkage, including two with >30% tumor shrinkage and one with >50% tumor
shrinkage (PR); among 32* patients with CRC, 12 demonstrated tumor shrinkage, including one with
~60% tumor shrinkage (PR); and among 12* patients with ovarian cancer, six showed tumor
shrinkage, including one with ~40% tumor shrinkage.

*excludes patients with no post-baseline assessment for target lesions or patients with only non-
target lesions.

Biomarker and PD analysis

Based on the role of PI3K signaling in the control of glucose metabolism in both tumor and normal
tissue, the PD effect of alpelisib on plasma glucose and tumor glucose uptake via FDG-PET changes
was investigated. Figure 4 shows that there was a dose-dependent increase in the maximum change
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of the FPG level in the first treatment cycle; these increases were most pronounced between the
alpelisib 400 and 450 mg/QD dose levels and the 150 and 200 mg/BID dose levels, resulting in
hyperglycemia as a DLT in 7 patients (as discussed) (22). This finding was corroborated by a dose-
dependent decrease in the tumor uptake of FDG-PET (Figure 4d). In general, alpelisib administration
was associated with dose-dependent increases in C-peptide and insulin from baseline during the first
treatment cycle.

Sixty-two patients were evaluable for both efficacy data and next generation sequencing (NGS)
analysis. Eighteen patients with CRC were evaluable; among these patients, one patient (treated
with 150 mg/BID) with PIK3CA, KRAS, APC, and SMAD4 mutations showed a PR (~60% tumor
shrinkage as previously mentioned) (Figure 5a). Twelve patients with CRC had PD; 9 patients had
PIK3CA, TP53, and APC mutations, and 7 of these 9 also had a concomitant KRAS mutation. Eleven of
18 evaluable patients with breast cancer experienced SD; 9 of whom had PIK3CA mutations,
including 3 patients who also had TP53 mutations (Figure 5b). Thirteen patients with “other tumor
types” were evaluable and two PRs were observed; one in a patient with cervical cancer who had
PIK3CA and NOTCH1 mutations (~50% tumor shrinkage), and the other in a patient with endometrial
cancer who had PIK3CA and TP53 mutations and amplification of ERBB2 (HER2) (~30% tumor
shrinkage) (Figure 5e).

Discussion

These results indicate that alpelisib has an acceptable safety profile at the MTDs (400 mg/QD and
150 mg/BID), in a population of patients including those with PIK3CA-altered advanced solid tumors,
and those with PIK3CA-altered and wild-type ER+ breast cancer. The most common (>20%) AEs
associated with alpelisib were largely on-target effects which are generally typical of those
experienced with PI3K inhibitors, including hyperglycemia, gastrointestinal AEs, fatigue and rash. In
particular, due to the central role of the PI3K/AKT/mTOR pathway in glucose homeostasis regulation,
hyperglycemia is a common class effect associated with PI3K inhibitors.’*® In this study,
hyperglycemia resolved quickly upon dose interruption and was typically fully managed with oral
anti-diabetic treatment. Rash was well managed with concomitant antihistamine or corticosteroid
therapy. The mechanism of alpelisib rash is unclear, but is thought to be a combination of
hypersensitivity (i.e. adaptive immune-based mechanisms) and on-target inhibition of PI3Ka
(removing the skin’s protection against UVA radiation).

PK/PD simulation demonstrating the dose-dependency of antitumor effects, predicts a difference
between once- and twice-daily dosing regimens which is slightly in favor of the twice-daily regimen.
This is due to greater time over estimated 1C50/1C80 concentration required for the constant
inhibition of PI3Ka (and pathway).>* However, as the once-daily regimen is better tolerated based on
the safety data presented, only once-daily dosing was further pursued during clinical development.
Alpelisib was rapidly absorbed with exposure to both dosing regimens increasing dose proportionally
between 30 mg/QD and 450 mg/QD and between 120 mg/BID and 200 mg/BID. The PK profiles were
comparable across multiple time-points, suggesting minimal drug accumulation.

Preliminary clinical activity of alpelisib was observed, with PRs observed at both the once- and twice-
daily MTDs. In addition, there was evidence of antitumor activity in a variety of tumor types,
including breast cancer and head and neck cancer. No antitumor activity was observed in the 4
patients with PIK3CA-wild-type breast cancer treated in the dose expansion arm. Despite small

patient numbers, the DCR varied across different tumor types, with lower rates observed in CRC
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than in breast and head and neck cancer. This suggests that, despite the presence of PIK3CA
alterations in all the treated tumor types, tumor lineage also plays a role in determining sensitivity to
alpelisib and supports the further investigation of alpelisib in these tumor types. In addition, PD
effects on plasma glucose suggest dose-dependent inhibition of PI3K pathway signaling.

This study is unique in that only patients with PIK3CA alterations were considered eligible from the
first dose during dose escalation. The results support preclinical data from the CCLE which shows
that PIK3CA mutation status enriches for alpelisib response,™ and add to the evidence from early
clinical studies showing that patients with PIK3CA mutations (albeit with a heterogeneous range of
tumors) treated with PIK3/AKT/mTOR inhibitors demonstrated a higher response rate than patients

without mutations.?*!

However, these data contrast with some observations with pan-PI3K and
mTOR inhibitors whereby PIK3CA alterations have not been predictive of response. Further studies

are required to characterize this and other predictors of response.

These results demonstrate the clinical safety and tolerability, favorable PK profile and early
antitumor activity observed with alpelisib in patients with PIK3CA-altered advanced solid tumors and
those with PIK3CA-altered ER+ breast cancer. Ongoing studies are underway to further assess the
use of alpelisib as a single agent and in combination with endocrine therapy and other targeted
agents, across a range of tumor types, including ER+ breast cancer and head and neck squamous cell
carcinoma.
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Tables and figures

Figure 1. Study design
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Figure 2. Geometric mean plasma concentration-time profiles of alpelisib

Cin ciDa

C201

3500
2000

1000
500

Concentration (ng/ mL)
ki

0.14

024638 24 02468
Time point (hr)

BID, twice-daily; C, cycle; D, day; Hr, hour; QD, once-daily
Data cut-off: March 10, 2014

24

Treatment group:

A
L ]
O

Fa%
L]

30 maq QD

&0 myg QD

%0 mg QD

180 mg QD
Zi0mg QD
300 mg QD
350 mg QD
400 mg QD
450 mg QD
120 ma BID
150 mg BID
200 mg BID

159



Figure 3. Best percentage change in sum of longest diameters and best overall response according to primary site of cancer and treatment
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Figure 4. Maximum fold increase from baseline in fasting plasma glucose parameters, cycle
1, by treatment group

a. Plasma glucose

d.;l .
4 a
a5 s 3 I .
F 25 °
_! e
= = ) .
i. L[4 I
HEA N +
é + |7 E Jf
H - ] b -
S B b T W, Gy A
'?;?-,;,0 "b_,% gﬁ%r %9%*'%% a%%"o% %, %"’9% % %'?’9% ﬁp%%"i?%
% A ey R, B, Ty hg By T, 8, T,
b. Insulin
1@ °
1
d'D_ -
a0
£
E ] o -] °
oe
: - R

(RN - — : : : : : :
b, B, B w B B @a; T Wy R W B
) e,
%'00 %clﬂ Py, b bg, '??3 %3 .:33 ”’9 % '?s?a “’-”93 ?;?a

B, Ry Ty Ty A, T, By Ry TRy 5 o

161



c. C-peptide
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Figure 5. Genetic alterations observed in tumor samples with known/likely functional

significance using NGS analysis and best percentage change from baseline in sum of longest
diameters as per investigator by treatment group
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Table 1. Patient characteristics at baseline

Characteristic

Patients (N=132)

Age, years

Median range 59 (21-82)
Sex, n (%)

Male 35(26.5)

Female 97 (73.5)
ECOG Performance Status, n (%)*

0 51 (38.6)

1 74 (56.1

2 6 (4.5)
Primary cancer site, n (%)

Breast 35(26.5)

Head & neck 13 (9.8)

Colorectal 35 (26.5)

Ovarian 14 (10.6)

Other' 35 (26.5)
Time since initial diagnosis, n (%)

<12 months 8(6.1)

12—<36 months 56 (42.4)

>36 months 68 (51.5)
Median number of prior antineoplastic therapies (range) 4 (1-19)
PI3K molecular status

Altered 123 (93.2)

Wild-type 5(3.8)

Missing 4 (3.0)

ECOG, Eastern Cooperative Oncology Group
*Data was missing for 1 patient

tPrimary cancer sites classed as ‘other’ include: lung, cervix (both n=5), oral cavity, uterus, and endometrium (all n=3)

Data cut-off: March 10, 2014
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Table 2. Adverse events (210%) suspected to be related to study treatment

Adverse event, n

Once-daily doses

Twice-daily doses

(%) Grade <270 mg* 300 mg 350 mg 400 mg 450 mg 120 mg 150 mg 200 mg
(n=20) (n=8) (n=6) (n=63) (n=9) (n=5) (n=15) (n=6) All (N=132)
Total All 17 (85.0) 7 (87.5) 6 (100) 60 (95.2) 9 (100) 5(100) 15 (100) 6 (100) 125 (94.7)
3/4 2 (10.0) 1(12.5) 3(50.0) 30 (47.6) 6 (66.7) 2 (40.0) 6 (40.0) 6 (100) 56 (42.4)
Hyperglycemia All 5(25.0) 1(12.5) 2(33.3) 32 (50.8) 6 (66.7) 2 (40.0) 8(53.3) 6 (100) 62 (47.0)
3/4 0 1(12.5) 0 16 (25.4) 3(33.3) 1(20.0) 5(33.3) 5(83.3) 31(23.5)
Nausea All 6 (30.0) 3(37.5) 4 (66.7) 30(47.6) 6 (66.7) 0 8(53.3) 4 (66.7) 61 (46.2)
3/4 0 0 0 1(1.6) 2(22.2) 0 0 0 3(2.3)
Diarrhea All 3(15.0) 3(37.5) 3 (50.0) 26 (41.3) 5 (55.6) 2 (40.0) 5(33.3) 3 (50.0) 50 (37.9)
3/4 0 0 0 2(3.2) 0 0 0 1(16.7) 3(2.3)
Decreased All 4 (20.0) 3(37.5) 3 (50.0) 24 (38.1) 5 (55.6) 1(20.0) 5(33.3) 4 (66.7) 49 (37.1)
appetite 3/4 0 0 1(16.7) 1(1.6) 0 0 0 0 2 (1.5)
Fatigue All 5(25.0) 3(37.5) 1(16.7) 20(31.7) 3(33.3) 0 5(33.3) 1(16.7) 38(28.8)
3/4 0 0 0 0 1(11.1) 0 0 0 2 (1.5)
Vomiting All 6 (30.0) 2 (25.0) 2 (33.3) 19 (30.2) 3(33.3) 0 1(6.7) 3 (50.0) 36 (27.3)
3/4 0 0 0 3(4.8) 0 0 0 0 3(2.3)
Stomatitis All 0 3(37.5) 1(16.7) 10 (15.9) 2(22.2) 1(20.0) 5(33.3) 2 (33.3) 24 (18.2)
3/4 0 0 0 0 0 0 0 0 0
Dyguesia All 1(5.0) 1(12.5) 1(16.7) 7 (11.1) 2(22.2) 1(20.0) 2 (13.3) 3(50.0) 18 (13.6)
3/4 0 0 0 0 0 0 0 0 0
Dyspepsia All 3(15.0) 2 (25.0) 1(16.7) 6 (9.5) 0 1(20.0) 2 (13.3) 2 (33.3) 17 (12.9)
3/4 0 0 0 0 0 0 0 0 0
Rash All 3(15.0) 2 (25.0) 0 5(7.9) 2(22.2) 0 3(20.0) 2 (33.3) 17 (12.9)
3/4 0 0 0 0 0 0 0 0 0
Weight decrease All 1(5.0) 3(37.5) 1(16.7) 4(6.3) 3(33.3) 0 2 (13.3) 1(16.7) 15 (11.4)
3/4 0 0 0 0 0 0 0 0 0
Dry skin All 1(5.0) 3(37.5) | 2(33.3) 5(7.9) 0 0 2 (13.3) 1(16.7) 14 (10.6)
3/4 0 0 0 0 0 0 0 0 0
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Maculopapular
rash

All
3/4

1(16.7)

9 (14.3)
3(4.8)

1(11.1)

2 (13.3)

1(16.7)

14 (10.6)
3(2.3)

*<270 mg =30, 60, 90, and 180 mg doses.

All AEs, with the exception of hyperglycemia, were defined according to NCI-CTCAE v4.0 criteria.

Data cut-off: March 10, 2014
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Anexo 4 Estudios con Pilaralisib, Buparlisib y Sonidegib

Estudios con Pilaralisib realizados tras el ensayo fase | aqui presentado (NCT00486135)

Titulo: Study of XL147 (SAR245408) in Combination With Trastuzumab or Paclitaxel and
Trastuzumab in Subjects With Breast cancer Who Have Progressed on a Previous Trastuzumab-
based Regimen

Patologias: Cancer de mama|Neoplasmas de mama

Intervenciones: Farmaco: XL147 (SAR245408) | Bioldgico: trastuzumab | Farmaco: paclitaxel
URL: http: //ClinicalTrials.gov/show/NCT01042925

Titulo: Study of XL147 (SAR245408) or XL765 (SAR245409) in Combination With Letrozole in
Subjects With Breast cancer

Patologias: Cancer de mama

Intervenciones: Farmaco: XL147 (SAR245408)|Farmaco: XL765 (SAR245409)|Farmaco:
letrozole (Femara)

URL: http: //ClinicalTrials.gov/show/NCT01082068

Titulo: Study of XL147 (SAR245408) in Advanced or Recurrent Cancer endometrial
Patologias: Cancer endometrial | Neoplasmas del endometrio

Intervenciones: Farmaco: XL147 (SAR245408)

URL: http: //ClinicalTrials.gov/show/NCT01013324

Titulo: Safety Study of XL147 (SAR245408), in Combination With Paclitaxel and Carboplatin in
Adults With Solid tumors

Patologias: Cancer|Cancer de pulmén de células no pequefias|Carcinoma endometrial
| Carcinoma de ovario

Intervenciones: Farmaco: XL147(SAR245408), | Farmaco: paclitaxel | Farmaco: carboplatin

URL: http: //ClinicalTrials.gov/show/NCT00756847

Titulo: Safety Study of XL147 (SAR245408) in Combination With Erlotinib in Adults With Solid
tumors

Patologias: Cancer|Cancer pulmonar de células no pequefias

Intervenciones: Farmaco: XL147 (SAR245408) | Farmaco: Erlotinib

URL: http: //ClinicalTrials.gov/show/NCT00692640

Titulo: Exploratory Study of XL765 (SAR245409) or XL147 (SAR245408) in Subjects With
Recurrent Glioblastoma Who Are Candidates for Surgical Resection

Patologias: Glioblastoma| Astrocitoma, Grado IV

Intervenciones: Farmaco: XL765 (SAR245409) | FArmaco: XL147 (SAR245408)

URL: http: //ClinicalTrials.gov/show/NCT01240460

Titulo: Safety Study of XL647 and XL147 Administered in Combination Daily in Adults With Solid
tumors

Patologias: Cancer| Cancer pulmonar de células no pequenas |Cancer de mama
Intervenciones: Farmaco: XL647 | Farmaco: XL147

URL: http: //ClinicalTrials.gov/show/NCT00704392

Titulo: Safety and Pharmacokinetics of SAR245408 Daily Oral in Patients With Solid tumors
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Patologias: Neoplasma maligno
Intervenciones: Farmaco: SAR245408
URL: http: //ClinicalTrials.gov/show/NCT01392924

Titulo: Oral SAR245408 (XL147) and Oral MSC1936369B in Patients With Locally Solid tumors
Patologias: tumores solidos

Intervenciones: Farmaco: SAR245408 (XL147)|Farmaco: MSC1936369B

URL: http: //ClinicalTrials.gov/show/NCT01357330

Estudios con Buparlisib realizados posteriormente al ensayo en fase | aqui presentado
(NCT01068483)

Titulo: BKM120 + Carboplatin + Paclitaxel for Patients With Solid tumors

Patologias: Tumores sélidos

Intervenciones: Farmaco: BKM120 days 1 - 21 plus paclitaxel + carboplatin|Farmaco: BKM120
(days 1 - 28, ) plus paclitaxel + carboplatin|Farmaco: BKM120 (days 1-21) + paclitaxel(day 1) +
carboplatin (day 1)|Farmaco: BKM120, Paclitaxel + Carboplatin

URL: http: //ClinicalTrials.gov/show/NCT01297452

Titulo: Palliative Thoracic Radiotherapy Plus BKM120

Patologias: Carcinoma, Cancer pulmonar de células no pequefias
Intervenciones: Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT02128724

Titulo: Combination of BKM120 and Bevacizumab in Refractory Solid tumors and Relapsed/
Glioblastoma Multiforme

Patologias: Glioblastoma Multiforme

Intervenciones: Farmaco: Bevacizumab|Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01349660

Titulo: A Trial of Irinotecan and BKM120 in Previously Treated Colorectal Cancer
Patologias: Cancer Colorrectal

Intervenciones: Farmaco: Irinotecan|Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01304602

Titulo: A Trial of Gefitinib in Combination With BKM120 in Patients With non small-cell lung
cancer, With Enrichment for Patients Whose Tumours Harbour Molecular Alterations of PI3K
Pathway and Known to Overexpress EGFR

Patologias: Cancer pulmonar de células no pequefias|Tumores sdlidos

Intervenciones: Farmaco: Gefitinib and BKM120

URL: http: //ClinicalTrials.gov/show/NCT01570296

Titulo: BKM120 in Metastatic Castration-resistant Prostate Cancer

Patologias: Cancer de prdstata|Metastdsico (Invasidn de otras zonas del cuerpo)
Intervenciones: Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01385293

Titulo: Trial of Erlotinib and BKM120 in Patients with non small-cell lung cancer Previously
Sensitive to Erlotinib
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Patologias: Cancer pulmonar de células no pequefias
Intervenciones: Farmaco: BKM120 and Erlotinib
URL: http: //ClinicalTrials.gov/show/NCT01487265

Titulo: A Phase Ill Study of BKM120 With Fulvestrant in Patients With HR+,HER2-, Al Treated,
Locally Advanced or Metasttatic Breast Cancer Who Progressed on or After mTORIi

Patologias: Metastdsico Cancer de mama HR+, HER2-

Intervenciones: Farmaco: Fulvestrant|Farmaco: BKM120|Farmaco: BKM120 matching placebo
URL: http: //ClinicalTrials.gov/show/NCT01633060

Titulo: BKM120 and Fulvestrant for Treating Postmenopausal Patients With Estrogen Receptor-
Positive Stage IV Breast cancer

Reclutamiento: Active, not recruiting

Intervenciones: Farmaco: BKM120|Farmaco: Fulvestrant|Procedimiento: biopsy

URL: http: //ClinicalTrials.gov/show/NCT01339442

Titulo: PI3K Inhibitor BKM120, Carboplatin, and Pemetrexed Disodium in Treating Patients
With Stage IV Non small-cell lung cancer

Patologias: Adenocarcinoma pulmonar| Cancer de pulmén de células broncoalveolar
es|Carcinoma pulmonar de células grandes|Recurrent Cancer pulmonar de células no
pequefias| Cancer pulmonar de células no pequenfias en Fase IV

Intervenciones: Farmaco: PI3K inhibitor BKM120|Farmaco: pemetrexed disodium|Farmaco:
carboplatin|Otros: laboratory biomarker analysis|Otros: pharmacological
study | Procedimiento: quality-of-life assessment

URL: http: //ClinicalTrials.gov/show/NCT01723800

Titulo: A Dose-finding Study of a Combination of Imatinib and BKM120 in the Treatment of 3rd
Line GIST Patients

Patologias: GIST en 32 linea

Intervenciones: Farmaco: STI571 + BKM120|Farmaco: STI571 + BKM120|Farmaco: STI571 +
BKM120

URL: http: //ClinicalTrials.gov/show/NCT01468688

Titulo: Pharmacodynamic Study of BKM120 in Breast cancer
Patologias: Cancer de mama

Intervenciones: Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01513356

Titulo: A Phase | Dose Escalation Study of BKM120 With Radiation Therapy and Temozolomide
in Patients With Newly Diagnosed Glioblastoma

Patologias: Glioblastoma

Intervenciones: Farmaco: BKM120 + temozolomide|Farmaco: BKM120 +temozolomide
with/without radiotherapy

URL: http: //ClinicalTrials.gov/show/NCT01473901

Titulo: Phase | Study of the Oral PI3Kinase Inhibitor BKM120 or BYL719 and the Oral PARP
Inhibitor Olaparib in Patients With Recurrent Triple Negative Breast cancer or High Grade
Serous Ovarian cancer

Patologias: Cancer ovérico|Cancer de mama

Intervenciones: Farmaco: BKM120 and Olaparib|Farmaco: BYL719 and Olaparib
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URL: http: //ClinicalTrials.gov/show/NCT01623349

Titulo: A Study of the Experimental FAdrmaco BKM120 With Paclitaxel in Patients With HER2
Negative, Locally Advanced or Metastatic Breast Cancer With or Without PI3K Activation
Patologias: Cancer de mama

Intervenciones: Farmaco: Paclitaxel | FArmaco: BKM120 matching placebo|Farmaco: BKM120
URL: http: //ClinicalTrials.gov/show/NCT01572727

Titulo: Neoadjuvant BKM120 in High-risk Prostate Cancer
Patologias: Cancer de préstata de alto riesgo
Intervenciones: Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01695473

Titulo: PI3K Inhibitor BKM120 and Docetaxel in Treating Patients With Solid Tumor That is
Locally advanced, Cannot Be Removed By Surgery or Metastatic.

Patologias: Tumor sdlido sin especificar en adulto, especifico del protocolo

Intervenciones: Farmaco: PI3K inhibitor BKM120|Farmaco: docetaxel|Otros: pharmacological
study | Otros: questionnaire administration | Otros: laboratory biomarker analysis

URL: http: //ClinicalTrials.gov/show/NCT01540253

Titulo: Bevacizumab and BKM-120 in Patients With Renal Cell Carcinoma
Resultados del estudio: Resultados no disponibles

Patologias: Carcinoma de células renales

Intervenciones: Farmaco: BKM-120 Bevacizumab

URL: http: //ClinicalTrials.gov/show/NCT01283048

Titulo: Study of BKM120 in Squamous Cell Carcinoma of Head and Neck

Patologias: Cancer metastasico de células escamosas de cabeza y cuello|Cancer recurrente de
células escamosas de cabeza y cuello

Intervenciones: Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01527877

Titulo: Phase Ib Study of BKM120 With Cisplatin and XRT in High Risk Locally advanced
Squamous Cell Cancer of Head and Neck

Patologias: Carcinoma de células escamosas de cabeza y cuello | Carcinoma orofaringeo de
células escamosas VPH positivo | Cancer de la hipofaringe | carcinoma de células escamosas
de cuello uterino invasivo precoz | Carcinoma de laringe | Cancer de nasofaringe
Intervenciones: Farmaco: BKM120|Farmaco: Cisplatino|Radiacién: Radioterapia de intensidad
modulada (IMRT)

URL: http: //ClinicalTrials.gov/show/NCT02113878

Titulo: Cisplatin, Etoposide and PI3K Inhibitor BKM120 in Treating Patients With Advanced
Solid Tumors or Small Cell Lung Cancer

Patologias: Cancer de pulmédn de células pequefias en fase avanzada|Tumor sélido en adulto
no especificado, especifico del protocolo

Intervenciones: Farmaco: BKM120|Farmaco: cisplatino | Farmaco: etopdésido

URL: http: //ClinicalTrials.gov/show/NCT02194049

Titulo: Study of BKM120 & Rituximab in Patients With Relapsed or Refractory Indolent B-Cell
Lymphoma
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Patologias: Linfoma de de células B de la zona marginal extranodal del tejido linfoide asociado
a mucosas | Linfoma de de células B de la zona marginal extranodal |Linforma folicular
recurrente de grado 1 | Linforma folicular recurrente de grado 2| Linforma folicular recurrente
de grado 3|linfoma de células de manto recurrente |Linforma de la zona marginal recurrente|
Linfoma esplénico de la zona marginal | Macroglobulinemia de Waldenstrom

Intervenciones: Farmaco: PI3K inhibitor BKM120|Bioldgico: rituximab | Otros:
Pharmacodynamics | Otros: estudios correlativos

URL: http: Ensayos clinicos. ID. del gobierno

Titulo: Phase Il Study of BKM120 for Subjects With Recurrent Glioblastoma
Reclutamiento: Active, not recruitinglntervenciones: Farmaco: BKM120|Farmaco: Surgery
URL: http: Ensayos clinicos. ID. del gobierno

Titulo: A Study to Investigate Safety, Pharmacokinetics (PK) and Pharmacodynamics (PD) of
BKM120 Plus GSK1120212 in Selected Advanced Solid Tumor Patients

Patologias: Tumores sélidos avanzados y seleccionados

Intervenciones: Farmaco: BKM120|Farmaco: GSK1120212

URL: http: Ensayos clinicos. ID. del gobierno

Titulo: Study to Assess Safety, Tolerability and Preliminary Efficacy of BKM120, PI3K Kinase
Inhibitor, With Leukemias

Patologias: Leucemia

Intervenciones: Farmaco: BKM120|Farmaco:

URL: http: Ensayos clinicos. ID. del gobierno

Titulo: Phase Ib of Abiraterone Acetate Plus BEZ235 or BKM120 in Castration-resistant Prostate
Cancer (CRPC) Patients

Patologias: Cancer de prostata resistente a la castracion

Intervenciones: Farmaco: BEZ235|Farmaco: BKM120|Farmaco: BEZ235|Farmaco:
BKM120|Farmaco:

URL: http: Ensayos clinicos. ID. del gobierno

Titulo: Phase Il Study of BKM120/Placebo With Fulvestrant in Postmenopausal Patients With
Hormone Receptor Positive HER2-negative Locally Advanced Breast Cancer Refractory to
Aromatase Inhibitor

Patologias: Cancer de mama

Intervenciones: Farmaco: BKM120 Matching placebo|Farmaco: Fulvestrant|Farmaco:
BKM120|Farmaco:

URL: http: Ensayos clinicos. ID. del gobierno

Titulo: A Trial of BKM120 (a PI3K Inhibitor) in Patients With Triple Negative Breast Cancer
Patologias: Cancer de mama

Intervenciones: Farmaco: BKM120|Farmaco:

URL: http: Ensayos clinicos. ID. del gobierno

Titulo: BKM120 for Patients With PI3K-activated Tumors
Patologias: Tumores con activacién de la via de PI3K
Intervenciones: Farmaco: BKM120|Farmaco:

URL: http: Ensayos clinicos. ID. del gobierno
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Titulo: Safety and Efficacy of BKM120 and Lapatinib in HER2+/PI3K-activated, Trastuzumab-
resistant Breast cancer

Patologias: Cancer de mama

Intervenciones: Farmaco: BKM120 + lapatinib

URL: http: Ensayos clinicos. ID. del gobierno

Titulo: BKM120 + mFOLFOX6 in Advanced Solid TumorsWith Expansion Cohort Pancreatic
Cancer

Patologias: Tumores sdlidos avanzados|Cancer colorrectal metastasico| Cancer de pancreas
metastdsico

Intervenciones: Farmaco: BKM120|Farmaco: mFOLFOX6

URL: http: Ensayos clinicos. ID. del gobierno

Titulo: Paclitaxel and BKM120 Before Surgery in Treating Patients With Stage Il or Ill Estrogen
Receptor-Positive and HER2-Negative Breast Cancer

Patologias: Neoplasias de mama

Intervenciones: Farmaco: paclitaxel | Farmaco: BKM120|Farmaco:

URL: http: Ensayos clinicos. ID. del gobierno

Titulo: Phlb BKM120 or BEZ235+Endocrine Treatment in Post-Menopausal Patients With
Hormone Receptor + Breast Cancer

Patologias: Cancer de mama

Intervenciones: Farmaco: BEZ235|Farmaco: BKM 120|Farmaco: Letrozole|Farmaco:
BKM120|Farmaco:

URL: http: Ensayos clinicos. ID. del gobierno

Titulo: BKM120 in Advanced , Metastatic, or Recurrent Endometrial Cancer.
Patologias: Cancer endometrial

Intervenciones: Farmaco: BKM120|Farmaco:

URL: http: Ensayos clinicos. ID. del gobierno

Titulo: A Trial of Oral BEZ235 and BKM120 in Combination With Paclitaxel With or Without
Trastuzumab

Patologias: Tumores sélidos metastdsicos o localmente avanzados,

Intervenciones: Farmaco: BEZ235 + paclitaxel | FArmaco: BKM120 + paclitaxel | Farmaco: BEZ235
+ paclitaxel + trastuzumab | Farmaco: BKM120 + paclitaxel + trastuzumab

URL: http: Ensayos clinicos. ID. del gobierno

Titulo: BKM120 as Second-line Therapy for Endometrial Cancer.
Patologias: Cancer endometrial avanzado

Intervenciones: Farmaco: BKM120|Farmaco:

URL: http: Ensayos clinicos. ID. del gobierno

Titulo: Study of LEEO11 With Fulvestrant and BYL719 or BKM120 in Advanced Breast Cancer
Reclutamiento: Recruiting

Resultados del estudio: Resultados no disponibles

Patologias: Cancer de mama

Intervenciones: Farmaco: LEEO11|Farmaco: BYL719 | Farmaco: fulvestrant|Farmaco: BKM120
URL: http: //ClinicalTrials.gov/show/NCT02088684
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Titulo: BKM120 in Esophageal Squamous Cell Carcinoma After Failure of First Line
Chemotherapy

Patologias: Cancer de eséfago

Intervenciones: Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01806649

Titulo: Safety and Efficacy of BKM120 in Combination With Trastuzumab in Patients With
Relapsing HER2 Overexpressing Breast Cancer Who Have Previously Failed Trastuzumab
Patologias: Cancer de mama metastdsico| Trastuzumab|BKM120|HER2+

Intervenciones: Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01132664

Titulo: Safety, Pharmacokinetics and Pharmacodynamics of BKM120 Plus MEK162 in Selected
Advanced Solid Tumor Patients

Reclutamiento: Activo, no reclutando

Resultados del estudio: resultados no disponibles

Patologias: Tumores sélidos avanzados|Tumores sélidos seleccionados

Intervenciones: Farmaco: BKM120 + MEK162

URL: http: //ClinicalTrials.gov/show/NCT01363232

Titulo: Phase Il, Open Label, Non-randomized, Trial of BKM120 for Metastatic or Locally
Advanced Cervical Cancer

Patologias: Tratamiento de cancer cervical metastasico o localmente avanzado

Intervenciones: Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01613677

Titulo: Cabazitaxel and BKM120 in Patients With Metastatic Castrate-Resistant Prostate Cancer
(mCRPC) Previously Treated With Docetaxel

Reclutamiento: Withdrawn

Resultados del estudio: resultados no disponibles

Patologias: Cancer de préstata avanzado

Intervenciones: Farmaco: BKM 120|Farmaco: Cabazitaxel

URL: http: //ClinicalTrials.gov/show/NCT02035124

Titulo: A Phase | Study of BKM120 in Adult Chinese Patients With Advanced Solid tumors
Patologias: Cancer de mama avanzado, Carcinomas avanzados con histologia de células
escamosas

Intervenciones: Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01626209

Titulo: P13Kinase Inhibitor BKM120 in Combination With Panitumumab in Patients With
advanced RAS-Wild Type Colorectal Cancer.

Patologias: Cancer colorrectal metastasico

Intervenciones: Farmaco: BKM120|Farmaco: Panitumumab

URL: http: //ClinicalTrials.gov/show/NCT01591421

Titulo: PI3K Inhibitor BKM120 and Cetuximab in Treating Patients With Recurrent or
Metastastatic Head and Neck Cancer

Patologias: Carcinoma metastasico escamoso de cuello con cdncer de células escamosas
primario oculto|cancer escamoso metastasico de cuello recurrente con cdncer primario
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oculto|cancer recurrente de glandulas salivares| Carcinoma recurrente de células escamosas
de hipofaringe| Carcinoma recurrente de células escamosas de la laringe| Carcinoma
recurrente de células escamosas de labio y cavidad bucal| Carcinoma recurrente de células
escamosas de nasofaringe| Carcinoma recurrente de células escamosas de orofaringe]|
Carcinoma recurrente de células escamosas de seno paranasal y la cavidad nasal| Carcinoma
verrugoso recurrente de laringe| Carcinoma verrugoso recurrente de cavidad bucal|
carcinoma de células escamosas de las glandulas salivares| carcinoma de células escamosas de
la hipofaringe fase IV|carcinoma de células escamosas de nasofaringe fase IV|Cancer de las
glandulas salivares fase IV|carcinoma de células escamosas de laringe, fase IV|carcinoma de
células escamosas de labio y cavidad oral, fase IV|carcinoma de células escamosas de la
orofaringe, fase IV|carcinoma de células escamosas de seno paranasal y cavidad nasal, fase
IV|Carcinoma verrugoso de laringe, fase IV |Carcinoma verrugoso de cavidad bucal, fase
IV|cancer de las glandulas salivares, fase IVB|carcinoma de células escamosas de laringe, fase
IVB| carcinoma de células escamosas de labio y cavidad bucal, fase IVB| carcinoma de células
escamosas de orofaringe, fase IVB| carcinoma de células escamosas de seno paranasal y
cavidad nasal, fase IVB|carcinoma verrugoso de la laringe, fase IVB|carcinoma verrugoso de la
cavidad oral, fase IVB|Cancer de las glandulas salivares, fase IVC| carcinoma de células
escamosas de laringe, fase IVC|carcinoma de células escamosas de labio y cavidad bucal, fase
IVC|carcinoma de células escamosas de orofaringe, fase IVC| carcinoma de células escamosas
del seno paranasal y cavidad nasal, fase IVC|carcinoma verrugoso de laringe, fase
IVC| carcinoma verrugoso de la cavidad oral, fase IVC|Cancer de lengua.

URL: http: //ClinicalTrials.gov/show/NCT01816984

Titulo: NeoPHOEBE: Neoadjuvant Trastuzumab + BKM120 in Combination With Weekly
Paclitaxel in HER2-positive Primary Breast cancer

Patologias: HER2-positivo, recién diagnosticado, Cancer de mama primario, terapia
neoadyuvante, Trastuzumab

Intervenciones: Farmaco: BKM120|Farmaco: Trastuzumab]|Farmaco: Paclitaxel|Farmaco:
Placebo

URL: http: //ClinicalTrials.gov/show/NCT01816594

Titulo: BKM120 For Triple Negative Breast cancer
Patologias: Cancer de mama

Intervenciones: Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01790932

Titulo: Buparlisib (BKM120) In Patients With Recurrent/Refractory Primary Central Nervous
System Lymphoma (PCNSL) and Recurrent/Refractory Secondary Central Nervous System
Lymphoma (SCNSL)

Patologias: linfoma|linforma del sistema nervioso central primario|Recurrente/ linforma del
sistema nervioso central refractario

Intervenciones: Farmaco: Buparlisib (BKM120)

URL: http: //ClinicalTrials.gov/show/NCT02301364

Titulo: Study of Efficacy and Safety of Buparlisib (BKM120) Plus Paclitaxel Versus Placebo Plus
Paclitaxel in Head and Neck Cancer Previously Pre-treated With a Platinum Therapy

Patologias: Carcinoma de células escamosas de cabeza y cuello metastdsico o recurrente
previamente tratado.

Intervenciones: Farmaco: Paclitaxel | Farmaco: Buparlisib | Farmaco: Buparlisib Placebo
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URL: http: //ClinicalTrials.gov/show/NCT01852292

Titulo: BKM120+Abiraterone Acetate for CRPC

Patologias: Cancer de proéstata

Intervenciones: Farmaco: BKM120|Farmaco: Abiraterone|Farmaco: Prednisone
URL: http: //ClinicalTrials.gov/show/NCT01741753

Titulo: Activity and Safety Study of BKM120 in monotherapy in Patient With Head and Neck
Cancer

Patologias: Neoplasias de cabeza y cuello |Metastasis de neoplasialEnfermedad
recurrente |Enfermedad en progresion

Intervenciones: Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01737450

Titulo: BKM120 Combined With Vemurafenib (PLX4032) in BRAFV600E/K Mutant Melanoma
Patologias: Melanoma Metastdsico con BRAF Mutante

Intervenciones: Farmaco: BKM120 Combined with Vemurafenib (PLX4032)

URL: http: //ClinicalTrials.gov/show/NCT01512251

Titulo: Study of BKM120 or BYL719 and Capecitabine in Patients With Breast cancer

Patologias: Cancer de mama metastdsico

Intervenciones: Farmaco: BMK120|Farmaco: Capecitabine|Farmaco: BYL719|Farmaco:
Trastuzumab | Farmaco: Lapatinib

URL: http: //ClinicalTrials.gov/show/NCT01300962

Titulo: A Phase | Study of BKM120 and Everolimus in Solid Malignancies
Patologias: Tumores sélidos

Intervenciones: Farmaco: BKM120|Farmaco: Everolimus

URL: http: //ClinicalTrials.gov/show/NCT01470209

Titulo: Capecitabine + BKM120 TNBC BC Brain Metastasis

Patologias: Cancer de mama triple negativo | Metastasis en el cerebro|Cancer de mama
Intervenciones: Farmaco: BKM120|Farmaco: capecitabine

URL: http: //ClinicalTrials.gov/show/NCT02000882

Titulo: Phase Ib, Dose Escalation Study of Oral LDE225 in Combination With BKM120 in
Patients With advanced tumors

Patologias: Dose Escalation|Safety|Preliminary Efficacy| Tumores sélidos avanzados| Cancer
de mama metastasico | Adenocarcinoma pancreatico avanzado | Céancer colorrectal
metastasico | Glioblastoma Multiforme recurrente| Cancer gastrico|Cancer de unién
gastroesofagica | Cancer de mama metastdsico triple negativo | Cancer de mama receptor
hormonal positivo (ER+/PR+, y Her2-)

Intervenciones: Farmaco: LDE225|Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01576666

Titulo: Safety and Efficacy of BKM120 in Patients With non-small cell lung cancer

Patologias: Cancer pulmonar de células no pequeias

Intervenciones: Farmaco: BKM120 or Docetaxel|Farmaco: BKM120 or Docetaxel or
Pemetrexed

URL: http: //ClinicalTrials.gov/show/NCT01297491
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Titulo: A Study of BKM120 in Adult Japanese Patients With Advanced solid tumors
Patologias: Tumor sélido avanzado

Intervenciones: Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01283503

Titulo: Phase | BKM120/Abraxane in Tumores sélidos, Expansion Phase Recurrent Endometrial
or ovarian cancer.

Patologias: Cancer ovdrico|Cancer endometrial| Cancer ovarico recurrente| Cancer
endometrial recurrente

Intervenciones: Farmaco: BKM120|Farmaco: Nabpaclitaxel

URL: http: //ClinicalTrials.gov/show/NCT02117817

Titulo: Safety and Efficacy of INC280 and Buparlisib (BKM120) in Patients With Recurrent
Gliobastoma

Patologias: c-MET Inhibitor; PI3K Inhibitor, PTEN Mutations, Homozygous Deletion of PTEN or
PTEN Negative by IHC, INC280, BKM120, Buparlisib; Glioblastoma recurrente

Intervenciones: Farmaco: INC280| Farmaco: Buparlisib

URL: http: //ClinicalTrials.gov/show/NCT01870726

Titulo: A Study of BKM120 (Buparlisib) in Relapsed or Refractory Thymomas
Patologias: Timoma

Intervenciones: Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT02220855

Titulo: BKM120 in Cancers With PIK3CA Activating Mutations

Patologias: Céancer de pulmén|Cancer de mamal| Céancer Colorrectal
| Colangiocarcinoma|Tumores solidos

Intervenciones: Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01501604

Titulo: Pharmacokinetic Study of BKM120 in Subjects With Hepatic Impairment
Patologias: Insuficiencia hepatica

Intervenciones: Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01727128

Titulo: LGX818 in Combination With Agents (MEK162; BKM120; LEEO11; BGJ398; INC280) in
BRAF Melanoma

Patologias: Melanoma

Intervenciones:  Farmaco:  LGX818|Farmaco:  MEK162|Farmaco:  LEEO11|Farmaco:
BGJ398 | Farmaco: BKM120|Farmaco: INC280

URL: http: //ClinicalTrials.gov/show/NCT01820364

Titulo: Safety and Efficacy of BKM120 in Relapsed and Refractory NHL

Patologias: Linfoma difuso de células B, linfoma de células de manto, linfoma folicular
Intervenciones: Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01693614

Titulo: A Study to Find the Maximum Tolerated Dose of the Experimental Combination of
INC424 and BKM120 in Patients With Primary or Secondary Myelofibrosis
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Patologias: Mielofibrosis
Intervenciones: Farmaco: INC424|Farmaco: BKM120
URL: http: //ClinicalTrials.gov/show/NCT01730248

Titulo: GINECO-EN102b - BKM120 as Monotherapy in the Treatment of Initial or Recurrent
endometrial cancer

Patologias: Cancer endometrial

Intervenciones: Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01397877

Titulo: Safety and Efficacy of Buparlisib (BKM120) in Patients With Untreated Squamous non-
small lung cancer

Patologias: Cancer pulmonar de células no microciticas

Intervenciones: Farmaco: BKM120|Farmaco: placebo|Farmaco: Carboplatin|Farmaco:
Paclitaxel

URL: http: //ClinicalTrials.gov/show/NCT01820325

Titulo: LGX818 and MEK162 in Combination With a Third Agent (BKM120, LEEO11, BGJ398 or
INC280) in Advanced BRAF Melanoma

Patologias: Melanoma

Intervenciones: Farmaco: LGX818 |Farmaco: MEK162 | Farmaco: LEEO11 | Farmaco:
BGJ398|Farmaco: BKM120|Farmaco: INC280

URL: http: //ClinicalTrials.gov/show/NCT02159066

Titulo: Phase Il Study of Buparlisib + Docetaxel in Advanced or Metastastatic Squamous non
small-cell lung Cancer (NSCLC) Patients

Patologias: Cancer pulmonar de células no pequeiias

Intervenciones: Farmaco: Buparlisib|Farmaco: Buparlisib matching placebo|Farmaco:
Docetaxel

URL: http: //ClinicalTrials.gov/show/NCT01911325

Titulo: A Phase Il Study With BYL719 in Premenopausal Patients With Locally Advanced breast
Cancer

Patologias: Cancer de mama premenopausico|Inhibicién de la via PI3K

Intervenciones: Farmaco: BYL719|Farmaco: BKM120 |Farmaco: Control

URL: http: //ClinicalTrials.gov/show/NCT02058381

Titulo: Buparlisib in Treating Patients With Relapsed or Refractory Non-Hodgkin Lymphoma
Patologias: Recurrent Adult Linfoma difuso de células B|Linfoma follicular recurrente de grado
3 | Linfoma recurrente de células de manto

Intervenciones:  Farmaco: buparlisib|Otros:  laboratory  biomarker analysis|Otros:
questionnaire administration

URL: http: //ClinicalTrials.gov/show/NCT01719250

Titulo: Buparlisib, Gemcitabine Hydrochloride, and Cisplatin in Treating Patients With
advanced solid tumors

Patologias: Cancer pulmonar recurrente de células no pequefas| Cancer pulmonar de células
no pequenas fase IllIA | Cancer pulmonar de células no pequefias fase IlIB | Cancer pulmonar
de células no pequefias fase IV |tumor sélido en adultos sin especificar, Protocol Specific
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Intervenciones: Farmaco: buparlisib|Farmaco: gemcitabine  hydrochloride|Farmaco:
cisplatin|Otros: pharmacological study|Otros: laboratory biomarker analysis|Otros:
guestionnaire administration

URL: http: //ClinicalTrials.gov/show/NCT01971489

Titulo: Erismodegib and Buparlisib in Treating Patients With advanced basalcell carcinomas
Patologias: Basalioma |Sindrome de Basalioma nevoide|Cancer de piel recurrente
Intervenciones: Farmaco: buparlisib|Farmaco: erismodegib|Otros: laboratory biomarker
analysis| Otros: questionnaire administration

URL: http: //ClinicalTrials.gov/show/NCT02303041

Titulo: Study of Letrozole With or Without BYL719 or Buparlisib, for the Neoadjuvant
Treatment of Postmenopausal Women with breast cancer.

Patologias: Cancer de mama

Intervenciones: Farmaco: BYL719|Farmaco: BKM120|Farmaco: Placebo

URL: http: //ClinicalTrials.gov/show/NCT01923168

Titulo: Pharmacokinetic Study of Buparlisib in Subjects With Renal dysfunction
Patologias: Insuficiencia renal

Intervenciones: Farmaco: Buparlisib

URL: http: //ClinicalTrials.gov/show/NCT02048787

Titulo: Phase 1b/Il Study of Buparlisib Plus Carboplatin or Lomustine in Patients With Recurrent
Glioblastoma Multiforme

Patologias: Glioblastoma Multiforme recurrente (rGBM)

Intervenciones: Farmaco: buparlisib|Farmaco: carboplatin|Farmaco: lomustine|Farmaco:
placebo

URL: http: //ClinicalTrials.gov/show/NCT01934361

Estudios con Sonidegib realizados posteriormente al estudio aqui presentado (NCT00880308)

Titulo: A Pre-surgical Study of LDE225 in Men With High-risk Localized Prostate Cancer
Patologias: Cancer de préstata

Intervenciones: Farmaco: LDE225

URL: http: //ClinicalTrials.gov/show/NCT02111187

Titulo: Effect of Hepatic Impairment on LDE225..
Patologias: funcién hepatica normal, | insuficiencia hepatica
Intervenciones: Farmaco: LDE225

URL: http: //ClinicalTrials.gov/show/NCT01764776

Titulo: Gemcitabine + Nab-paclitaxel With LDE-225 (Hedgehog Inhibitor) as Neoadjuvant
Therapy for Pancreatic Adenocarcinoma

Patologias: Adenocarcinoma pancratico resecable

Intervenciones: Farmaco: LDE-225|Farmaco: Gemcitabine | Farmaco: nab-paclitaxel

URL: http: //ClinicalTrials.gov/show/NCT01431794

Titulo: Phase | Trial of LDE225 for Steroid-refractory Chronic GVHD After Allogeneic HSCT
Patologias: Enfermedad de injerto contra huésped|Transplante alogénico de células madre
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Intervenciones: Farmaco: LDE225
URL: http: //ClinicalTrials.gov/show/NCT02086513

Titulo: Phase IB/Il Trial of LDE225 and Paclitaxel in Recurrent Ovarian Cancer
Patologias: Cancer ovdrico recurrente | Resistente al platino

Intervenciones: Farmaco: LDE225

URL: http: //ClinicalTrials.gov/show/NCT02195973

Titulo: LDE225 for Patients With PTCH1 or SMO Mutated Tumors
Patologias: Tumores sélidos y hematolégicos con PTCH1 o SMO activado
Intervenciones: Farmaco: LDE225

URL: http: //ClinicalTrials.gov/show/NCT02002689

Titulo: Study With LDE225 in Combination With Docetaxel in Triple Negative (TN) Advanced
Breast cancer (ABC) Patients

Patologias: Cancer de mama avanzado

Intervenciones: Farmaco: LDE225 | Farmaco: Docetaxel

URL: http: //ClinicalTrials.gov/show/NCT02027376

Titulo: Safety/Efficacy Study of LDE225 (Sonidegib) Plus Bortezomib in Patients With Relapsed
or Relapsed/Refractory Multiple Myeloma

Patologias: Mieloma multiple

Intervenciones: Farmaco: LDE225|Farmaco: Bortezomib

URL: http: //ClinicalTrials.gov/show/NCT02254551

Titulo: Dose-escalation, and Safety Study of LDE225 and Gemcitabine in Locally Advanced or
Metastatic Pancreatic Cancer Patients

Patologias: Cancer de pancreas

Intervenciones: Farmaco: LDE225+gemcitabine

URL: http: //ClinicalTrials.gov/show/NCT01487785

Titulo: LDE225 and Paclitaxel in Tumores sélidos
Patologias: Tumor sdlido avanzado | Cancer ovdrico
Intervenciones: Farmaco: LDE225 | Farmaco: Paclitaxel
URL: http: //ClinicalTrials.gov/show/NCT01954355

Titulo: A Pilot Study of a Hedgehog Pathway Inhibitor (LDE-225) in Surgically Resectable
Pancreatic Cancer

Patologias: Cancer de pancreas resecable

Intervenciones: Farmaco: LDE-225

URL: http: //ClinicalTrials.gov/show/NCT01694589

Titulo: Phase | Study to Evaluate the Effect of LDE225 on the Pharmacokinetics of Bupropion
and Warfarin in Patients

Patologias: Tumor sélido avanzado

Intervenciones: Farmaco: LDE225 | Farmaco: Wafarin|Farmaco: Bupropion

URL: http: //ClinicalTrials.gov/show/NCT01769768

Titulo: LDE225 + Everolimus in Advanced Gastroesophageal AdenocarcinomaPatologias:
Esophageal Cancer
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Intervenciones: Farmaco: Everolimus|Farmaco: LDE 225
URL: http: //ClinicalTrials.gov/show/NCT02138929

Titulo: Study of Efficacy and Safety of LDE225 in Adult Patients With Relapsed/Refractory Acute
Leukemia

Patologias: leucemias agudas

Intervenciones: Farmaco: LDE225

URL: http: //ClinicalTrials.gov/show/NCT01826214

Titulo: A Phase | Dose Finding and Safety Study of Oral LDE225 in Children and a Phase |
Portion to Assess Preliminary Efficacy in Recurrent or Refractory MB

Patologias: Meduloblastoma,| rabdomiosarcoma,|Neuroblastoma,|Hepatoblastoma,|glioma
de alto grado|Astrocitoma

Intervenciones: Farmaco: LDE225

URL: http: //ClinicalTrials.gov/show/NCT01125800

Titulo: Combination of the Hedgehog Inhibitor, LDE225, With Etoposide and Cisplatin in the
First-Line Treatment of Patients With Extensive Stage Small Cell Lung Cancer (ES-SCLC)
Patologias: Cancer de pulmén

Intervenciones: Farmaco: LDE225, Etoposide and Cisplatin

URL: http: //ClinicalTrials.gov/show/NCT01579929

Titulo: LDE225 in Treating Patients With Stage IlI-lll Estrogen Receptor- and HER2-Negative
Breast Cancer

Patologias: Neoplasias de mama

Intervenciones: Farmaco: Erismodegib|Farmaco: Placebo

URL: http: //ClinicalTrials.gov/show/NCT01757327

Titulo: An East Asian Study of LDE225

Patologias: Tumores sélidos avanzados | Meduloblastoma|Basalioma
Intervenciones: Farmaco: LDE225

URL: http: //ClinicalTrials.gov/show/NCT01208831

Titulo: A Trial to Evaluate the Safety, Local Tolerability, Pharmacokinetics and
Pharmacodynamics of LDE225 on Skin Basaliomas in Gorlin Syndrome Patients

Patologias: Tratamiento de los basaliomas (BCCs) en pacientes con el sindrome de Gorlin
Intervenciones: Farmaco: Placebo|Farmaco: LDE225|Fdrmaco: LDE225 0.25%]|Farmaco:
LDE225 0.75%

URL: http: //ClinicalTrials.gov/show/NCT00961896

Titulo: To Evaluate the Safety, Local Tolerability, PK and PD of LDE225 on Sporadic Superficial
and Nodular Skin Basaliomas(sBCC)

Patologias: Sporadic Superficial and Nodular Skin Basaliomas

Intervenciones: Farmaco: LDE225 | Farmaco: Vehicle

URL: http: //ClinicalTrials.gov/show/NCT01033019

Titulo: A Phase Ib/Il Dose-finding Study to Assess the Safety and Efficacy of LDE225 + INC424 in
Patients With MF
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Patologias: Primary Myelofibrosis| Thrombocythemia,
Essential | Thrombocytosis|Myeloproliferative Disorders|Bone Marrow Diseases|Hematologic
Diseases|Blood Coagulation Disorders|Blood Platelet Disorders|Hemorrhagic Disorders
Intervenciones: Farmaco: LDE225 |Farmaco: INC424

URL: http: //ClinicalTrials.gov/show/NCT01787552

Titulo: Pilot LDE225 in Locally Advanced or Metastatic BCC + Previously Tx Non-LDE225
Smoothened Inhibitors

Patologias: Basalioma

Intervenciones: Farmaco: LDE225

URL: http: //ClinicalTrials.gov/show/NCT01529450

Titulo: Nilotinib and LDE225 in the Treatment of Chronic or Accelerated Phase Myeloid
Leukemia in Patients Who Developed Resistance to Prior Therapy

Patologias: Philadelphia Chromosome Positive Chronic Myelogenous Leukemia

Intervenciones: Farmaco: Nilotinib + LDE225

URL: http: //ClinicalTrials.gov/show/NCT01456676

Titulo: A Phase Il Study of Efficacy and Safety in Patients With Locally Advanced or Metastatic
Basalioma

Patologias: Basalioma

Intervenciones: Farmaco: LDE225

URL: http: //ClinicalTrials.gov/show/NCT01327053

Titulo: Erismodegib and Lenalidomide After Stem Cell Transplant in Treating Patients With
Multiple Myeloma

Patologias: Refractory Multiple Myeloma

Intervenciones: Farmaco: erismodegib | FArmaco: lenalidomide

URL: http: //ClinicalTrials.gov/show/NCT02086552

Titulo: LDE225 in Patients With Advanced or Metastatic Hepatocellular Carcinoma and Child-
Pugh A Cirrhosis

Patologias: Hepatocellular Carcinoma| Cirrhosis

Intervenciones: Farmaco: LDE225

URL: http: //ClinicalTrials.gov/show/NCT02151864

Titulo: A Phase Il Study of Oral LDE225 in Patients With Hedge-Hog (Hh)-Pathway Activated
Relapsed Medulloblastoma (MB)

Patologias: Medulloblastoma

Intervenciones: Farmaco: LDE225

URL: http: //ClinicalTrials.gov/show/NCT01708174

Titulo: LDE225 + Docetaxel/Prednisone for Adv/Met Castrate Resistant Prostate Cancer w/
Disease Progression After Docetaxel

Patologias: Prostate Cancer

Intervenciones: Farmaco: Docetaxel | Farmaco: Prednisone|Farmaco: LDE225

URL: http: //ClinicalTrials.gov/show/NCT02182622

Titulo: Phase Ib, Dose Escalation Study of Oral LDE225 in Combination With BKM120 in
Patients With Advanced solid tumors
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Patologias: Dose Escalation|Safety|Preliminary Efficacy|Avanzado Tumores
solidos|Metastasico Cancer de mama| Adenocarcinoma pancredtico avanzado | Cancer
colorrectal metastdsico |Recurrent Glioblastoma Multiforme recurrente|Cancer Gastrico
| Cancer de la unién gastroesoféagica | Cancer de mama metastasico triple negativo | Cancer de
mama metastasico receptor hormonal positivo (ER+/PR+, y Her2-)

Intervenciones: Farmaco: LDE225 | Farmaco: BKM120

URL: http: //ClinicalTrials.gov/show/NCT01576666

Titulo: Phase I/ll Study of LDE225 With Gemcitabine and Nab-paclitaxel in Patients With
Pancreatic Cancer

Patologias: Cancer de pancreas

Intervenciones: Farmaco: gemcitabine and nab paclitaxel

URL: http: //ClinicalTrials.gov/show/NCT02358161

Titulo: Azacitidine and Erismodegib in Treating Patients With Myeloid Malignancies

Patologias: Leucemia megacarioblastica aguda en adultos| leucemia monoblastica aguda en
adultos| leucemia monocitica en adultos| leucemia mieloide aguda con Inv(16)(p13.1922);
CBFB-MYH11| leucemia mieloide aguda en adultos con maduracién| leucemia mieloide aguda
en adultos con t(16;16)(p13.1;g22); CBFB-MYH11| leucemia mieloide aguda en adultos con
1(8;21)(g22;922); RUNX1-RUNX1T1| leucemia mieloide aguda en adultos con t(9;11)(p22;q23);
MLLT3-MLL| leucemia mieloide aguda en adultos sin maduracion| leucemia mielomonocitica
aguda en adultos| leukemia promielocitica aguda en adultos con t(15;17)(q22;912); PML-
RARA| eritroleucemia en adultos| eritroleucemia pura en adultos| leucemia mieloide aguda
relacionada con agentes alquilantes|leukemia mielomonocitica crénica|sindrome
mielodisplasico de novo| trombocitemia esencial| policitemia vera|syndrome mielodisplasica
tratada anteriormente|mielofibrosis primaria|leukemia mieloide aguda recurrente en
adultos| leukemia mieloide aguda en adultos no tratados

Intervenciones:  Farmaco:  Azacitidine|Farmaco:  Erismodegib|Otros:  Quality-of-Life
Assessment | Otros: Laboratory Biomarker Analysis

URL: http: //ClinicalTrials.gov/show/NCT02129101

Titulo: Efficacy, Safety and Pharmacokinetics of Oral LDE225 in Treatment of Patients With
Nevoid Basalioma Syndrome

Patologias: Basalioma|Sindrome de Gorlin |

Intervenciones: Farmaco: LDE225 |Farmaco: Placebo

URL: http: //ClinicalTrials.gov/show/NCT01350115

Titulo: LDE225 With Fluorouracil, Leucovorin, Oxaliplatin, and Irinotecan for Untreated
Advanced Pancreatic Cancer

Patologias: Cancer de pancreas

Intervenciones: Farmaco: LDE225; Fluorouracil; Leucovorin; Oxaliplatin; Irinotecan

URL: http: //ClinicalTrials.gov/show/NCT01485744

Titulo: A Biomarker Study to Identify Predictive Signatures of Response to LDE225 (Hedgehog
Inhibitor) In Patients With Resectable Pancreatic Cancer

Patologias: Pancreatic Ductal Adenocarcinoma

Intervenciones: Farmaco: LDE225

URL: http: //ClinicalTrials.gov/show/NCT01911416

185



Titulo: Erismodegib and Buparlisib in Treating Patients With Advanced or Metastatic
Basalioma

Patologias: Basalioma |sindrome de Gorlin|Cancer de piel recurrente

Intervenciones: Farmaco: buparlisib|Farmaco: erismodegib|Otros: laboratory biomarker
analysis| Otros: questionnaire administration

URL: http: //ClinicalTrials.gov/show/NCT02303041

186



Anexo 5

Tabla 14. Estudios gendmicos en oncologia disponibles en la Unitat de Investigacié en
Terapia Molecular.

D5160C00001 AZD9291 EGFRinh EGFR T790 mutation Resistance trial
CEGF816X2101 EGF816 EGFRmut-TKI EGFR T790 mutation Resistance trial
CINC280X2102 INC280 c-MET inh MET amplification Nested clinical trial to VHIO's Prescreening program
CINC280X2104 INC280+cetuxi c-METinh MET amplification Nested clinical trial to VHIO's Prescreening program

CINC280X2105C

EGF816+ INC280

EGFR mut-TKI, C-METinh

MET amplification

Resistance trial

CINC280X2202

INC280+gefitinib

c-METinh

EGFR mutationa AND MET amplification

Resistance trial

CINC280X2204 INC280+BKM120 c-MET inh+P13K inh PTEN mutation Nested clinical trial to VHIO's Prescreening program
CMEK162X2109 MEK162+BYL719 MEKinh+PI3kinh KRAS/NRAS mutation Nested clinical trial to VHIO's Prescreening program
IGF-MC-JICA LY3039478 Notch inh NOTCH 1-4 amplification Nested clinical trial to VHIO's Prescreening program
TED11449 SAR125844 MET inh MET amplification Nested clinical trial to VHIO's Prescreening program
42756493EDI1001 INJ-42756493 PFGFR Tkinh FGFR1-3 mutation, amplification, traslocation Nested clinical trial to VHIO's Prescreening program
CBGJ398X2101 BGJ398 anti FGFR FGFR1-3 mutation, amplification, traslocation Nested clinical trial to VHIO's Prescreening program
CFGF401X2101 FGF401 FGFR4 inh FGFR4 mutation Nested clinical trial to VHIO's Prescreening program
CL1-49076-001 549076 MET inh (AXL,FGFR1 y2) MET amplification Nested clinical trial to VHIO's Prescreening program
Debio 1347-101 Debio1347(CH5183284) anti FGFR FGFR1-3 mutation, amplification, traslocation Nested clinical trial to VHIO's Prescreening program
FGF117360 GSK3052230/pacli/carbo/docetaxel anti FGFR FGFR1-3 mutation, amplification, traslocation Nested clinical trial to VHIO's Prescreening program
PRN1371-001 PRN1371 panFGFR Kinase Inhibitor FGFR1-3 mutation, amplification, traslocation Nested clinical trial to VHIO's Prescreening program
TPU-TAS-120-101 Tas120 anti FGFR FGFR1-3 mutation, amplification, traslocation Nested clinical trial to VHIO's Prescreening program
200919 GSK2118436 BRAF inh BRAF mutation Nested clinical trial to VHIO's Prescreening program

BRF114144 GSK2118436; GSK1120212 BRAF inh; MEK inh BRAF mutation Basket trial
BRF117019 BRAF Inhibitor (dabrafenib; GSK2118436) and BRAF & MEK inh BRAF mutation Nested clinical trial to VHIO's Prescreening program

MEK Inhibitor (ir GSK1120212)
CMEK162X2110 LGX818 + MEK162+LEE011 RAFk inh + MEK inh+CDK4/6 inh BRAF mutation Resistance trial

G029030 MEHD7945A + GDC0973 anti HER3/EGFr + MEK inh KRAS mutation Nested clinical trial to VHIO's Prescreening program
MEK116833 GSK1120212, GSK2118436, panitumumab MEK inh, BRAF inh, AB anti EGFr BRAF mutation Nested clinical trial to VHIO's Prescreening program

MO028072 vemurafenib+cetuxi Brafinh BRAF mutation Basket trial
CLGK974X2101 LGK974 porcupina inh RNF43, ZNRF3 mutation, RSPO1-2 traslocation Nested clinical trial to VHIO's Prescreening program
CWNT974X2102 WNT974(LGK974); LGX818+cetuxi porcupine inh; RAFk inh RNF43, ZNRF3 mutation, RSPO1-2 traslocation Nested clinical trial to VHIO's Prescreening program
CBGJ398X2102 BGJ398+BYL719 FGR-R pan-inh; P13k inh PIK3CA mutation Nested clinical trial to VHIO's Prescreening program
CCLR457X2101 CLR457 PI3Kinh PIK3CA, PTEN, EGFR mutations, MET, HER2 amplification Nested clinical trial to VHIO's Prescreening program
G027802 GDC-0032+docetaxel o paclitaxel PI3kinh PIK3CA mutation or amplification Nested clinical trial to VHIO's Prescreening program
16X-MC-JBDA LY3009120 p\al;':a:ni:" :;::T:f{::ﬂ"l“:&i';' KRAS, HRAS, NRAS, BRAF, ARAF mutation Nested clinical trial to VHIO's Prescreening program
INK1117-001 INK1117 PI3kinh PIK3CA mutation Nested clinical trial to VHIO's Prescreening program
PMT 4979g GDCO032+endocrine treatment PI3kinh PIK3CA mutation or amplification Nested clinical trial to VHIO's Prescreening program
CHDM201X2101 HDM201 HDM2-p53 inh HDM2 amplification Nested clinical trial to VHIO's Prescreening program
CHDM201X2103C HDM201+ LEE201 HDM2 inh +CDK inh HDM2 amplification (enrichment) Nested clinical trial to VHIO's Prescreening program
CLOP628X2101 LOP628 anti-cKithumanized IgGI/k antibody KIT mutation (enrichment) Nested clinical trial to VHIO's Prescreening program
IDH305X2101 IDH305 IDH1 mut inhibitor IDH1 mutation Nested clinical trial to VHIO's Prescreening program

LOXO-TRK-14001

Loxo Oncology

TRKA-C inh

ALK, ROS, NTK1-3 mutation, traslocation

Nested clinical trial to VHIO's Prescreening program

PUMA-NER 5201 Neratinib panERB inhibitor HER2, HER3 mutation Basket trial
RXDX-101-01 RXDX-101 pan-trk, ROS1, and ALK inhibitor NTK1-3 mutation, traslocation Nested clinical trial to VHIO's Prescreening program
MK-3475-028 MK3475 PD1inh PDL1 Basket trial
MO029518 MPDL3280A Basket trial PDLL pDL1 Basket trial
CLDK378x2102 LDK378, AUY922 ALK inh, HSP90 inh ALK traslocation Resistance trial
Winther all available targeted therapies Personalized therapy All actionable alterations Trial in Personalized Medicine (n-of-1)
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Figura 10C
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Figura 10E
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Figura 10. Tipos de ensayos clinicos en Medicina Gendmica, disponibles en UITM, clasificado
segun su disefo

A. Bases de datos clinicos y gendmicos y estudios longitudinales de cohortes con estudios
de casos y controles anidados

B. Estudios independientes de histologia (histology-agnostic), especificos de alteracion
C. Estudios de resistencia:
D. Disefio de ensayo clinico “N-de-1

E. Elestudio WINTHER
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