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® ANEXOS

B Comprobante de pago de la tasa.

Poderes, si fuere el caso.

Bl Pruebas de los fundamentos de la oposicion.

O Documentos que acrediten el legitimo interés, si fuere el caso.

B Documento que acredita la existencia y representacion legal de las partes, cuando sean
personas juridicas.

Instrucciones para el diligenciantiento del presente fermulario, ver reverso de esta pagina.
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Derecho de la Competencia, Propiedad

optimum * Industrial y Comercio Exterior

Senora Jefe,
DIVISION DE NUEVAS CREACIONES

Superintendencia de Industria y Comercio

E. S. D.

Referencia : Expediente N° 09 112487 /

Asunto : Oposicion a la solicitud de patente de Invencién titulada
“ACTIVIDAD ANTITUMORAL DE TEMSIROLIMUS EN
CANCER CELULAR RENAL PAPILAR."”

Solicitante : WYETH /

Opositora : GYNOPHARM S.A.

Publicada en la Gaceta de la Propiedad hyrial
N° 612 del 29 de enero de 2010

-

Yo, CIELO ANGELA PENA RODRIGUEZ, abogada en ejercicio identificada como

aparece al pie de su firma, con tarjeta profesional No. 82701 del TConsejo Superior de
la Judicatura, en mi condicion de apoderada de la sociedad GYNOPHARM S.A.
conformada bajo las leyes de la Republica de Colombia y domiciliada en la ciudad de
Barranquilla, Colombia, atcntamente manifiesto que estando dentro del término de ley
y por orden expresa de mi representada, presento oposicion a la concesion del registro
de la Patente de Invencion titulada “ACTIVIDAD ANTITUMORAL‘ DE
TEMSIROLIMUS EN CANCER CELULAR RENAL PAPILAR” cuyo titular es
WYETH, vy pido a Usted declarar fundada esta oposicion y en consecuencia negar el

registro de la patente solicitada.

Carrera 13 Ne 11995 Of 104 Tel. (57132 1312 13-6205021 - Fax. (571) 61219 79
E-mail: negocios@optiniuni<o.com - www.opHmum-co.com
Bogora Colombia



q‘h

Y

Derecho de la Competencia, Propiedad

Optimu m Industrial y Comercio Exterior

/

Conforme a lo dispuesto en el articulo 42 de la Decision 486 de 2000 de la

1. INTERES PARA ACTUAR

CAN, estando dentro del término estipulado por la ley, manifiesto el legitimo incerés
de nuestra representada para oponerse al registro de la patente de la referencia,
atendiendo a que la solicitud pretendida no cumple con los requisitos dispuestos en la
ey como s ;m/'»iénrz'\ mis adelante vy de ser concedida afectaria dircctamente la

comercializacion de algyros productos de mi representada, que contienen, en

particular remsirolimug. Por lo tanto, solicito respetuosamente a ese Despacho se sirva
tener en cuenta la presente oposicion dentro del tramite administrativo que se surte en

csta Superintendencia.

2. FUNDAMENTOQOS DE HECHOS

2.1.La solicieud objeto de la presente fue presentada el 9 de octubre de 2009
reivindicando prioridad bajo la solicitud US20070922759P del 2007-04-10; vy fue
publicada en Colombia, en la Gaceta de la Propiedad Industrial N° 612 del 29 de
enero  de 2010, «cuya publicacion internacional corresponde  a  la
WO2008124125 del 2008-10-16.

2.2 L solicitud colombiana 09 112.487 objero de la presente oposicion, se refiere a
un método para el rratamiento del carcinoma celular renal papilar en un mamifero
que lo necesita que comprende ministrar a dicho mamifero una cantidad efecriva
de CCI-779, donde el carcinoma celular renal papilar es carcinoma celular renal
papilar tipo [ hereditario; en donde el carcinoma celular renal papilar es carcinoma

celular renal papilar tipo I1 hereditario; en donde el carcinoma celular renal papilar

Carrera 13N 11995, 01 104 Tel. (571)2 13 12 13 -6 205021 - Fax. (571} 6 1219 79
F-mail: negocios@optimum-co.com - waww.optimuin-co.com
Bogora Colombia
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es carcinoma celular renal papilar esporidico; en donde el carcinoma cetular renal
papilar es carcinoma celular renal papilar previamente no tratado; en donde el
carcinoma celular renal papilar estd asociado con caracteristicas de poco riesgo; vy,
en donde el carcinoma celular renal papilar es avanzado.

2.3.En primera instancia, se debe advertir que las reivindicaciones también se reficren a
un uso y a un método de tratamiento y no sélo a la composicion farmacolégica o a
un método de fabricacion mediante la cual se obtenga un producto tangible y
segun la legislacion, decision 486 de ia Comunidad Andina de Naciones, Arriculo
14.- “Los Paises Miembros otorgardn patentes para lus invenciones, sean de producto o de
procedimiento (...)”, los usos no estin contemplados como patentables; vy, Articulo
20.- “No serdn patentables (...) d) los métodos terapéuticos o quinirgicos para el tratamiento
humano o antmal, asi como los métodos de diagndstico aplicados a los seres humanos o «
animales”. Solo seran patentables los productos o procedimientos. Por lo tanto a luz
de L norma, dicha materia referente al uso y a un método de tratamiento no seria
patentable.

2.4.Ahora bien, con base en el articulo 14 de la Decision 486 de la CAN consagra lo
siguiente: “Los paises miembros otorgardn patentes para las invenciones, sean de producto o
procedimiento, en todos los campos de la tecnologia, siempre que sean nuevas, tengan nivel
inventivo y sean susceptibles de aplicacion industrial”. Asi las cosas, las invenciones
objeto de patente deben ser nuevas y tener nivel inventivo. Bien, pues antes de la
fecha de prioridad de esta solicitud se encuentran los siguientes documentos que

afecta la patentabilidad de la presente solicitud:
e DI: US2006194211 publicada el 31 de agosto de 2006.

2.5.Ahora bien, el documento D1, particularmente en la descripcion revela pronésticos

de genes de un tumor solido que se pueden identificar por los perfiles de expresion

Carrera 13 N0 11995, Of. 104 Tel. (571)2 1312 13-62050 21 - Fax. (57D 6 1219 79
E-mail: negocios@optunum-co.com - www.optimum-o.com
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de estos genes en células mononucleares de sangre periférica (CMSPY, que se
correlacionan con la evolucién clinica de los tumores solidos. Scgun  esta
anterioridad, el pronostico de los genes se pueden utilizar como marcadores para
predecir la evolucion clinica de un tumor solido en un paciente y también se puede
utilizar para seleccionar un tratamiento que tiene un pronostico favorable para el
tumor solido. Particularmente, esta anterioridad D1 revela en la fase 2 del estudio
clinico, piarrafo 0082, 45 pacientes con tumores de carcinoma renal avanzado
(RCQ), clasificados en los sitios clinicos como carcinomas de células claras (24),
granulares (1), papilares (3), mezcladas (7), desconocidas (10) y fucron rratados con
una de tres dosis de CCI-779 en cantidades de entre 25 mg; 75 mg; o, 250 mg y
donde sc define que se administra como una perfusion intravenosa por 30 minutos
una vez por semana, durante 8 semanas. Asi las cosas, como lo evidencia dicho
documento D1, adicionalmente a que la presente no cumple el requisito de
aplicacion industrial por corresponder un uso o método terapéutico, tampoco
comprende el requisito de novedad, pues lo revelado ya se encontraba en el estado

de la téenica.

2.6.En consecuencia y de acuerdo a lo descrito anteriormente, se deriva que la solicirud

1~

colombiana 09 112.487 no pucde pretender un monopolio por patente toda vez
que lo que pretende no cumple con dos de los tres requisitos necesarios para su

proteccion.

.1.Que por consiguiente, respecto a la solicitud pretendida se tiene que:

1.1, CARECE DE NOVEDAD: Segun la decision 486 de la Comunidad Andina de

Naciones, Articulo 16.- “Una invencion se considerard nueva cuando no estd
comprendida en el estado de la técnica. El estade de la téenica comprenderd tedo lo que

haya sido accesible al publico por una descripcion escrita w oral, wutilizacion,

Carrera 13 Ne 11995, Of 104 Tel. (371) 2 1312 13- 6205021 - Fax. (571D 6 12 19 79
E-mail: negocios@optimum-to.com - www.optinum-co.com
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comercializacion o cualquier otro medio antes de la fecha de presentacion de la solcitud
de patente o, en su caso, de la prioridad reconocida.”. A 1a fecha de prioridad, 10 de
abril de 2007 ya era conocido, pues como se demostrd, era parte del arte
anterior con base en el documento DI, un método para el tratamiento del
carcinoma celular renal papilar en un mamifero que lo necesita que comprende
administrar a dicho mamifero una cantidad efectiva de CCI-779, sobre el cual

busca proteccion en el capitulo reivindicatorio.

2.7.2. CARENCIA DE APLICACION INDUSTRIAL La Decision 486 de Ia CAN

consagra en su articulo 14 lo siguiente: “Los paises miembros otorgardn patentes
para las invenciones, sean de producto o pracedimiento, en todos los campos de la
tecnologia, siempre que sean nuevas, tengan nivel inventivo y sean susceptibles de
aplicacion industrial”. 1.a presente solicitud carece de aplicacion Industrial ya que
como se demostré anteriormente, algunas cldusulas reclaman el método
terapéutico y estos no son aplicables industrialmente porque primero no sc
obtiene un producto o proceso; y segundo no es reproducible o repetible a
escala industrial. Por lo tanto, el objeto de la presente invencion referido a los
usos y métodos terapéuticos, no cumplen con el requisito de la aplicacion

industrial.

2.8.  Dado lo anterior, es posible deducir que la solicitud y o reivindicado no es
objeto de patentabilidad pues es contrario a lo que dicta la Decision 486 de la
Comunidad Andina de Naciones, Arriculo 14.- “Los Paises Miembros otorgardn
patentes para las invenciones, sean de producto o de procedimiento, en todos los campos de la
tecnologiat, siempre que sean nuevas, tengan nivel inventivo y sean susceptibles de aplicacién
industrial.”. La solicitud pretendida no cumple con dos de los tres requisitos de

patentabilidad.

Carrera 13 Ne 11995 O 104 Tel (571)2 131213 -6205021 - Fax. (571)6 12 19 79
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2.9.  Por todo lo anterior, atentamente solicito a usted que se sirva declarar fundada
la presente OPOSICion y en consecuencia negar el registro a la solicitud de patente
titulada “ACTIVIDAD ANTITUMORAL DE TEMSIROLIMUS EN CANCER
CELULAR RENAL PAPILAR”, cuyo titular es WYETH, solicitud Colombiana
que aparecio publicada en la Gaceta de la Propiedad Industrial N° 612 del 29 de
enero de 2010.

3. PRUEBAS

De conformidad con lo dispuesto por las normas vigentes, solicito a usted tener

como prueba en este asunto los siguientes:
o DI1:US2006194211 publicada el 31 de agosto de 2000.
4. FUNDAMENTO DE DERECHO
Fundamento esta observacion en las normas legales siguientes:
4.1.  Numeral [ del articulo 586 del Cadigo de Comercio.
4.2, Articulo 42 de la Decision 486 de la Comisién del Acuerdo de Carragena.
4.3, En las demds normas concordantes,

5. ANEXOS

Carrera 13 Ne 11995, O 104 Tel. (57132 1312 13- 6205021 - Fax. (571) 6 12 19 79
E-mail: negocios@optimum-co.com - WWW.OpTIMUM-¢o.com
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Para los efectos correspondientes anexo al presente escrito los siguientes documentos:

l. Poder para actuar en el presente.

2. Documento que acredita al representante legal de GYNOPHARM S.A.
3. Recibo de caja del respectivo pago de tasa.
4. Copias de los documentos:

o DI1:US2006194211 publicada el 31 de agosto de 2000.

Carrera 13 N 11995, 0Ot 104 Tel (571)2 1312 13-6205021 - Fax. (571)6 12 19 79
E-mail: negocios@optimum-co com - www.optimum-co.com
Bogota Colombia
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6. NOTIFICACIONES

Para efecros de notificaciones que por disposicion del articulo 50 del Decreto
01 de 1984 debe hacer su Despacho, informo que mi representada y la suscrita
recibiremos notificaciones en la Secretaria de su Despacho o en mis oficinas situadas

en la Carrera 13 Ne 11995, Of. 104 de esta ciudad de Bogota.

Senor Superintendente,

CIELO ANGELA PEI&A RODRIGUEZ

C.C. 51'940.252 de Bogota
T.P.A. 82701 del C.S. dela].

Carrera 13 Ne 119.95, Of. 104 Tel. (571)2 1312 13-6205021 - Fax. (571)6 12 19 79
E-mail: negocios@optimum-o.com - www.opruntin-co.cou
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

RECIRG OFICIAL DE CAJA

1o -

NIT

32,637

B00176089-2

oL A8 de2

RESPONSABL

ﬁBSCIENTDS NOVENTA Y CINED MIL PESOS

TOTAL

RECIBO DE CAJA APLICADD AL EXPEDIENTE No.

-+ FECHA ¢ ABRIL 27 DE 2010
kisxr CONSTIGNACTIQON fEXIf
NEPOSITANTE TIFD PARD HANCO CUENTA No. PAGD FECHA PGO Yr, PAGO
GYNDOPHARM 5.4. CONSIGNACION RANCO DE ROGOTA 042754387 173531245  12704/2010 2958,000.00
GYNOPHARM §.4. CONSIGNACION BANCO DBE BOGOTA (42754387 173531256 12/04/2010 295,000,00
RYNOPHARH G.A. CONSIGNACION BANCQ DBE BOBOTA 042755387 173534260 1270472010 293,000.00
BYNOPHARM 5.4, CONSIGNACION BANCO DE BOGOTA 042754387 175496020  12/04/2010 295,000.00
RYNOPHARM S.A. CONSIENACTON BANCO BE BOGOTA 062754387 175496926 1270472010 29%,400.90
sy C 0 N CE P T D 1ind
CANT. RENTISTICD CONCEPTO TOTAL CONCEPTOL.
______ e . //__
i 50005-01-04 PRESENTACION DE DESERVACIONES {///r 12 HARCAS Y LEMAS COMERCIALES 295,000,00

203,000.00
/



PO/ER ESPECML

Yo, LUIS PALACIOS ARAGON, mayor de, edad y vecino de la ciudad de Barranquilla
(Colombia), identificado como apqrece al pie de mi firma, quien en el presente dgcumento

actia en calidad de Representante Legal de la sociedad GYNOPHARM 8. soc1edad

legalmente constituida y domiciliada en la ciudad de Barranqml f(Colombla) Fpot Tels

presente documento otorgo a la doctora CIELO ANGELA PENA RODRIGUEZ, .

abogada en ejercicio, identificada como aparece al pie de su firma, con tarjeta profesional
No. 82701 del C.8. de la J., poder especial, amplio y suficiente, para presentar ante ese

Despacho una remision de informacion a la sohc1tud de patente No."09 112.487, titulada

“ACTIVIDAD ANTITUMORAL DE TEMSIR US EN CANCEB/CTELULAR‘

RENAL PAPILAR”, cuyo titular es WYETH, p llC'l aen h gaceta No. 612 dei 29 de
enero de 2010.

Nuestro apoderado queda facultado, de manera cxpresa para re'lhzar todo tlpO de actos |

necesarios para llevar a cabo el tramite] de dicha- remlslon,_mcluyendo sint limitacion,
preparar vy presentar_sc;llmtudes lncer declaraciones, pagar; tasas, —contribuciones e
impuestos, recabar los-itulos o cértificados. Asimismo quedan autorizados para impugnar

administrativa todo lo que fuere résuelto en el expediente a que se hacelexpresa: referencia -

en el presente poder, con todas las facultades generales y espemﬁcas que fuerfl requerldo

para ella. e e . ‘f :
‘ : "l

De la misma manera, ademas de las facultades que le confiere la natuthleza del presente

mandato, se encuentran fficult'ldos para,recibir, desistir, transigir, sustituir, y reasumir el

presente poder, incoar-acciones, mterponer recursos y-dernds facultades conferidas por ta

ley. i

o R

Dado y Firmaél en ) (Colombla) a los gllas%el mes de ___ de 2010.

GYNOP

Cédula de Extraxy No. 319788.
NIT: 802.006.27

Representante

Acepto: /

) -

CIELO ANGELA PI{}‘\TA RODRIGUEZ
C.C. 51’940.252 de Bogota
T.P.A. 82701 del C.S. dela].
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CERTIFLCADRO NACTIONAL
CAMARA DB COMRRCIO DE BARRANQUTILILA

FECHA: 2010/04/08 HORA: 15:58:36

OPERACION: D1J830408255 . PAGINA: 1
R e I A I R N R A I R R
CERTIFICADS DE EXISTENCIA ¥ REPRESENTACION LEGAL O DE [NSCRIPC&ON DE
DOCUMENTOS . _
EN O JUNTO DE - ESTE ANQ AR EIEGTRA  JUNTA DIRECTIVA DE LA CAMARA DR
COMERCIO. LAS INSCRTPCIONES B CANDTOATOS DEBEN UHACERSE BN LA PRIMERA
DUINCENA D MAYO. PARA [NFORMACTON  DETALLADA  DIRIGIR3E A LA SEDE
PRINCIPAL O COMUNICARSY AL SLCUITENTR TENLEFONG: 3303713-3303716.
Bl SUSCRITC SECRETARTO DE LA CAMARA DE COMERCIOC DE BARRANQUILLA, CON
FUNDAMENTO EN TLAS IWNICRIPCIONES DEL REGTSTRO MERCANTIL:

CEHRrR'T I 1 CA
Que  por Escritura Publica Ne. 3,551 del 17 de Bic/hre de 1997,
otorgada en la Notawia® “3a. d; ZBartanqui]iah inscritc(as) en esta
Camava de Comercié,,ﬂeljiéudéﬂﬂﬁcfﬁxé 85“1§91\béjo el No. 12,965 del

Llibre tespectivo,;fuefconutituida;ld whcledad-mmmmm e e
anonima denominada GYNOPHARM S AL ) &;mjhwi:<~i_1¥ ———————————————————
R R T Fe Al ’

Que  dicha  sociedad- Ha _sido_reformada por las siguientes escrituras

y/o docomenlos privados: \ﬁ*; T -\‘x ",
Numere aaaa/mm/dd L Notaria No. Insc o Reg aaaa/mm/dd
532 1999/03/25“\thaﬁiaqﬁqgfde Barranquilla 80,2373 . 1995/04/13

S RO TR T GO A

oues  de  acuerde  con la(s) escritura(s) arriba citada(s), la sociedad
e viage por las siguientces digposleiones:
DEMOMINACION O RAZON SOCTIAL:
GYNOPHARM 5. A o m e e i e e e
NOMICTLTO PRINCTPAT,: Barranquilla.
NIT No: BOZ.006.279-4,
MATETCULA MERCANTIL: 245,470 .

CEHERTIEILICA
Direcclon para notlficaciones judiciales:

CR.A19 C No 80 - 125 OF 512,

s er

i

Ta cindad de Barrvanqull o,

l;”Qbﬁrﬁo aeleclLrdnioo:
. S

ina el : N

H F

i

TUDURACION: Bl térwmino ‘de durzcidn de  la sociedad se £ij6 hasta el
L. N o i
o Pt CONTLNUA * cddld
L

PR

[
CERTIFICDERA E/fiﬁ’f

I
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o
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mvenegas@oynephacm. cofl ¢ol |
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i

b
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CERTIEVCADO NACTONAL

CAMARA DE COMERCTO BE HBARRANQUILLA

FECHA: 2010/04/08 HORA: 15:58:36

OPERACTON: 01JES0408255 PAGINA: 2

Ch AR kA AN Ak AR A LR A ke b khkh kR kR kAU k A A Sk ok kA A K

KAk ok kR kA KT A Kk ARk A K A KKk kA
16 de |Dic/bre de 2047.
CLERTIT T CA
OBRJETO| SOCIAL: a) La fabricacion de cawsuias y otro productos simi-
lares la partir de materlales tales como gelatinas u obros de distin-
ta naturaleza, que puedan ser vbilizados como envases o recipientes
de pr‘dvcros vy susltancias quimicas, larmaceuticas vy cosmeLicas, para
uso vyl consumo  humano v veterinario. b) La investigacion, desarcollo
vy fabricacion de toda clase de productos v sustancias guimicas, far-

macedlilcas vy cosmellicas para uso y consumo humano, animnal y vegeltal.

¢) La | compra y venta de meterias primas , insumos y prodactos inbar-
medios | necesarlos para los~procesos de‘rfdhrlgkoOﬂ de sustancias
sy cosmebicas, asl como L& comercializacion

quimicag farmaceunti

ca
internal y exzterna de los produrto" terminados. d) La compra, wventa,

*___4—7

importagion, fxpoftacjbn y dig 1rnhuh}uw de todarclase de eleinentos
1nstrum%n ale % ch]pOo, MEdJCOJ, qLL;qu1<o¢f odontologicos y hos-
pitalarios para la ~“salud humdnd vy animal. e) Actuar come represen—
tarnte A agente de perscnhas Baturales y jucidicas naclonales y ex-
LHHJ@EJS en la rea]12661on de oparaciones o transacclones relacio-
nadas 1on la industria farmaceutica'y en especial Con cualesquiera

de las | actividades descritas en log litecales a), b), <) v d) antes
transcrilkos. f) Prestar loz servicios de asesorvia v caonsulloria en

las areas administrativa, de mercacso, analisis clinico, asistencila
ternica,| invesrtigacion, c¢ostos vy producclon exportaciones, lwporta-

ciones, |ventas, relacionadas con iguales o similares actividades a
.

las cquey| constituyen el objeto de GYMOPHARM S.A., asi como los de2 pu-
blicidad| v opromocion de productos guimicos, cosmeticos y larmaceuti-
cos  par uso humano, animal o induslrial. g) Adquirviv, operar, adioi-
nistrac {y explotar, a cualquier titulo,enpresas o establecimnlentos
dedicados) a la investigacion, desarrollo, fabricacion o comerciali-
zacion de productos quimicos, farwmaceuticos, hespitalarios o cosme-
ticos. BEn desarrollo de su objelbo principal, la scciedad podra Lo-
mar inkeres social como accloniste, socio o fundador de empresas que
tengan igual ¢ similar objelo; couprar, vender, wmpoctar y éexportar
maquinariés, insumos v repuestos reauecidos pava 2l desarvollo de
sus actividades; tomar dinero en prestano, financiar v gavantizar las
k&& CONTINUA Kxx
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sentatliva del mercado vigente el dia en gue se surta la aprobacion o
celebrlscion del acto. Para enajenarc, & cualquier tituleo, bienes in-
muebles de la sacledad o constituir gravamenes sobre los mismos, de-
bera obtaner la aprobacion de la Jjunta directiva, cualquiera que sea

’_-——

dntia de la transaccion; o las domas Lunciones que le corres-
pondan como  representante  legal por disposicion de la ley, de estos
statu o de la junta directiva. El Gerente General tendra un su-
plenLe
identidas facultades en sus faltas_temporales, absolutas o meramente
acciedentales, sin que sea negesario pars ello acrediter la ausencia
del principal . ————~—=—=—= (o e e 7T e e e
CERTIFICA ,
Que seglin Acta No. 15 del 18 de Febrero de 2008 correspondients a
la Asamflea de Accioni%tag an Bogota,, dé"ra-§geiédad:

deblgﬂadO por la Jjunta direcliva, qulen lo reemplazara con

)____.__

GYNOPHARM S AL ;e-»f--f-»k*~—~_;~::ffu~:;<—~n—-»w~—«_—_———n——
cuya piLte pc:LLnenLe se LanLdbiO en esba Camara de Comercic, el
25 de FAbE@LO rle 2008 bdjO el No. L31h919 del libro respectivo, Fueron
hechos los elqulenteq nombfamlentoq s~ e T
CLASE: 0 T JUNTA BIRECTIVA S T
Principalles
1. Lllobet Poal Manuel CCoxFxvxri a4 570,156
2. Zanatta PReherman Leonardo Andres CC oo rrxiny 76O 271
3. Marnoz Marroguin Diego CCLAAmAw®RT (88, 292
4, nbealegre Gonzalez Andres Teonardo CC.******79,~b0,262
SUplente
1. Aqudelo Pelaez Luis Hzonando CC.rFAkaxl g 238,597
2. mdoca Almanza Acleth Avelina COLarERaR36, 718, 415
2. Penaranda Urbina Adriana Pacla CC.rmx*xx53, 120,683
4, towar Vasquez Ruth CioLiesberbn 175 755

CERTILFEFITCA
Que  segln Acta No. 18 del 30 de Ocltubre de 2003 corvespondiente a
la Junta| Directiva en Barranquilla, d2 la SO(LQG o: GYNOPHARM S.A.
e se inscribi an esta Camara de Jomeraic, el
2003 bajo el No. LU7,783 del libro respectivo,
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Gerents Gencral.
Palacios Aragon Luis Alberio Cli, 2=+ x370 788
Coln T Bl C A
Que  seqgun Acta  No. 49 de! 03 de Marzo de 2008 correspondiente a la
Junta Directiva en Barrangquilla, de la socledad: GYNOPHARM S.A.
cuya  parbe pertinente e inscribid en esta Camarae de Comercio, el
1L de M™Marze de 2008 bajo el No. 138,342 del libro respectivo,
fueron hechos los siguientes nowmbramientos:

. o - t - . . ..
Cargo/Nombra o R T S T Identificacidn
. T ! VA o
Suplente del Lergnte! > -
. . . . . N ’ ’ : L -
Mollajoli Centurion Andres Fernando CE.-*#Eddxdku35],283
- ~ » ,/l

WO ELRTE T R T G AL )
Que  segin  Acte NO.\)1§;Q§1_3O de Abril de 2009 correspondiente a la
Asamblea de Accioniﬁtasf~eﬁiiaakrahquillar~d§ la‘sociedad: GYNOPHARM

[#4]

e
7 o [ o, . - . . .
AL Ccuya pacle s pertinente se’ inscribild en esta Camara de Comeurcio,
) . . B R H \ ; } . ,
127 de Mayo ‘de 2009 bajo, el No. 149,311 del libro respective,

fueron hechos los siguidntes nombramientos: - -

D

m——— T ) ¢ e

Cargo/Nombre L Identificacidn

Revisolr Fiscal.
PENALOSA  AUDITORES & ASOCIADOS S.4. Ni.****"*830,095, 635
CERTILIFICA

Que  por  Documents  Privacdo del 11 de Mayo de 2009, otorgado en
Bogola por  Pefaless Auditores & Asociados S$.A.  inscrito en esta
Camara de Comercio, el 27 de Mayo de 2009 haja el Nro 149,215 del
Libro respectivo, fvercen hechos los siguientes nombramlenbtos:

Cargo/tHombre ldentificacidn
Designads: Revisov Fisasal Ppal
- Padilla Romero Ivan Dario CC.rer+ 80,025,798,

L oetet oo
Loyt

'Dequ“aﬂO: Reviscor ¥iscal Suplente e
P P o
‘ Gomers  Precrado Clara Jubhiih CC,******52,54Q;%25J3
4 ; - . : [N

CHRTLTFILCA i J' )

/ o

. - . RN

segun  Docunento  Frivade de fecha 10 de Octubre del 2.000, ‘ins-
en  esta Camara de Comercio el 23 de Noviembre del 2.000!ba ‘
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el No. 1.872 del 1libro repsctivo, consta ¢ne ¢l senor RUBEN MINIKI
GONTOVNIK  C.C. No. 7.463.982, actuando como Presidente 7 represen-
tante | legal de la sociedad GYNOPHARM S.A., otorga Poder kspecial,
Amplio]l v Suficienta a KAREN JENNIFER FISURRGA GARCTA C.C. HMo. 32.-
7322.070, para que en nombre y represantacion de la sociedad suscri-
ba todaes las declaraciones cambiarias a que ¢std obiigada GYNOEPHARM

S.A., len 2l giro normal de sus negocios y operacilones soclalas.——-=--
CERTIEFICA

Que sdgun  Documento Privado de fFecha 10 de Oclubre del 2.000, ins-

crito jen  esta Camara de Comexrcro el 12 de junio del 2.002, bajo el

2.164° del libro res spectivo,consta 'que el  3enor ODRGE CASTELLANOS

MARTINEv,identltlcado con C.L.No.]9.460.089,actu3mdo Ccomo represen-
tante legal de la socliedad GYNORHARM S.A, otouya Poder Especial Am-

plio vi| Suficiente. a KAREN UFRUA'YGAPCTﬂ identilficada con la ce-
dula d& ciuvdadania =~ No.32. 7?? OIO de PdfF-nqurll mediante docu-
mento privado de ocitubre 10/&000 jHSQEAEdj eﬂ-\La Camara de Comer-
cic de Barranquillia bajo el No.1.872 del \libfo respectivo, para
que o) representacion de GYNOFARM 5.2, suscriba  las declaracio-

nes campiarias a los que esta obligada GYNOFARM S.A. en e! giro

crdinario de Sus negoCios Yy Operacioned SoLLlales —— - oo mmmm e oo o
CERTLFILCA

Que por| Escritura  Publica No. 2,404 del 28 de Mayo de 2009,

ctorgadal en la DHNotaria la. de Bo:otd cuya parte pertinente se

inscribié en esta Camara de Comercio, el 02 e Julio de 3009 bajo

el No. 3r948 del libro respeChiv, m———m s o m i

consta que el  sehor LUTS ALBRRPO PALACTOS ARAGON con CI Mo, 310788,

en  su  dallidad de Representante  Legal ode GYNOPHARM S.A., maniflesto
que conlliere poder general, amplio y suficiente a la Doctora =——-—----

CAROLINA | MARIA ROMERO CERON, identificada con cedula de ciudadania
numero 5?.352.190, para ¢gue en nombre de la sociedad GYNOPHARM —--—-
S.A., promueva vy defienda 1oz inteceses de la sociedad judicilal v
exbrajudlcialmente, en  Loda egpecie 2 gestion=s y actuacliones ante
las avteooridades administrativas ¢ Jjurisdiccionales con esgpeclial -
para: a)l Recikhir notificaciones de cualesqguisra tipo de actos —-—--—-
emnanados jde las autoridades aduministrativas o judiciales. b)) ~—=w---
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(57) ABSTRACT

Solid wmor prognosis genes, and methods. svstems and
equipment of using these genes for the prognosis and
treatment of solid tumors. Prognosis genes for a solid tumor
can be identified by the present invention. The expression
profiles of these genes in peripheral blood mononuclear cells
{PBMCs) are correlated with clinical outcome of the solid
tumor. The prognosis genes of the present invention can be

used as surrogate markers for predicting clmical outcome of

a solid tumor in a patient of interest. These genes can also
be used to select a treatment which has a favarable prognosis
for the solid tumor of the patient ot interest.
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METHODS FOR PROGNOSIS AND TREATMENT
OF SOLID TUMORS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority from and
incorporates by reference the entire disclosures of U.S.
Provisional Patent Application Ser. No. 60/466,067. filed
Apr. 29, 2003, and U.S. Provisional Patent Application Ser.
No 60/338.246. filed Jan. 23. 2004.

[0002] All materials on the compact discs labeled “Copy
1" and “Copy 27 are incorporated herein by reference in
their entireties. Each of the compact discs includes the
following files: “Table 3—Spearman Correlation of Base-
line Expression with Clinical Ourcome,x1”™ (298 KB. cre-
ated Apr. 28, 2004). *“Table 4—Qualifiers and the Corre-
sponding Entrez and Unigene Accession Nos.xt™ (179 KB.
created Apr. 28. 2004). *“Table 5—Genes and Gene
Titles.axt™ (331 KB, created Apr. 28, 2004). “Table 8 —Cox
Regresston ef Chnical Outcome on Baseline Gene Expres-
sionIxt” (294 KB, created Apr. 28, 2004}, and “Sequence
Listing. ST25.x1™ (5.454 KB. created Apr. 28. 2004).

TECHNICAL FIELD

(6003} The present invention relates 1o solid numor prog-
nosis genes and methods of using these genes for the
prognosis ar treatment of solid tumors.

BACKGROUND

[0004]  Expression profiling swdies in primary tissues
have demonstrated that there exist transeriptional dif¥er-
ences between normad and malignant tissues. See, for
example. Su. et al.. CANCER RES, 61: 7388-7393 (2001):
and Ramaswamy. et al., PROC NATL ACAD SCI US.A.,
98: 15149-15151 (2001). Recent clinical analyses have also
identified expression profiles within umors that appear to be
highlv correlated with certain measures of clinical out-
comes. One study has demonstrated that expression profiling
of primary tumor biopsies vields prognostic “signatures”
that rival or may even out-perform currently accepted stan-
dard measures of risk in cancer patients. See van de Vijver,
et al. N ENGL I MED, 347: 1999-2009 (2002).

SUMMARY OF THE INVENTION

[0005] The present invention provides methods, systems
and equipment for prognosis or selection of treatment of
solid tumors. Prognosis genes for a solid tumor can be
identified by the present invention. The expression profiles
of these genes in peripheral blood mononuclear cells
(PBMCs) are correlated with clinical outcome of the solid
tmor. These genes can be used as surrogate markers for
predicting clinical outcome of the solid tumor in a patient of
interest. These genes can also be used to identify or select
treatments which have favorable prognoses for the patient of
nterest.

[0006] In one aspect. the present invention provides meth-
ods that are useful for the prognosis or selection of treatment
of a solid umor  a patient of interest. The methods include
comparing an expression profile of one or more prognosis
genes in a peripheral blood sample of the patient of interest
1o at least one reference expression profile of the prognosis
genes. Each ol the prognosis genes is differentially

Aug. 31, 2006

expressed in PBMCs of a first class of patients as compared
to PBMCs ofa second class of patients. Both classes of
patients have a solid tumor. and each class of patients has a
different clinieal quicome. In many embodiments. the prog-
nosis genes ate substantially correlated with a class distinc-
tion between the two classes of patients.

[0007] Solid tumors amenable to the present invention
include, but are not limited to, renal cell carcinoma (RCC).
prostate cancer, head/neck cancer. and other fumors that do
not have their origin ia blood or lymph cells.

[0008] Clinical outcome can be measured by any clinical
indicator. ln one embodiment, clinical outcome is deter-
mined based on climical classifications such as complete
response. partial response, minor response, stable disease.
progressive disease, non-progressive disease, or any com-
bination thereof. In another embodiment. clinical outcome is
measured by time 1o disease progression (TTP) or time to
death (TTD). In still another embodiment. clinical outcome
is prognosticated by using traditional risk assessmemt meth-
ods. such as Motzer risk classification for RCC. Other
patient responses (o a therapeutic treatment can also be used
to measure clinical ontcome. Examples of solid tumor
treatments include, but are not limited to. drug therapy (e.g..
CCI-779 therapy). chemotherapy. honmone therapy. radio-
therapy. immunotherapy. surgery. gene therapy. anti-angio-
genests therapy, palliative therapy. or any combination
thereof.

[0009] In many embodiments. the reference expression
profile(s) includes an average expression profile of the
prognosis genes in peripheral blood samples of reference
patients. In many instances, the reference patients have the
same solid tumor as the patient of interest. and the clinical
outcome of the reference patients arc either known or
determinable.

[0010] The peripheral blood samples of the patient of
interest and reference patients can be whole blood samples.
or blood samples comprising enriched or purified PBMCs.
Other types of blood samples can also be employed in the
present invention. In one embodiment. all of the peripheral
blood samples are baseline samples which are isolated from
respective patients prior to a therapeutic treatment of the
patients.

[0011] Any comparison method can be used to compare
the expression profile of the patient of interest to the
reference expression profile(s). In one embodiment, the
comparison is based on the absolute or relative peripheral
blood expression level of each prognosis gene. In another
embodiment. the comparison is based on the ratios between
expression levels of two or more prognosis genes. In yel
another embodiment. the reference expression profiles
include at least two distinct expression profiles, each being
derived from a difterent class of reterence paticnts. The
companson of the expression profile of the patient of intercst
te the reference expression profiles can be carried out by
using methods incloding, but not limited to. hierarchical
clustering, k-nearcst-neighbors. or weighted-voting algo-
rithm.

[0012] in still another embodiment. the meihods of the
present invention include selecting a treatment which has a
favorable prognosis for the solid tumor in the patient of
interest.
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{0013] In another aspect. the present invention pmsides
other methods useful for the prognosis or selection of
treatment of a solid wmor in a patient of interest. These
methods include comparing an expression profile of one or
more prognosis genes in a peripheral blood sample of the
patient of inlerest to at least one reference expression profile
of the prognosis genes. where each of the prognosis genes is
differentially expressed in PBMCs of a first class of patients
as compared to PBMCs of a second class of patients Each
of the first and second classes is a subcluster formed by an
untsupervised clustering analysis of gene expression profiles
i PBMCs of patients who have the solid tumor. In ane
eibodiment. the majority of the firsi class of patients has a
first climeal ovicome. and the majority of the second class
of patients has a second clinical owconze.

[0014] In yet another aspect, the present invention further
provides methods useful for the prognosis or selection of
ircatment of a solid twmor in a patient of interest. The
methods include comparing an expression profile of one or
more prognesis genes in a peripheral blood sample of the
panient of interest to at least one reference expression profile
of the prognosis genes, where the expression levels of each
of the prognosis genes in PBMCs of patients having the solid
tumor are correlated with chinical outcames of these patients.
The association between PBMC expression levels and clini-
cal outconie can be determined by a statistical method (e.g..
Spearman’s rank correlation or Cox proportional hazard
tegression mode!) or a class-based correlation metric (e g..
neighborhood analysis). In one embodiment. the selid tumor
is RCC. and clinical outcome is measured by patient
response 1o a CCI-779 therapy. fn another embodiment, the
prognosis genes include at least one gene sclected from
Tables Ga, 6b. 6c. 6d. Ya. 9b, 9¢. 9d. 10, 11. 12, 13, 16. 20.
and 21.

{0015] The present invention also features systems vseful
for the prognosis or selection of treatment of a solid tumor
in a patient of interest. The systeis include (1) a memory or
a storage medium comprising data that represent an expres-
sion prolile of one or more prognosis genes in a peripheral
blood sample of the patient of interest. (2) a storage medium
comprising data that represent at least one reference expres-
sion profite of the prognosis genes. (3) a program capable of
comparing the expression profile of the patient ot interest to
the reference expression profile, and (4) a processor capable
of executing the program. The expression levels of the
prognosis genes in PBMCs of patients having the solid
wmor are correlated with clinical outcomes of the patients.

[0016] Morcover. the present invention features nucleic
acid or protein arrays useful for the prognosis or selection of
treatment of a solid wmor in a patient of interest. The nucleic
acid or protein arrays include concentrated probes for solid
MHNOT Prognosis genes.

[0017] Other features. objects. and advantages of the
present invention are apparent in the detailed description
that follows. It should be understood. however, that the
detailed description, while indicating embodiments of the
present invention. is given by way of illustration only, nat
limitaton. Various changes and modifications within the
scope of the invention will become apparent to those skilled
in the art from the detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The patent ur application file conains at least one
drawing executed in color. Copies of this patent or, patent
application publication with celor drawing(s) will be pre-
vided by the Office upon request and payment of the
necessary fee. The drawings are provided for illustration. not
limitation. '

[6019] FIG. 1A depicts expression profiles of class-cor-
related genes idemified by ncarest-neighbor analysis of
patients with survival of less than 150 days versus patients
with survival of greater than 530 days. The relative expres-
sion levels of the cluss-correlated genes (rows) are indicated
for cach patient (columns) according 10 the normalized
expression level scale.

[0020] FIG. IB shows the comparison of the signal to
noise (S2N) similarity metric scores for class-correlated
genes identified in FIG. 1A relative 10 S2N scores for the top
1%. 5%. and 50% of scores for classcorrelated genes
resulting from randomly permuted data sets.

[0021] FIG. IC illustrates training set cross validation
results for predictor gene sets of increasing size. Each
predictor set was evaluated by cross validation to identify
the predictor set with the highest accuracy for classification
of the samples. In these analyses, a 58 gene predictor set
(77% accuracy) was the optimal classifier.

[0022] FIG. 1D demonsirates cross validation results for
each sample vsing the 58-gene predictor identified in FIG.
1C. A leave-onc-out cross validation was perfonued and the
prediction strengths were calculated for cach sample in the
analvsis. For the purposes of illusiration, confidence scores
accompanying calls of “TTD>550 doys™ were assigned
positive values, while prediction sirengths accompanying
calis of “TTD<150 days™ were assigned negative values.

{0023} FIG. 2 shows the relative gene expression levels
of a 42-gene classifier for the comparison of patients with
intermediate versus poor Motzer risk classification.

[0024]) FIG. 2B shows the relative gene expression levels
for an 18-gene classifier idemified in the comparison of
patients with progressive disease versus any other clinical
respoiise.

[0025] FIG. 2C demonstrates the relative gene expression
levels for a 6-gene classifier identified in the comparison of
patients in the lower versus upper quartiles of time to discase
progression.

[0026] FIG. 2D shows the relative gene expression fevels
for a 52-gene classifier identified in the comparson of
patients in the lower versus upper quartiles of survivalftine
to death.

[0027] FIG. 2E depicts the relative expression levels for
a 12-gene classifier identified in the comparison of patients
with early (time to disease progression<106 davs) versus all
other times 1o disease progression (TTP2106 days).

[0028] FIG. 3A illusirates the dendrogram of an unsuper-
vised hierarchical clustering of baseline PBMC profiles in
45 RCC patients using all expressed genes present in at least
one sample and possessing a frequency of greater than 10
ppm in at least one sample (5424 genes total). PBMC
expression profiles in the poor prognosis cluster are indi-
cated by subcluster “A.” where 9 out of 12 patients with
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PBMC profiles in this subcluster exhibited survival of less
than a year. PBMC expression profiles in the good prognosis
cluster are indicated by subcluster “C,™ where 10 out of 12
patients with PBMC profiles in this subcluster exhibiled
survival of greater than a vear. The median survival for
patients in subclusters A, B. C. and DD is 281 days. 566 days,
573 days. and 302 days. respectively,

[0029] FIG. 3B shows baseline expression profiles of
selected genes in RCC patients. The dendrogram of sample
relatedness 1s indicated.

foo3e] FIG. 4A illusirates the Kaplan-Meier survival
curve far patients in the poor and good prognosis subelusters
segregated on the basis of gene expression pattem.

[0031] FI1G. 4B illustrates ihe Kaplan-Meier survival
curve lor patients in the poor and good prognosis subclusters
segregaled on the basis of Motzer risk assessment.

[0032] FIG. 5A demonstrates the result of supervised
identification of a gene classifier for assigning class mem-
bership 1o patients in the good and poor prognosis subclus-
ters. The relative expression levels of the mosi class-corre-
lated gene (rows) are indicated for each patient (columns)
according to the scale described in FIG. 1A,

[0033] FIG. 5B shows cross validation results for each
sample using the gene classifier of FIG. SA. A leave-one-out
cross validation was performed and the confidence scores
were caleulated for each sample in the analysis. Similar to
FIG, ID. for the purposes of illustration, prediction
strengths accompanying calls of “survival>} vear” were
assigned posilive values, while prediction strengths accom-
panying calls of “survival<l vear™ were assigned negative
values. Asterisks identify the false positives in this clinical
assay designed to idenmify short survival times. and arrow-
heads idicate false negatives.

[0034] FIG. 6A shows the optimal gene classifier for
vear-long survival identified by nearest-neighbor analysis
using a more stringent filter (at least 25% present calls, and
an average frequency no less than 5 ppm). A GeneCluster
gene selection approach identifies genes distinguishing
patients with survival less than 365 days versus patients with
survival greater than 365 days in the training set. The
relative expression levels of the most class-correlated genes
{rows) are indicated for cach of the patients in the training
set (columns) according 1o the scale described in FIG. 1A,

[0035) FiG. 6B evaluates prediction accurocy of pene
classifiers of increasing size. Accuracy of class assignment
for gene classifiers containing between 2 and 60 genes in
steps of 2. and 60-200 genes in steps of 10. were evaluated
by leave-one-out cross validation on the waiing sel of
samples. The smallest predictive model with the highest
accuracy was selected (20 gene predictor, indicated by the
arrow).

[0036] FIG. 6C demonstrates the result of evaluation of
the optimal predicuve model of FIG. 6B on an untested set
of RCC PBMC profiles. A k-nearest-neighbors algorithm
ustng the 20 gene classifier was used 10 assign class mem-
bership 1o the remaining 14 PBMC profiles. and the predic-
tion strengths associated with the class assignments are
presented for each sample in the aralysis. Far the purposes
of illusration, confidence scores accompanying calls of
“TTD<363 days™ were assigned positive values. while con-
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fidence scores _accmhpanying calls of “TTD>3065 days™ were
assigned negative values. The overall accuracy of the gene
classifier was 72%. By defining the chinical assay as the
identification of favorable outcome, eght of eight patients
with favorable outcome were correctly identified as having
survival greater than one vear (positive-predictive value of
100%).

[0037] FIG. 7A illustrates the optimal gene classifier for
greater than 106 day time to progression identified by
nearesl-neighbor analysis using a more stringeat (ilter (at
least 25% present calls. and an average frequency no less
than 5 ppm). A GeneCluster gene selection approach iden-
tifles genes distinguishing patients with TTP less than 106
days versus patients with TTP greater than 106 days in the
training set. The relative expression levels of the most
class-correlated genes (rows) are indicated for each of the
patients in the training set (columns) according (o the scale
of FIG. 1A,

[0038] FIG. 7B indicates prediction accuracy of gene
classifiers of increasing size. Accuracy of class assignment
for gene classifiers containing between 2 and 60 genes in
steps of 2, and 60-200 genes in steps of 10, were evaluated
by leave-one-out cross validation on the training set of
samples. The smallest predictive wmodel with the highest
accuracy was selected (30 gene predictor. indicated by the
arrow).

[0039] FIG. 7C shows the result of evaluation of the
optimal predictive model of FIG. 7B on an uatested set of
RCC PBMC profiles. A k-nearest-neighbors algorithm using
the 30 gene classifier was used to assign class membership
to the remaining 14 PBMC profiles. and the prediction
strengths associated with the class assignments are presented
for each sample in the analysis. For the purposes of illus-
tration, confidence scores accompanying calls of “TTP<106
davs™ were assigned positive valves. while confidence
scores accompanying calls of “TTD>106 days™ were
assigned negative values. The overall accuracy of the gene
classifier was 85%. By defining the clinical assay as the
identification of favorable outcome. eight of ten patients
with favorable outcome were correctly 1dentified as having
TTP greater than one 106 days (positive predictive value of
80%) and three of three patients with poor outcome were
correctly predicted 1o have TTP less than 106 davs (negative
predictive valoe 100%).

DETAILED DESCRIPTION

[0040] The present invention provides methods tha are
useful for prognosis or selection of treatmem of solid
tumors. These methods employ prognosis genes that are
differentially expressed in peripheral blood samples of solid
tumor patients who have different clinical outcomes. In
many embodiments, the peripheral blood expression profiles
of these prognosis genes are correlated with patients” clini-
cal outcome or prognosis under a statistical method or a
correlation model. In many other embodiments, solid tomor
patients can be divided into at least twa classes based on
patients” clinical outcome or prognosis. and the prognosis
genes are substantially correlated with a class distinction
between these two classes of patients under a neighborhood
analysis.

[0041] The prognosis genes of the present invention can
be used as surrogate markers tor the prediction of clinical
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oulconie of solid tumors. The prognosis genes of the present
wveniton can also be used for the identificanon of optimat
rreaiments of solid winors. Different patients mav have
distinet clinical responses to a therapeutic treatment due to
individual heterogeneity of the molecular mechanism of the
disease. The identification of gene expression patierns that
correlate with patient response atlows clinicians to select
treatments based on predicled patient responses and thereby
avoid adverse reactions. This provides improved power and
safety of clinical trials and increased benelivrisk ratio for
drugs and other therapeutic treatinents. Peripheral blood is a
lissue that can be routinely obtained from patients in a
mivimally invasive manner. By determining the correlation
berween patient owtcome and gene expression profiles in
peripheral blood samples. the present invention represents a
significant advance in clinical phannacogenomics and sohd
wunor treatment.

[0042] Various aspects of the invention are described in
further detail in the following subsections. The use of
subsections is not meant to limit the invention. Each sub-
section may apply to any aspect of the invention. In this
application. the use of “or” means “and/or” unless stated
otherwise.

I. General Methods for Identifying Solid Tumor Prognosis
Genes

(0043} Previous studics demonsirated that baseline
cxpression profiles in PBMCs from solid wumor patients
were significantly distinet from those of disease-free sub-
jects See U.S, Provisional Application Ser. No. 60/459.782,
filed Apr. 3. 2003, U.S. Provisional Application Ser. No.
60r427,982. filed Nov. 21, 2002, and U.S, patent application
Ser. No. 10/717.397. filed Nov. 21, 2003, all of which are
ncorporated herein by reference. Studies also showed that
gene expression profiles in PBMCs were predictive of
anti-cancer drug activity in vivo. See U.S. Provisional
Application Ser. No. 60/446,133, filed Feb. 11, 2003. and
U.S. patent application Ser. No. 10/775.169. filed Feb. 11.
2004. both of which are incorporated herein by reference. In
addition. studies indicated that PBMC baseline expression
profiles were correlated with clinical outcomes of RCC or
ather non-blood diseases. See U.S. Provisional Application
Ser. No. 60/466.,067. filed Apr. 29, 2003. which is incorpo-
rated herein by reference.

f0044]  The present invention further evaluates the corre-
lation betw een peripheral blood gene expression and clinical
ouicome of solid tumors. Prognosis genes for a varety of
solid wmors can be identified by the present invention.
These genes are diflerentially expressed in peripheral blood
samples of solid tumor patients who have differem clinical
outcomes. In many embodiments. the peripheral blood
expression profiles of the prognosis genes of the present
invention are correlated with patient outcome under statis-
tical methods or correlation models. Exemplary siatistical
methods and correlation models include. but are not limited
to, Spearman’s rank correlation. Cox proportional hazard
regression model. ANOVA/ test. nearest-neighbor analysis.
and other rank tests, survival models or class-based corre-
lation metrics.

{0045] Solid wmors amenable to the present invention
include. withowt limitation, RCC. prostate cancer. head/neck
cancer. ovarian cancer. testicular cancer, brain tumor. breast
cancer, fung cancer. colon cancer, pancreas cancer. stomach
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cancer, bladder cancer, skid cancer. cervical cancer. ulerine
cancer. and liver cancer. In one embodiment. the solid
tumors do not have their origin in blood er lymph (hemato-
poetic) cells. Solid tumors can be measured or evaluated
using direct or indirect visualization procedures. Suitable
visualization methods include, but are not limited to, scans
(such as X-rays., computerized axial tomography (CT).mag-
netic resonance imaging (MRI), positron emission 1omog-
raphy (PET), or ultrasonography (U/S)). biopsy. palpation,
endoscopy. laparoscopy. and other switable means as appre-
ciated by those skillcg in the urnt.

[0046] Clinical outcome of sclid tumors can be assessed
by numerous critena. In many embediments. clinical out-
come is assessed based on patients” response 10 a therapeuiic
treatment. Examples of clinical outcome measures include,
without limitation. complete response. panial response.
minor response, stable disease, progressive discase. time 10
disease progression (TTP). time 1o death (TTD or Survival),
or any combination thereof. Examples of solid tumor ireat-
ments include, without limitation, drug therpy (e.g.. CCl-
779 therapy). chemotherapy, hormone therapy. radiotherapy.
immunotherapy. surgery. gene therapy. anli-angiogencsis
therapy. palliative therapy, or any combination thereo!. or
other conventional or non-conventional therapies.

[0047] n one embodiment. clinical outcome is evaluated
based on the WHO Reporting Criteria, such as those
described in WHO Publication, No. 48 (World Health Orga-
nization. Geneva. Switzerland. 1979). Under the Critena,
uni- or hidimensionally measurable lesions are measured at
each assessment. When multiple lesions are present in any
organ. up to 6 representative Jesions can be sclected, if
available.

[0048] In another embodiment. clinical owtcome is deter-
mined based on a classification sysiem composed of clinical
categories such as complete response. partial response.
minor response. stable disease, progressive disease. or any
combination thereof. “"Complete response™ (CR) means
complete disappearance of all measurable and evaluable
disease. determined by two observations not less than 4
weeks apart. There is no new lesion and no disease related
symptom. “Partial response” (PR) in reference to bidimen-
sionally measurable disease means decrease by at least about
50% ot the sum of the products of the largest perpendicular
diameters of all measurable lesions as determined by 2
observations not less than 4 weeks apart. “Partial response”
in reference to unidimensionally measurabie disease means
decrease by at least about 50% in the sum of the largest
diameters of all lesions as determined by 2 observations not
less than 4 weeks apart. It is not necessary lor all lesions to
have regressed to qualify for pantiaf response. but no leston
should have progressed and ne new lesion should appear.
The assessment should be objective. “Minor response™ in
reference to bidimensionally measurable disease means
about 25% or greater decrease but fess than about 50%
decrease in the sum of the products of the largest perpen-
dicular diameters of all measurable lesions. “Minor
response” in reference 10 unidimensionally measurable dis-
ease means decrease by at least abowt 25% but less than
about 50% in the sum of the largest dinmeters of all lesions.

[0049] Stable disease™ (SD} in reference to bidimension-
ally measurable disease means less than about 25% decrease
or less than about 25% iucrease in the sum of the products

\D



US 2006/0194211 Al

of the largest perpendicular diameters of all measurable
fesions. “Stable disease™ in reference to umidimensionally
measurable disease means less than about 25% decrease or
less than about 25% increase in the sum of the diameters of
ail lesions. No new lesions should appear. “Progressive
discase™ (PD) refers to a greater than or equal to about a 25%
increase in the size of at least one bidimensionally (product
aof the largest perpendicular diameters) or unidimensionalty
ineasurable lesion or appearance of a new lesion. The
accurrence of pleural effusion ar ascites is also considered as
progressive discase if this is substantiated by positive cytol-
ogy. Pathologieal fracture or collapse of bone is not neces-
sanly evidence of disease progression.

{0050 In vor another embodiment. overall subject umor
response for uni- and bidimensionally measurable disease is
determined according to Tabie 1.

TABLE 1

Overall Subject Tumor Response

Response in Response i

Bidimensionally Unidimensionally Overall Subject
Measurable Disease  Measurable Disease Tumor Response

FD Any PD

Any D PI)

8D SDor PR SD

sD CR PR

PR SDor PR or CR PR

CR SDor PR PR

CR CR CR

[0051]  Overall subject tumor response for non-measurable
discase can be assessed, for instance, in the followng
situations:

[0052] &) Overall complete response: if non-measurable
disease is present. it should disappear completely. Oth-
erwise, the subject cannot be considered as an “overall
complete respander.”

[0033] b) Overall progression: in case of a significant
merease i the size of nop-measurable disease or the
appearance ot a new lesion, the overall respanse will be
progression.

[0054] Clinical outcome can also be assessed by other
criteria. For instance. ¢linical outcome can be measured by
TP or TID TTP refers (o the tnterval from the date of
iniiation of a therapeutic treaiment uniil the first day of
measurement of progressive disease. TTD refers to the
interval from the date of initiation of a therapeutic treatment
to the time of death. or censored at the last date known alive.

[0055] Moreover. clinical outcome can include proguoses
based on traditional clinical risk assessment methods. In
many cases. these risk assessment methods employ numer-
ous prognostic factors to classify patients nto different
prognosis or risk groups. One example is Motzer risk
assessment for RCC. as described in Motzer. et al., J CLIN
ONCOL. 17: 2530-2540 (1999). Patients in different risk
groups may have different responses to a therapy.

[0036] Peripheral blood sumples employed in the present
invention can be isolated from solid twnor patients at any
discase or treatment stage. In one embodiment. the periph-
cral blood samples are isolated from solid tumor patients
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prior 10 a therapeutic treziment. These blood samples are
“baseline samples™ with respect to the therapeutic weatment.

[0057] A variety of peripheral blood samples can be-used
in the present invention. In one embodiment. the peripheral
blood samples are whole blood samples: In another embodi-
ment. the peripheral blood samples comprise enriched
PBMCs. By “enriched.” it means that the percentage of
PBMCs in the sample is higher than that in whole blood. In
some cases. the PBMC percentage in an enriched sample is
at least 1. 2. 3. 4, 5 or more times hugher than that in whole
hlood. In some other cases. the PBMC percentage n an
enriched sample is at least 90%. 95%. 98%. 99%. 99 5%. or
more. Blood samples comaining enriched PBMCs can be
prepared using any method known in the ant. such as Ficoll
gradients centrifugation or CPTs (cell punfication tubes)

[0058] The relationship between peripheral blood gene
expression profiles and patient outcome can be evaluated
using global gene expression analyses. Methods suitable for
this purpose include, but are not limited to, nucleic acid
arrays (such as ¢cDNA or oligonucleotide arrays). 2-dimen-
sional SDS-polyacrylamide gel electrophoresis/mass spec-
trometry. and other high throughput nucleotide or polypep-
tide detection technigues.

[0059] Nucleic acid arrays allow for quantitative detection
of the expression levels of a large number of yenes at one
time. Examples of nucteic acid arrays include, but are not
limited to, Genechip'® nucroarrays from Affvmetrix (Santa
Clara. Calil'). cDNA microarrays [rom Agilent Teclmaologies
(Palo Alto, Calif.). and bead arrays described in U.S. Pat.
Nos. 6,288.220 and 6.391.562.

[0060] The polynucleotides tw be hybridized to nucleic
acid arrays can be labeled with one or more labeling
moieties to allow for detection of hvbndized polynucieotide
complexes. The labeling moieties can include compositions
that are deteclable by spectroscopic. photochemical, bio-
chemical. bicelectronic. immunochemical. electrical, optical
or chemical means. Exemplary labeling moieties include
radioisotopes. chemiluminescent compounds. labeled bind-
ing proteins, heavy metal atoms. spectroscopic markers such
as fluorescent markers and dyes. magnetic labels. linked
enzymes. mass spectrometry tags. spin labels. clectron trans-
fer donors and acceptors. and the like. Unlabeled polyaucie-
otides can also be emploved. The pelynucleotides can be
DNA, RNA. or a modified form thereot.

[0061] Hybridization reactions can be perfornied in abso-
lute or differential hybridization formats. In the absolite
hybridization format, polynucleotides derived from one
sample. such as PBMCs from a patient n a selected outcome
class, are hybridized 10 the probes on a nucivic acid array.
Signals detected after the formatien of hvbridization com-
plexes correlate to the polynucleotide levels in the sample.
In the differential hybridization format. polynucleoudes
derived from two biological samples, such as one from &
patient n a first outcome class and the other from a patient
in a second outcome class. are labeled with different labeling
moieties. A mixtire of these diflerently labeled polvnucle-
atides is added to a nucleic acid array The nucleic acid array
is then examined wnder conditions in which the emissions
from the two diferent labels are individually detectable. In
one embodiment. the fluorophores Cy3 and Cy$ (Amersham
Pharmacia Biotech. Piscataway N.J.) are used as the labeling
moicties for the differential hybridization format.
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[0062] Signals gathered from nucleic acid arrays can be
analyzed using conumercially available software. such as
those provide by Affymetrix or Agilent Technologies. Con-
trols. such as lor scan sensitivity, probe labeling and cDNA/
¢RNA quantitation. can be included in the hybridization
experiments. In many embodiments, the nucletc acid array
expression signals are scaled or normalized before being
subject to further analysis. For instance, the expression
signals for each gene can be normalized to take into account
variations in hybridization intensities when more than one
array is used under similar test conditions. Signals for
individual pofynucleotide complex hybridization can also be
nomaltzed using the intensities derived from intemal nar-
malization controls contained on each array. In addition.
genes with relatively consistent expression levels across the
samples can be used to normalize the expression levels of
other genes. In one embodiment. the expression levels of the
genes are normalized across the samples such that the mean
12 zero and the standard deviation is one. In another embodi-
ment, the expression data detected by nucleic acid arravs are
subject to a variation filter which excludes genes showing
minimal or insignificant variation across all samples.

[0063] The gene expression data collected from nucleic
acid arrays can be correlated with clinical outcome using a
variety of methods. Suitable correlation methods include,
but are not limited to. statstical methods (such as Spear-
man's rank correlation. Cox proportional havard regression
iodel. ANOVA/ test. or other suitable rank tests or survival
models) and class-based correlation metrics (such as near-
est-neighbor analysis).

[0064] In one aspect, class-based correlation metncs are
used to idenuly the correlation between peripherat blood
gene expression and clinical outcome. In one embodiment,
patients with a specified solid rumor are divided nto at least
two classes based on their clinical stratifications. The cor-
relation between peripheral blood gene expression (e.g.. in
PBMCs) and clinical outcome is analyzed by a supervised
cluster algorithm. Exemplary supervised clustering algo-
rithms include. but are not limited to. nearest-neighbor
anatvsis. support vector machines, and SPLASH. Under the
supervised cluster algorithms. clinical outcome of each class
of patients is either known or determinable. Genes that are
differentially expressed in peripheral blood cells (e.y..
PBMCs) of ene class of patients relative to the other class of
patients can be identified. In many cases. the genes thus
wdentified are substantially correlated with a class distinction
between the two classes of patients. The genes thus identi-
fied con be used as surrogate markers for predicting clinical
outcome of the soiid tumer in a panent of interest.

[0065] In another embodiment. patients with a specified
solid tumor can be divided into at least two classes based on
pene expression profiles in their peripheral blood cells.
Methods suituble for this purpose include unsupervised
clustering algorithms. such as self-organized maps (SOMs),
k-means, principal component analysis. and hierarchical
clustering. A substantial number (e.g.. at least 50%. 60%.
70%. 80%, 90%. or more) of patients in one class may have
a first clinical outcome, and a substantial number of patients
in the other class may have a second clinical outcome. Gettes
that are differentially expressed in the peripheral blood cells
of'one class of patients refative 1o the other class of patients
can be identitied. These genes arve prognosis genes for the
soltd tumor.
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[0066] In yet another embodiment. patients with a speci-
fied solid mor can be divided into three or more ciasses
based on their clinical stratifications or peripheral blowd
gene expression profiles. Multi-class correlation metrics can
be employed to identifv genes that are diflerentially
expressed in these classes. Exemplary multi-class corrcla-
tion metrics include. but are not Hmited to. GeneCluster 2
soltware provided by MIT Cemer for Genotme Research at
Whitehead Institute (Cambridge. Mass.}.

[0067] Ina further embodiment. neacest-neighbor analysis
(also known as neighborhood analysis) is used to analyze
gene expression data gathered from nucleic acid arrays. The
algorithm for neighborhood analysis is described in Golub.
et al.. SCIENCE. 286: 531-537 (1999). Slonim. et al..
PROCS. OF THE FOURTH ANNUAL INTERNATIONAL
CONFERENCE ON COMPUTATIONAL MOLECULAR
BIOLOGY. Tokyo. Japan, April 8-1). p263-272 (2000). and
U.S. Pat. No. 6.647.341. all of which are incorporated herein
by reference. Under one form of the neighberhood analysis.
the expresston profile of each gene can be represented by an
expression vector g=(e,. €. €5, . . . . e,). where ¢, corre-

sponds to the expression level of gene “¢™ n the ith sample
A class distinction can be represented by an idealized
expression pattermn c=(c,. C5. C5. . . . . ¢, ). where ¢;=1 or -1.
depending on whether the ith sample is isolated from class
0 or class 1. Class 0 may include patients having a lirst
clinical outcome. and class 1 includes patients having a
second clinical outcome. Other forms of class distinction
can also be employed. Typically, a class distinetion repre-
sents an idealized expression pattern. where the expression
level of a gene 1s uniformly high for samples i one class and
uniformly low for samples in the other class.

[0068] The correlation between gene " and the class
distinction can be measured by a signal-to-noise score:

Plg.c)=lu (gi-igi}Tiv givo; ()]

where y1,(2) and j1,(g) represent the means of the log-
transformed expression levels of gene “g” in class 0 and
class 1. respectively. and o,(g) and u,(g) represent the
standard deviation of the log-transformed expression levels
of gene “g” in class 0 and class 1. respectively. A higher
absolute value of a signal-to-noise score indicates that the
gene is more highly expressed in one class than  the other.
In one embodiment, the samples used to detive the signal-
to-noise score comprise enriched or purified PBMCs. Thus.
the signal-to-noise score P(g.c) can represent a correlation
between the class distinction and the expression level of

gene “g” in PBMCs.

[0069] The correlation between gene g™ and the class
distinction can also be measvred by other methods. such as
by the Pearson correlation coeflicient or the Euclidean
distance, as appreciated by those skilled in the ant.

[0070] The significance of ihe correlation between periph-
eral blood gene expression patterns and the class distinction
can be evaluated using a random permutation test. An
unusually high density of genes within the neighborhoods of
the class distinction, as compared to random patterns. sug-
gests that many genes have expression pattems that are
significantly correlated with the class distinction. The cor-
relation between genes and the class distinction can be
diagrammatically viewed through a neighborhood analysis
plot. in which the y-axis represcnts the number of genes
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within vartous neighborhoods around the class distinction
and the x-axis indicates the size of the neighborhood (ie.,
P(g.c)). Curves showing different significance levels for the
number of genes within corresponding neighborhoods of
randomly permuted class distinctions can also be included in
the plot.

(00717 In one embodunent. the prognosis genes af the
present invention are substantially correlated with a class
distinction between two outcome classes. In one example.
the prognosis genes are above the median significance levet
in the neighborhood analysis plot. Tlis means that the
correlaton measure P(g.c) for each prognosis gene is such
that the number of genes within the neighborhood of the
class distinction having the size of P(g.c) is greater than the
number of genes within the corresponding neighborhoods of
randomly permuted class distinctions at the median signifi-
cance level In another example, the employed prognosis
genes are above the 10%. 5%, 2%. or 1% significance level.
As used herein, x % significance level means that x % of
random neighborhoods contain as imany genes as the real
neighborhood around the class distinction.

(0072] Class predictors can be constructed using the prog-
nosis genes of the present invention. These class predictors
are useful for assigning class membership 1o solid wmor
patients. In one embodiment, the prognosis genes in a class
predictor are limited 10 those shown (o be significamtly
carrelaied with the class distinction by the permutation test,
such as those at above the 1%. 2%. 5%, 10%. 20%. 30%.
40%. or 30% significance level. In another embodiment, the
expression level of cach prognosis gene in a class predictor
is svbstantially higher or substantially lower in PBMCs of
one class of patients than in the other class of patiems. In sitl
another embodiment. the prognosis genes in a class predic-
tor huve top absolute values of P(g.c). In yer another
embodiment. the p-value under a Student’s 1-1est (e.g.
wo-tailed distribution, two sample unequal variance) for
cach differentially expressed prognosis gene is no more than
0.05, 0.0i. 0.005. 0.001. 0.0005. 0.0001, or less.

[0073] Ina further embodiment, the class predictors of the
present invention have at least 50% accuracy for leave-one-
out c¢ross validation. In another embodiment. the class
predictors of the present invention have at least 60%. 70%.
&0%. 90%. 95%. or 99% accuracy {or leave-one-out Cross
validation.

[0074] [ another aspect. the correlation between periph-
eral blood gene expression profiles and clinical outcome can
be evainated by statistical methods. Climeal outcome suit-
able lor these analyses icludes. but are not limited to, TTP,
TTD. and other time-associated clinical indicators. One
exemplary statistical method employs Spearman’s ok cor-
relation coeflicient. which has the formula of

=SSy 1SSy Sy )

where SSue=EU NV -[EUIEV ). §S,=ZV 2 H{EV Y
n. and 88\ =2U ~{{ZU)*}n. U, is the expression level
ranking of a gene of interest, V', is the ranking of the clinical
outcome. and n represents the number of patients. The
sharteut formula for Spearman’s rank correlation coeflicient
is r=1-(6xZd W n(n™-1}]. where d,=U-V,. The Spear-
man’s rank correlation is similar to the Pearson’s correlation
except that it is based on ranks and 1s thus more suitable for
data that is not normally distribwied. See. for example.
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Snedecor and Cochran, STATISTICAL METHODS. Eight
edition, lowa State University Press, Ames. lowa. 503 pp.
1989, The correlation coeflicient is tesied 10 assess whether
it differs significantly from a value of 0 (1.¢., no correlation).

[0075] The correlation coefficients for each prognosis
gene identified by the Spearman’s rank cerrelation can be
either positive or negative, provided that the correlation is
statistically significant. In many embodimeuts, the p-value
for each prognosis gene thus identified is no more than 0.05.
0.01. 0.005, 0.001. 0.0005. 0.0001. ar less. In many other
embodiments, the Spearman correlation coetlicients of the
prognosis genes thus identified have absolute values of at
least 0.3. 0.4. 0.5. 0.6. 0.7. 0.8. 0.9. or more.

[0076] Another exemplary statistical method is Cox pro-
portional hazard regression model. which has the formula
of:

log I t0=ulr+fo,

where h (1) is the hazard function thot assesses the instan-
taneous risk of demise at time t, conditional on survival to
that time. a{t) is the buseline hazard function, and x;; is a
covariate which may represent. for example. the expression
level of prognosis gene j in a peripheral blood sample. See
Cox. JOURNAL OF THE ROYAL STATISTICAL SOCI-
ETY, SERIES B 34: 187 (1972). Additional covariates. such
as interactions between covariates. can also be included in
Cox proportional hazard model. As used herein. the terms
“demise” or “survival” are not limuted to real death or
survival. Instead. (hese terms should be interpreted broadly
10 cover any type of time-associated events. such as TTP. In
many cases, the p-valves for the correlation under Cox
proportional hazard regression mode! are no more than 0.05.
0.01, 0.005. 0.001, 0.0005, 0.0001. or less. The p-values for
the prognosis genes identified under Cox proportional haz-
ard regression model can be determined by the likelihood
ratio lest. Wald test, the Score test, or the log-rank test. In
one embodiment. the hazard ratios for the prognosis genes
thus identificd are at least 1.5. 2. 3. 4, 5. or more, In another
embodiment. the hazard ratios for the prognosis genes thus
identified are no more than 0.67, 0.5. 0.33. 0.25, 0.2. or less.

[0077] Oiber rank tests, scores. measurements. or models
can also be employed to identify prognosis genes whose
expression profiles in peripheral blood samples are corre-
lated with clinical outcome of solid wmors. These tests.
scores, measurenments, or models can be eriher parametric or
nonparametric. and the regression may be cither finear or
non-lnear. Many statistical methods and correlation/regres-
sion medels can be carried oui using commercially available
programs.

[0078] Other methods capabie of identifying genes differ-
entially expressed in peripheral blood cells of one class of
patients relative to another class of pattents can be used.
These methods include. but are not limited, RT-PCR, North-
em Blot, in situ hvbridization, and immunoassays such as
ELISA, RIA or Western Blot. The expression levels of genes
thus identified can be substantially higher or substantially
lower in peripheral blood cells (e.g.. PBMCs) of one clags of
patients than in another class of patients. [n some cases, the
average peripheral blood expression level of a prognosis
gene in PBMCs of one class of patients can be at least 2. 3.
4. 5. 10, 20, or more folds higher ar lower than that in
another class of patients. In nianv embodiments. the p-value
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of an appropriate statistical significance test (e.g.. Sdent's
t-iest) for the difference between average expression levels
is no more than 0.05. 0.01, 0.005, 0.001. 0.0005. 0.0001. or

less,

[0079] Prognosis genes for other non-bleod diseases can
be similarly identitied according 1o the present invention,
provided that the correlation between peripheral blood gene
expression and clinical outcome of these discases is statis-
tically stgnificant. The peripheral blood expression patlerns
al the prognosis genes thus idemified are indicative of
clinical autcome of these diseases.

i1 Identitication of RCC Prognosis Genes

[0080]) RCC comprises the majority of all cases of kidnev
cancer and is one of the ten most common cancers in
industnalized countries, comprising 2% of adult malighan-
cles and 2% of cancer-related deaths. Several prognostic
faciors and scoring indices have been developed for patients
diagnosed with RCC, typified by multivariate assessments
of several key indicators. As an example, one prognostic
scoring system employs the five prognostic factors proposed
by Motzer. et al.. supra—namely. Kamofsky performance
status, serum lactate dehydrognease. hemoglobin. serum
calcium, and presence/absence of prior nephrectomy.

[0081] The present invention identifies nwnerous RCC
prognosis genes whose peripheral blood expression profiles
correlate with pattent outcome in CCI-779 therapy. In a
clinical trial. the cytostatic mTOR inhibitor CCI1-779 was
evaluated in RCC patients for its anti-cancer effect PBMCs
collected prior to CCI-779 therapy were analyzed on oligo-
nucleotide arrays in order to determine whether mono-
nuclear cells from RCC patients possessed transcriptional
pattems predictive of patient ovtcome. The resulis of both
supervised and unsupervised analyses indicated thal tran-
scriptional profiles in the surrogate tissue of PBMCs from
RCC patients prior to treatment with CCI-779 are signifi-
cantly correlated with patient outcome.

[0082] PBMCs were isolated prior 0 CCI-779 therapy
from peripheral blood of 45 advanced RCC patients (18
females and 27 males) participating in a phase 2 ¢linica trial
study. Writter informed consent for the pharmacogenomic
portion of the clinical study was received for all individuals
and the project ‘was approved by the local Iostimutional
Review Boards at the participating clinical sites. RCC
wmors of patients were classified at the clieal sites as
conventonal {clear cell) carcinomas (24). granular (1).
papillary (3). or nuxed subtypes (7). Ten tumors were
classified as unknown. RCC patients were primarily of
Cancasian descent (44 Caucasian. 1 Affican-American) and
had o mean age of 58 years (range of 40-78 years). Inciusion
critena included patients with histologically confirmed
advanced renal cancer who had received prior therapy for
advanced disease, or who had not received prior therapy for
advanced disease but were not appropriate candidates to
receive high doses of IL-2 therapy. Other inclusion criteria
included patients with (1) bi-dimensionally measurable evi-
dence of disease: (2) evidence of progression of the disease
prior 10 study entry: (3) an age of 18 years or older; (4)
ANC>1500 pl. platelet>100.000 pL and hemoglobin>8.5
w/dL: (5) adequate renal {unction evidenced by serum crea-
tinme< 1. 3xupper limit of normal; (6) adequate hepatie fune-
tion evidenced by bilirnubin<].5xupper limit of normal and
AST<3xupper limit of nonnal (or AST<5xupper limit of
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normal if liver metastases were present): (7) serum choles-
terol <350 mg/dL, triglveerides<300 mg/dL: (3} ECOG per-
formance status 0-1; and (9) a life expectancy of at least 12
weeks. Exclusion criteria included pasients who had (1) the
presence of known CNS melastases: (2) surgery or radio-
therapy within 3 weeks of start of dosing: (3) chemotherapy
or biologic therapy for RCC within 4 weeks of start of
dosing; (4) treatment with a prior nvestigational agent
within 4 weeks of start of dosing: (5) immunacompromised
status including, those known to be HIV positive, or receiv-
ing concurrent use of unmunosuppressive agents including
corticosteroids: (6) active infecttons. (7) required treatment
with anticonvulsant therapy. (8) presence of unstahie
angina/myocardinl infarction within 6 months/ongoing treat-
ment of life-threatening arrvthmia: (9) history of prior
malignancy in past 3 years: (10) hypersenstivity o mac-
rolide antibiotics: and (11) pregnancy or any uiher illness
which would substantially increase the risk associated with
participation in the study.

[0083] These advanced RCC patients were ireated with
one of 3 doses of CCI-779 (25 mg. 75 mg. or 250 mg)
administered as a 30 minute intravenous (IV) infusion once
weekly for the duration of the tnal. CCIl-779 is an ester
analog of the immunosuppressant rapamycin and as such is
a potent. selective inhibitor of the mammalian target of
rapamycin. The mammalian target of rapamycin (mTOR)
activates multiple signaling pathways. including phospho-
rylation of p70s6kinase, which results in increased transla-
tion of 5' TOP mRNAs encoding proteins involved in
transfation and entry into the G1 phasc of the celi cycle. By
virtue of its inhibitory effects on MTOR and cell cyele
controt, CCI-779 functions as a cytostatic and immumosup-
pressive agemt.

[0084) Clinical staging and size of residuval. recurrent or
metastatic disease were recorded prior 10 treaiment and
every 8 weeks following initiation of CCI-779 therupy.
Tumor size was measured in centimeters and reported as the
product of the longest diameter and its perpendicular. Mea-
surable disease was defined as any bidimensionally measur-
able lesion where both diameters>1.0 et by CT-scan, X-ray
or palpation. Tumor response was determined by the sum of
the products of all measurable lesions. The categories for
assignment of clinical response were gven by the clinical
protoco] definitions (i.c.. progressive disease. stable disease.
minor response, partial response, and complete response).
The category for assigment of prognosis under the Motzer
risk assessinent (favorable vs intennediate vs poor) was also
nsed. Among the 45 RCC patients. 6 were assipned a
favorable risk assessment. 17 patients possessed an ter-
mediate risk score, and 22 patients received a poor prognosis
classification. In addition to 1he categorical classifications.
overall survival and time to disease progression were also
monitored as clinical endpoints.

[0085] HgU93A genechips (manufactured by Aflymetrix)
were used to detect baseline expression profiles in PBMCs
of the RCC patients prior 1o the CCI-779 therapy. Each
HgU93A genechip comprises over 12.600 human sequences
according to the Affymetrix Expression Analvsis Technical
Maunual. RNA transcripts were first isolated from PBMCs of
the RCC patients. cRNA was then prepared and hybridized
ta the genechips according w protocols described in the
Affymetrix’s  Expression Analysis  “fechnical Maaual.
Hybridization signals were collected. scaled. and normal-
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ized before being subject to further analysis. In one example.
the fog of the expression level for each gene was normalized
across the samples such that the mean is zero and the
standard deviation is one.

[0086] The expression profiling analysis revealed that of
the 12.626 genes on the HgU95 A chip. 5,424 genes met the
initia] criteria (i.c.. at least 1 present call across the data set
and at least 1 frequencyZ10 ppm). On average, 4.023
transcripts were detected as “present” in any given RCC
PBMC profile.

[0687] i an initial assessment of the expression data in
baseline PBMCs. pairwise correlations were calculated 1o
assess the association between gene expression levels mea-
sured by HelU95A Affvmetrix microarrays and continuons
measures of clinical ovtcome. Correlations were run using
expression levels from cach of 5,424 qualifiers thot passed
the initial cnteria, Correlations were run for two clinical
measures (TTD and TTP) and for one measure of baseline
expression level (log,-transformed scaled frequency in units
of ppm).

[0088] 1noneexample. Spearman’s rank correlations were
computed. The p-value for the hypothesis that the correla-
tton was equal to O was calculated for each pairwise corre-
lation. For each comparison between clinical outcome and
gene expression. the number of tests that were nominally
significant out of the 5.424 tests performed was calculated
tor tive Type | (i.¢. false-positive} error levels. To adjust for
the tact that 5424 non-independent tests were performed. a
permianon-based approach was emploved 1o evaluate how
often the observed number of significance tests would be
tound under the null hypothesis of no correlation

[0089]  The overall results for Spearman’s rank correlation
comparisons of clinical owtcome with baseline expression
levels (log,-transformed scaled frequency) are summarized
in Tables 2a and 2b. Each table shows alpha confidence
levels (™). the observed numbers of transcripts that have
nominally significant Spearman correlations with the clini-
cal outcome of interest (“Observed Number™), and the
percentage of permulations for which number of nominally
significant Spearman correlations equals or exceeds the
number observed (“%-age of Permutations™). Evidence for
association between clinical ourcome and baseline gene
expression in PBMCs was significant for both TTD and TTP.

TABLE 2a

Speaninan Correlations of Climeal Oulcome with Baseline
Eapression Levels in PBMCs of RCC Pagients 1n CCI-779
Therapv tn = 45 patients)

Time to Disease_Progression

Observed Number of %o-nge of Permutations for
Nominally which Number of Nominally
Significant Significant Spearman
Spearman Corretations equals or
a Correlations* exceeds observed pumber
1.1 1127 3.53% (3310003
IO 749 3.8% (3871t
not 248 3 1% (3171000
s 139 2.6% {26/101000)
IR N 2.5% (2510003

*hased on 5424 genes (filtered by at least one Present and a teast one
frequetes = 14 pprhi)
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[0090)

TABLE 2b

Speamman Correlauons of Clinical Qutcome with
Baseline Expression Levels in PBMCs of RCC Patients
in CCI1-779 Therapy (n = 45 patents)

Time to Death

Observed Nwmnber of  %a-age of Permuuations for which Number

Nemmally of Nominally Significant Speannan
Significant Spearman  Correlations equals or eveeeds observed
a Correlations® number
0.1 1604 0 1% (1/hguy
0.0% 1ni7 0.1% (L7100
001 436 LR B LI
1.003 289 117 (111uN0)
r.0ki] 105 .39 (371000

*based on 3,424 genes {{filtered by at least one Present and 1 least one
frequency 2 10 ppm)

[0091] Table 3 lists the resulis of the Spearman’s rank
correlation analyses for all of the 5,424 genes that met the
initial criteria. Fach gene has a corresponding qualifier on
the HgU95A genechip, and each qualifier represents mut-
tiple oligonucleotide probes that are stably attached to
discrete regions on the HgU95A genechip. According 1o the
design. RNA transcripts of a genc. or the complements
thereof. are expected to hybridize under nucleic acid array
hybridization conditions to the carresponding qualifier on
the HgU95A genechip. As used herein, a polynucleotide can
hybridize to a qualitier if the polynucleotide. or the comple-
ment thereof. can hybridize 10 at least one ohgonncleonde
probe of the qualifier In many embodiments. the polynucle-
otide or the complement thercof can hybridize to at least
50%. 60%. 70%. 8§0%, 90% or 100% of all of the oligo-
nucleotide probes of the qualifier.

[0092] Each gene or qualifier in Table 3 may have a
corresponding SEQ ID NO or Entrez accession number from
which the oligonucleotide probes of the qualifier can be
derived. In many instances. a polypeptide capable of hybrid-
izing to a qualifier can also hybridize to the sequence of the
corresponding SEQ ID NO or Entrez accession number. or
the complement thereof. The sequence ot each Entrez acces-
sion number can be obtained from the Entrez nucleotide
database at the Nationa] Center of Biotechnology Informa-
tion (NCBI). The Eatrez nucleotide database collects
sequences from several sources. including GenBank, Ref-
Seq. and PDB. Each SEQ [D NO may be derived from the
sequence of the corresponding Entrez accession number,
Table 4 shows the Entrez and Unigene accession numbers
for ali of the qualifiers on the HgUY5A gencechip that met the
initial criteria.

[00931 Any ambiguous residue {'n™") in a SEQ 1D NO can
be determined by a variety of methods In one embodiment.
the ambiguous residues in a SEQ ID NO are determined by
aligning the SEQ ID NO to a corresponding genomic
sequence obtained from a human genome sequence data-
base. In another embodiment, the ambigueus residues n a
SEQ ID NO are determined based on the sequence of the
corresponding  Entrez accession number. In vet another
embodiment, the ambiguous residues are determined by
re-sequencing the SEQ 1D NO.

[0094] Genes associated with each qualifier on the
HagU95A genechip can be identified based on the annota-
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tions provided by Affvinetrix. All of the genes thus identified
are listed in Tables 3 and 5. These genes can also be
wdentified based on their corresponding Entrez or Unigene
accession numbers. [n addition. these genes can be deter-
mined by BLAST searching their corresponding SEQ 1D
NOs. or the unambiguous segments thereof. against a human
genome  sequence  database.  Suitable human  genome
sequence databases for this purpose include. but are not
limited to. the NCBI human genome database. The NCBI
provides BLAST programs, such as “blasin.” tor searching
its sequence databases.

[0095] In onc embodiment. the BLAST search of the
NCBI human gename database is carried out by using an
unambiguons segment {e.g., the Jongest unambiguous seg-
menn) of a SEQ 1D NO. Gene(s) thit aligns 1o the vnam-
biguous segment with significant sequence identity can be
idennified. In many cases. the identified gene(s) has at least
95%., 96%. 97%. 98%. 99%. or more sequence identity with
the unambiguous segment.

[0096] On the basis of Spearman’s rank correlation, prog-
nos1s genes that are highty correlated with TTP or TTD were
ideatified. Table 6a hsts examples of genes whose expres-
sion levels are positively correlated with TTP. Table 6b
depicts examples of genes whose expression levels are
negatively correlated with TTP. Table 6¢ provides examples
ol genes whose expression levels are positively correlated
with TTD. Table 6d shows examples of genes whose expres-
sion levels are negatively correlated with TTD. Correlation
coeflicients, p-values, and the corresponding qualifiers are
also mdicaed for each gene m Tables 6a. 6b. 6¢c. and 6d.

TABLE 6a

Prognosis Genes Positively Comelajed with TTP

HeU93A Quatifier  Correlation Coefliciens P-Value Gene Name

38518 __a 06y 00000 SCML?
I7343__a 03932 00000 ITPR3

41174 a1 (15923 00n0G RANBP2LI
416049 _at 0308 00000 KIAADIYL
40583 _at 03602 000Gl NUPRS

41767 _r_at 1.3591] 000l KIAAOBSS
18156_s_ar 0.5551 o0y DKFZP3640092
J9EN_u (13508 00001 ARL?

IR _w 0.3473 0000l KEAALULS
32169_at U 34u7 rounl KIAAURTS
41362 _at 03272 00002 BMI1

33755 _at 03226 U2 PRPY
S09013_s__at 05223 02 DKFZP3661153
41547 _m 035189 04403 BUB2
37416_m 035177 0003 ARHH

3385 _a 03137 003 SNRPAL
34716 0.5143 o003 TASR
2RI_a (5034 00004 SFRSY)

30426 _at 04977 00005 CALSD

RIS _m 14975 00005 HYPB

36403 _s_at 0.4972 0,005 UNK_AI434146
A0SRt 0.4963 HN00S PRISPR

33364 _at N.4947 .06 APPBPI

33861 _u 04931 00006 UNK_AI123426
36474 _at 0.4927 0006 KIAA0TI6
ERYLS I 04908 G006 CXORF3
WI_a 04904 0.0006 UNK_AF032134
32508 _at 04893 00ul6 KIAALK6
3342 _a 0.4562 0.0007 UNK__ALnd9263
41737 _u 14862 Gan7 SRMI60
36303_1_ut 0.4833 00y ZNFRS
34256_at 0.4829 Q000 SEAT9

33843 _a 14828 0O HNRPHI
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TABLE 6a-continved

Propnosis Genes Positively Correlated with TTP

Hgll93A Qualifier  Comelation Coefficient  P-Value Gene Nume

40048 _ at (14822 ooy UNK_1D43951
37625 _at 04801 nung [RF4
33234 _a 04779 Loy GNK_\ASET480
2000 _at 04777 00009 \TM
37078 _at 0 4760 Gl CD3Z
38778_ar 0.4744 ol Kiaatwg
[0097)

TABLE 6b

Prognosis Genes Negatnely Correlated with 1TP

HgU95A Qualifier  Correlation Coefficient  P-Vadue Gene Name

935_at O CAP

34498 _at 00001 VNN2

37023 _at G.0002 LCPL

286_at 0.em3 HIAFQ

38831 _f_m ol UNK_AF0S3336
J68_at naon3 PECAMI
38893 _a 00003 NCF4
34319_at 00003 S100p
37528_a nang PEEK

1B _pg_at G UNK _S82470
38894_g at 00?7 NCTY
32736_at —0,4805 000N8 UNK_Wasgdu
[0098]

TABLE 6c

Prognosis Genes Positively Comrelated with TTD

HgU93A Qualifier  Comrelaton Coefficient P-Vahwe Gene Name

37385_at 1.6324 G 00oo CYP
41606__at (.6135 0000 DRG1
33420_g_at fr.eud3 0000 APIS

38353 _ar 0.5969 Yoy PSMC2

38017 _at 0,5942 00000 CDT9A

31831 _at 1.3854 aafing RFp?
35319_at n.5817 0. CTCE
3§702_at 03702 ol UNK _AF70640
36474_a 1) 3634 Gl Kiaoangre
34236_a (1.5649 ol SIAT9

34763 _at (L3373 ainol CSPGE
33331_a 0 356) 9a0m] CREBRP

220 at 11,5499 9.0001 CBE2
T38l_g 12.5478 ol GTF2B

U092 _at 1.5436 U0l BAZIA
39746_at 113428 yunt POLRIB
41174 _at (1.5424 guinl RANBP2LI
32508_at 13397 oot K1AA196
33403_a 05390 noon] DKFZP347E1010
39809__at 0.5381 0.1 HBPI

34829_ a1 N.3373 ponnl DKCL
37625_at 0.5330 00002 {RF4
35656_a 0.5336 0uiD? RNFG

39509 _at N.3328 00002 UNK__AIE92348
33343_s_at 03324 (o2 PNN
IBO82_at 0.5318 04002 KLAADGS
36303_f,_at N33t 042 ZNFR3
18R5_at 0,538 a2 ERCC3
32194_at 032858 tono? CBF2

41621 __at 05264 00002 ZNF166

At _s_at 03525y . g2 UNK_W23932
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TABLE 6c¢c-continued

Prognosss Genes Positively Comeluted with 17D

HeUv3A Qualifier  Cormelation Coefficient  P-Value Gene Name

3M6Y_ at 03212 0.G002 KIAAO8T3
36845_u DA 0o KIAAOL36
36231 _at 0.5197 003 UNK_ACN02073
35163 _m #3172 03 KIAALO4L
HU9NS_s_ 03170 whn3 DKFZP366J133
3943t 0.3164 (o) NPEPPS

41669 _at 03160 o3 KIAADI9]
33204 0.3130 D003 SSA2

39407 _ at 05139 0003 UNK_W2R264
34716 __at 0.5137 00003 TASR
4N363__at 0,5136 06003 DKFZP364A043
38667_ut 0.5124 Q.03 UNK_AA189161
38127 0.3107 03 SLC23A1
37383 _a 0.53096 0 omd SNRPAL
32085 (ORI 0.0 SFR811
4uR16_nt 035074 0.0004 PWP1

3318 _ 0.5035 D04 EINK_ACON4472
3T _a (3042 .04 RABGGTB
3%016__ar 0.5035 v.od HNRPD

37737 1.4997 0.0005 PCMTI1
36872_at 014976 0.0005 ARPP-19
39445 _at 04973 unos ENRPK

40252 _e_m 1.4970 Ngons HRB2

W17 _u 0.4966 .03 DUSPIL
L728_t 0.4966 0,005 BMI
34967__u 0,4936 00005 UNK_AF001549
SYRGA_ 04549 0.0u08 CIRBP

32758 _¢ _at 0.4947 UOWE RAEL
33793 U.4943 0006 PRPY

1857 _mt 04916 Nuong MADHT

33704 _at 0.4953 0.0006 CXORFS

32372 _we 0491 (.06 CTSB

33483 _a 04892 0e RPLY
34647__at 0.4887 0007 DDXS

1442w 0.4886 007 ESR2
HISUG_at 04875 a7 MAPKAPKS
3A879 _at 14873 o7 DPMI

39512 s 0.4869 0 0n? UNK_AA457029
36783, 1 a 0.4865 Ouin? H-PLK
35479_at 0.4860 DOMT ADAMIR
40305 _n 0.4858 007 UNK_AIR30496
38462 _al 04852 0.0007 NDUFAS
T8I_a U 4851 0.0007 RABGGTB
IR0 _a 14850 Quon? UNK_W28573
3RIF6_s_at 04829 whoog DKFZPS640ug2
JIS_ 04817 1008 NUPiS3
JS286_r__at 04815 0.6NE RY1

36436_n 04815 0.0m)8 DKFZP3641052
38024 _s_at 04813 00008 SSHIBPL
35805 _at 0.4809 0008 DKFZP434D136
A6l 04803 00008 KIAAD261
34274t 0.4801 Q0008 KIAALLLS
JusgT _at 14793 0009 DDX16
41665__al 04792 040009 KIAAD824
3811 _ 04783 Q.09 RAD!
$1166__at 14782 g IGHM
41569_a 0.47%] o9 KIAA09T74
33440 _at 14774 0.ne TCF8

36439 _ a1 14767 009 KIAAO879
216_m 04765 0.0009 PTGDS
$199_s 04760 00009 SFPQ

40051 _at u4756 00010 KEAAOUS?
38U19_at 10.4754 00010 CSNK1E

366U _at 04746 0000 NR3C1

21547 _at 04742 fonl0 BUB3
Satas_a 14734 (LOnlG UNK_W263A21
QUN2R_al u4732 o010y PRISPR

4180y _at 0.4729 001 UNK_AI656421
620_g_al n4727 LANG FSRGI
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[0099]
TABLE 6d

Prognosis Genes Negatively Correlated with TTD
HgU93 A Qualifier Comelation Coefficient  P-Value Gene Name
JR6_at -1 3871 Q00U H2IAFO
33615 __at -0.3841 noou - HIATO
38483 _at -1 3464 04} HSA916
769 s, at ~N.3036 U000 ANNAY
131 _at ~0.4876 0,0007  MAP2K2
32578 _at -04K18 oo PKM2
956 _at ~0.4770 L9 TUBB
3751 _at -0.4760 0030 TALDOL
37148 04744 wly LILRB3
36199 _at -1 4725 Lol DAP

[0100] In addition 1o 1he specific genes described herein,
the present invention contemplates the use of any other gene
that can hybridize under stringent or nucleie acid array
hybridization condmions to a qualifier identified m the
present invention. These genes may include hypothetical or
putative genes that are supported by EST or mRNA data.
The expression profiles of these genes may correlate wiih
patient clinical outcome. As used herein. a gene can hybrid-
ize to a qualifier if an RNA wranscript of the gene can
hybridize 10 at least one oligonucleotide probe of the quah-
fier. In many cases. an RNA transcript of the gene can
hyvbridize to at least 50%. 60%, 70%, 80%. 90%, or more
oligonucleotide probes of the qualifier.

{61017 The oligonucleatide probe sequences of each quali-
fier on HglU95 A genechips may be obtained from A fliymetrix
ar fram the sequence files maintained at Affymetrix website
“www.affynetrix.com/supporttechnicalfoyproducy affx-
?product=hgu95sequence.” For instance. the oligonucle-
otide probe sequences can be found in the sequence file
“HG_U954 Probe Sequences. FASTA™ at the website This
sequence file 1s incorporated herein by reference in its
entirety.

[0102] In another example. 3 Cox proportional hazard
regression model was employed to assess the correlation
between baseline PBMC gene expression levels and clinscal
outconme. Cox mode] can take into account the effects of
censoring on correlations ol gene expression with TTD (or
Survival as of last known date alive) and TTP (or progres-
sion-free status as of last known date alive). Of the 45 RCC
patients with baseline PBMC expression levels, 4 had cen-
sored data for TTP and 15 had censored daa for TTD.
Similar to the Spearman’s assessment of the data. Cox
regression can identify genes significantly correlated with
survival and disease progression for any given a-confidence
level. A similar permutation strategy can be used 1o atfirm
any correlation between baseline expression profiles and
clinical outcome.

[0103} In one embodiment. models were fit using expres-
sion levels from each of the 5.424 qualifiers that passed the
initial filtering criteria in the 45 baseline samples, 1TTP and
TTD were tested for their association with log2-ransformed
scaled frequency ot bascline A SAS program was vsed 10
generate the estimates in Tables 7a and 7b. Tables 7a and 7b
demonstrate a strong correlation between TTP/TTD and
baseline gene expression.
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TABLE Ya-continued

Con Regresstons of Clinical OQutcome on Baseltne
Expression Levels in PBMCs of RCC Patients in
CC1-779 Therapy {n = 43 patients)

Time to Progression

Percentage of Pemutations for
which Number of Nomumally
Significant Cox Regressions
Equals or Exceeds Observed

Observed Number of
Nominally Significant

v Cox Regressions® Number**
ni 1439 1.8% (4/500)
LN Ysn 0.8%% (375003
wol 342 1.8%0 (4/500)]
[IRUIRY 17 0.8% (1500
0, 53 1.0% (3/300)

*lor 3424 genes (filtered by ai least one Present call and at least one fre-
quency Z 10 ppin}
**hased on S0 random pemiutations

[ 01 (l4]
TABLE 7b
Con Regressions of Clinical Outcome on Baseline
Expression Levels in PBMCs of RCC Patients in
CCI-779 Therpy (n = 45 patients)
Time 1o Death
Percentage of Pemmutations for
which Number of Nominally
Observed Number of Ssgnificant Cox Regressions
Nominally Sigmficant Equals or Exceeds Observed
v Cox Regressions* Nuinber**
(8] 1548 <,2% (11500}
nus 1383 <0.2% {D450K1)
g 6012 <0).2% (0500)
00N and <0,2% {D/300)
(TN 142 <01, 2%% (1300}

*or 3,424 genes (filtered by t least one Present call and at least one fre-
guency Z 10 ppmy) )
**hased on 300 randotn permutations

[0105] Table 8 lists the resahts of Cox proportional hazard
madeling for all of the 5424 genes that met the initial
criteria. Hazard ratios and p-values (for the hypothesis that
the risk coeflicient was equal to 1, i.e.. no risk) are indicated
for each gene. Examples of genes that are indicative of high
risk for TTP or TTD are shown in Tables 9a or Y. respec-
tively. These genes have hazard ratios of at least 3. Examples
of genes that are indicative of low risk for TTP or TTD are
described in Tables 9b or 9d. respectively. These genes have
hazard ratios of no more than 0.333.

TABLE 9a

Prognosis Genes Indicative of High Risk for TTP

HaU93A Qualifier Hazard Ratio P-Value Gene Name

3023 _at 6.1066 00uny LCPL

93 _at 5.8829 00000 CAP

4677 _ar 4.9503 Q0386 MSN
37298 _at 4.6595 00046 GABARAP
R0 _ai 00!l HCLS
676_g_at 00016 IFITM1
33906__at 3149750 00106 $S8CAl

Prognosis Genes Indicative of High Rusk for TTP

HgU93A Qualifier Hazard Ratio  P-Valne Gene Name
32736_at 3.8093 0N013  UNK_WERS3N
40169_at 3.3692 00243 Tipay
39811 _at 3.4197 0.1074  UNK_AMMAIR
1309 _at 3.3680 00033 PSMB3
39814_s_at 3.2703 nuO29  UNK_AING2724
IBG05_at 31625 40592 NDUYB!
38831 _f_m 30853 00092 UNK_AF033336
[0106]

TABLE 9%

Prognosis Genes Indicative of Low Risk for TTP

HgU93A Qualifier Hazard Ratio  P-Valwe  Gene Name
39415 _at 0818 0002 HNRPK
35733_at 0.1608 0,001 PRPY

33667 _at 0.1650 (1.0§90 PPLA

33845_at 01657 00024 HNRPHI
36186_at 0.1661 0.0n40 RNPS1
1420_s_a 0.1662 .09 EIF4A2

31930 _at 01724 aon PABPCIL
34647_at 0.1831 (.0010 DDX3
36315_at 0.2094 0.0002 GNE

36111 _s_a 02147 (un31 SFRS2

39180 _at 12154 QAneg FUS

33738__g 10.2186 0.10 RAE1
31932_at 0.221 00076 RPLE
38327_a N.3258 W06 NONO

32831 _at 1.2298 M.0606 TIM17
37609_at 02321 (Luni6 NUBPI

34695 _a 0.2330 0.0N33 GAl?
39730_at 0.2331 (1003 ABLL
353808_at 1 2383 0037 5FRS6
3275 0.2386 .0013 UNK _AFW7180
41737 _a 1.2393 0.0123 SRM160
32205_at 0.2434 0.0009 PRKR.A
40252_g 0.2473 0.0033 HRB2

353325 _at 02340 0.0039 UNK_AFO32113
41292_at f 2349 00014 HNRPHI
32658__at 12353 0001y UNK_ALN33224
33307_at 0.2569 0.0008 UNK_ALN22316
40426 _at 1.2387 U306 BCL7B

41562 _at 1.2395 00010 BMIt

34315_at 0.2638 0.0149 AFG3L2
33920_at 0.26635 Q.0549 DIAPHI
33706_at 0.2698 0014 SARTI
351T0_a 0.2706 (LU033 MAN2CT
229_a 02743 u0ngd4 CBF2
33485_at 0,274 noLes RPL4

1728__at 0.2736 013 BMI1

38105 _at 2748 017 UNK_W2632)
1361_at 09,2801 10039 TERF!
3MT7_a 0.2831 040 EIF3

36436_at M.2834 00015 DKFZP3i64I052
838_s_at 0.2841 0.0616 UBE2L

1706_at 0.2852 00144 ARAFL

38778 _ut 0.2882 [ KIAAIU46
30378 _at 1.2896 0.1463 BECNI
34225_ar 02911 00126 UNK_AF101454
32833 _au 0.2918 0.0016 CLK1

34285 _at 0.2938 0.1021 KIAAOTOS
357143 _a 0.7968 Ui 33 NAR

39165 _at 0.2971 0.0086 NIFU

36685 _ ot 0.2979 0.0043 AMDI

375357 _at 01,3985 0.L038 S1.C4A2
36303_f_ar 0.2987 00018 ZNF83
33392_at 03019 0.0030 DKFZP4341134
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TABLE 9c¢c-continued

Prognosis Genes ndicative of Low Risk for TTP

HgU95 A Quulifier Hazard Ratio P-\ilue  Gene Name
dutéo_at 03031 00038 DKFZP386P1220
34337 _s_ar 01,3047 £.0009 M96

37A06_at 03053 0.006 UNK_Z78308
IRIS6_s_m 0.3083 w0002 DKEZP5640092
378900 0,3053 o120 1LvVBL
Lo_s_ 1t 03060 0.0069 51P2-28

J6862_ 1.34366 (g7 KIAALLLS
39141 _uw 03069 rix74 ABCFL
32391t u3o7l 11280 KIAA0323
3904 s_at 03076 nntd) DGKD

AN306__ 03076 DARIRY ] TCOF!

34369 _a 03078 0.N434 KlAaAnl4
33188 _ut 01 3091 00006 PPIL2
41220 N3l 01,0304 MSF

IR445_a 03123 0.0057 ARHGEFI
36T __ 0.3123 01064 H-PLX

3T _a 03126 00130 NAGRI1

36198 _at 03167 10058 KIiAADDI6
33123 ) 03171 N.0340 RPS6

32433 al 3172 10557 RPS20
3T030__at 0.3181 00006 KIAAQSRT
37705 _m 0.3183 00011 RABGGTB

1711 _at 13199 06463 TP33BPL

S160L _ar 0.3216 L0506 KIAANT94
32079 _u 03219 0.0037 KIAA0639
39863 _u 03230 0.015] UNK_AI8915u3
34326_ 0.3232 0.0023 corB

34808 _ 03244 L0188 KIAA999
36129 1.3244 0014 UNK_ABIT7857
37472 at 0.3249 oy UsP?
ERRITTN 0.3157 IELIH] KIAANISS
33008 _u 63266 10973 EIF3S7

36982 _m 03267 NID1R USPl4
IST3_at (1.5292 0.0566 RPS23

36603 _m 0.3392 00013 GCNIL)
36189 _at 033 00661 L

RTTR (13323 00433 PSMD3
fo107]

TABLE 9%

Prognosis Genes Indicative of High Risk for TTD

Hazard
HelU9<A Qualifier Ratio  P-\alne Gene Name
4077 _ 9.6763 00122 MSN
Ao __at B03T0 0ol49  UNK_AAGUISIR
37298 __ar 7.6453 00021 GABARAP
SRR 6.7764 000Nl HSANI1916
1878_g_u 6.1122  Qudnd  ERCC)
33994 g, m 49451 00008 MYLG
IR _s_ar 49169 00027 ACTB
37012_a 48396 00037 CAPZB
1199 _at 4.7016 o103 EIF4Al
o4l _at 45981 0.0042  CAPZA2
34160_at 43693 00086 ACTGI
340915 _a 44114 00158 VIM
386 _at 4.2492 000 HIAFO
337M_at 41617 00083  ATP6S1
353 _a 4.0632 00102 GNBI
33639 _m 40305 074 CFLL
935 _at 40139 00016 CAP
40l al 3.8316 00043 ATPAN2
37346_at 3RW05 006126 ARF3
3023 _ar 38170 00059 LCPL
ARIS 38077 00034 UQCR
34836 3778 OwisH RABIL

Prognosis Genes Indicative of High Risk for TTD

Hazard
HgUS3A Qualifier Ratio  P-Value Gene Name
35263 _at *3.6729 00558 EIF4EBP2
41724 _at 36395 026 DNS1ASTE
33679_f_at 35643 00134 TUBB2
3B12_g_at 35051 wsoaa?  RGS
40872 _at 34884 00013 CONGB
1315 _at 34428 00026 UNK_D7R361
36374 _at 4083 1032 [DHIG
1131 _at 33871 00002 MAPIK2
J14a4_s al 33198 woni6 ANXA2P?
36963 _ar 33124 wuongs  PGD
35083 _at 32346 00317 UNK_ALNILGT0
32145 _at 32308 00012 ADDI
AFFX- 31377 000en  BACTIN3_Hs_AFFX
HSACO7/X0I331_3_at
T69_s_at 30358 00006 ANXA2
35783 _at 30738 00392 UNK_H93123
32609 _at 30361 0o H2AFO
1695 _at 30329 00225 NEDDS
[0108]

TABLE 94

Prognosts Genes Indicatis e of Low Risk for TTD

HglU93 A Qualifier Hazard Ratio  P-Mulue  Gene Name
416n6_a1 00322 00m DRG1

38016_at 0.63d7 03 HNRPD
39274_at 0.1030 0 mng NUP62
36189_at ERAREN] oy 1LF2

35553 _a 0.114y 0,0nn PSMC2

1728_at 01250 0.u0nt BM1
40232_g_at 01243 0.0003 HRB?
36210_g_at 01287 0.0003 FSRGI

34315 _a 0.1288 0.0028 AFG3L2

34647 _at 0.1293 0.000] PDX3

38Tu2_at 0.1333 OG0 UNK_AFu7nadu
38415_at 0.1428 009 HNRPK

33818 _at 1.1433 0,0011 ENK_ACDN4T2
37500_ar 0.1447 00 UNK_AFO46039
31932 _at 1.1466 0.00123 RPL6

37585 _at 01538 0 0o CYP

33485_at 0.1591 uontn RPL4

34695 _aut 0.1620 00013 GAL7

37609__at 0.1625 .00t NUBPL

32807 _ar 01673 Q.00 DKFZP366C124
33614_ar 0.1694 f.a17 RPLIEA
3273R_g_at 1727 N RAE]

32766_a 1742 0,036 G2

36872_ar 1763 N0 ARPP-1%

34401 _ar 01764 D,ings LOQCRFS)
36186_at (0.1791 0 Ooa7 RNPSI )
35319_at 0.1792 0,000 cTer

735 _at N.1796 Q.0023 ITPR1
40370__f_at 0.1809 [FRal [ 1] HLA-G

37353_g at 11824 00043 SPLON

41295 _a 0.182% 0.0005 GPX3

36845_at 0.1886 0.000] KIAAV136

229 at 0.1887 00008 CBF2

39766 __r_at 1906 0.0016 POLR2K
4N426_at 1909 0183 BCLTB
38436_s_at 01912 1.0240) UNK_ALud9630
35595 _at 01,1945 (00 CGRP-RCP
35636 _at U 1945 wgno] RNF6

35733_at 10,1953 4.4 PRPY

37367 _at 1).1965 nu429 ATPGE

38390 _1_at N 195] wolLTL PTM A
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: TABLE 9d-continued

Prognosis Genes Indicative of Low Rusk for TTD

HeU93A Qualifier Hazard Ratio  P-\alue  Gene Name

Prounosis Genes Indicative of Low Risk for TTD

Hgl934 Qualifier Hazard Ratio  P-Value  Gene Name

35125 _m 0.20044 00120 RPS6
37381 _e_at 0.2014 003 GTF2B
26946 _at 13024 (0,0004 DYRKLA
IBNG6S_u u.2027 0,010 AMFR
32075 _o 0.2049 an1s6 cRC10
31338_at 02037 63 RPLPO
9727 _a 0.,2079 00003 DUSPIL
36456_ 02120 1.0003 DKFZP3641052
37672_a 02121 12,0013 UsP7
41288_af 0.2154 110060 CALMI
3114 _at 02167 00036 RAD2L
33543_s_ut n.219n 0,0002 PNN
35325 _a 1.2193 00043 UNK_AF0352113
39362 _u 02197 Q0048 CGGBP1
37737_a 1.2226 (1.0004 PCMT1
I3T_ U061 UNK_AF023268
1361t 0.030 TERFt
1020_s_ai 02,0020 S1P2-28
38I02_at 0,000 UNK_W28375
33294t 0,2308 0.0003 SSA2
0700 _at N 2309 0022 SPl40
J20_ar 0,230 00067 SIVA
1449_ut 01,2311 10023 PSMA4
34820 _at 0.2319 Q.o DKFZP3861X623
367R3__f_at 0,2319 £.0010 H-PLK
39740_g_ 0.2329 01,0083 NACA
39155 0.2333 0no138 PSMD3
39%64 _at 0.2344 (L0002 CIRBP
3099 _at £.2361 1,001 SEC23A
32208 _ak 1.2363 11036 KIAAQISS
39027 _at 0.2377 00174 COX4
39774 __at 0.23%1 n,0207 OXAIL
40349, at 0.239] 10066 RFC1
40369 _17_at 0.2393 11,0134 UNK_ALG22723
33S_s_at 0.2407 0002 UNK_W23932
04,2410 0.0000 IRF4
02415 0.0223 BTF3
0.2416 0.U065 HNRPH1
0.2418 12,0128 RPL22
0.2425 0.0064 NONO
0.242% 0.0001 DKFZP564A043
01,2427 0.0037 UNK_W26639
1.2445 G.0037 KIAAN63S
01,2483 0.0 KIAALG4)
0242 00087 SPAGT
. 0.2502 0.00004 KIAAD669
649__s_ar (.25304 00001 CXCR4
37715 _at 02510 .02 SNWi
33403 _at 0.2511 L0000 DKFZP347E1010
3472 _s_at 0.2512 0.0013 UNK _M9937%
32576_at 10,2522 mnsi EIF3S3
39378_at n.1231 BECN1
35286_r_x 0.0009 RY1
37350 _at 4,002 UNK_AL031177
AR123_at 01125 D123
41306_at 00001 MAPKAPKS
dn{du_at o004 ZFP193
3R73__a n1g RNMT
31872 _ar 0.M29 SSXT
34349 _at 09035 SEC65L
39792 _atl 0,min2 HNRPR

061 UNK_ALNZ021S
24003 IRF2

33706 _al 0209 SART1
34R09__at n.oLn? KIAAN999
39342 _at 0.2588 111459 MARS
4usTa_at 112593 1).0341 EDF1

40814 _m 14.2397 0,0n09 1Ds
59809 0.2597 000N HBPL
37226_a 0.2599 nond BXIP1
34370_at 0.2604 0020 ARCK1

063 _s_at 0.2604 00010 CRHRI

40816_at 0.2607 04 PWPI

33195_u 02613 0.0051 RPC

40110_at | 0.2621 0.mug IDH3B
338B6_at 1.2625 0.0019 SSHIBPL
34879__at 1.2639 00018 DPMI
36968_s__at 0.2660 0.0019 OIP2

36303 _f_ar 1 2669 0.U00G ZNF8S
40215__at n.2670 Qo103 HISH
38942_r_at 0.2674 o105 LXNK_w2islo
32487_s_at 02672 0 061 KPNA4

36734 _at 0.2675 0.0001 ADCYAPL
39739_at 0.2683 0.0496 MYHY

33443 _at : 1.2687 U004 UNK_79%9120
31930_at . ) 0.2687 .0321 PABPC1
39039_at 11,2689 0.0145 DHCR7
33831_at 02702 LO001 CREBBP
35368_at 02703 0 tuig ZNF27

35237 _at 02706 0.0037 RBBPR
41296_s_at 02713 0.0 GPX3

40396_ at 02717 0.00a7 TCOFI1

35910 _f_at 02720 QU113 MMPLI

34018 _at 0.2722 (L6014 COLIYAL

36949 _ar 0,2722 0.6033 CSNKID

33394 _at N.2730 00011 DDX19

34231 _at 02734 0.0036 UNK_AFu74606
32288 _r_at 0.2738 0.0014 KLRCS
3R903_at 012742 L7 GIB3

38040 _at 0.2743 0.0093 SPF30

39126_at 0,274y (.0ud3 UNK_AltRelu]
35321_a 02752 0,0034 TLK2
365346_r1_ar 02755 0.0142 UNK_ARO1114
39746_ar . 02755 0.0000 POLR2B
41256_at 0.2762 0.0034 EEFID
41789_r_at 0.2781 0.002 KIAANG69
35630_at 0.2784 0.0025 LLGL?
40984__at 0.2789 (0384 UNK_W28233
35199_at 0.2789 0.0033 KIAAMIE2
40308 _at 02791 0.0003 UNK_AT&30496
40803 _at 0.2793 00014 UNK_ALoSO161
300 _a 01,2801 0.0045 PIK3R3

1883 _at 1 2804 Q0008 ERCC3

193 _at 0.2814 0.0330 TAF2G
IR668_ar 02819 U4 KIAADZS3
39730_ar 0.2819 1 DUSE ABLI1

38256 _s_at 0.2821 Q.0009 DKFZP3640092
39290_f at 0.28321 nonty DKFZP364M2423
34326_at 02833 Q.0020 COPB

38923_ar 10,2838 1.075 FRGL

34225_at 0.2843 0.0092 UNK_AFL01434
33238_f a 11.2846 0.0023 SFRS2IP
31546_at 0 2847 L0090 RPLIR
37639_at 02853 (L0180 IMMT

31717 _a 1.2861 0.0n90 NAGRI

32592 _at 0.2862 anas KIAA0323
33978 _at 1,287] 0.m15 UNK_AFM9242
31330 _at 0.2873 (.0243 RPS1Y
33388_a 1) 2881 10,0289 UNK_ALOEO223
40036__at 11.2883 0 U4t MAGOH
418068_ar 0 2888 0.0023 UNK__AFN32102
1683_at £.2891 0021 WIT-1

36198_af £.2895 n.014 KIAAUGLE
38689 _at 02897 00146 Dil49A16.6
39141 _at 0.2904 (10N33 ABCF1
32393_at 2004 00091 KILAADORY

32801 _at 02914 0032 KIaAn3t?

37894 _at 0.2919 003 CuL2

38443 _at 02921 0.0N15 UNK_U79291
493_at 1.2924 L0026 CSNK1ID
41569_at 0 2925 04022 KIAAU974

38455 _at 02928 10066 UNK_ALU9630
1660_at . 1.2932 [ UBE2N
1981_s_a 1.2932 00017 MAX
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TABLE 9d-continued

Prognosis Genes [ndicative of Low Risk for TTD

Prognosis Genes indicative of Low Risk for TTD

Hazard Ratio  P-Vafue  Gene Name

HaUY5A Quahifier Hazard Ratie P-Value  Gene Name HgU93A Qualifier
38T _at 0,2942 014 FUBP2 1793_at 013252 040 CDhC213
38612 _at 1.2944 00011 TSPAN-3 41235_at 03256 0.1646  ATF4
1857_at 0.2950 0.0002 MADH7 38816 _at 0.3262 0LUN0G TaCC2
3047 _ 1.2957 DOl KIAAO156 36239_at 03263 w0143 POL2AFI
33%0S_at 0.2962 0on28  DKFZPA34D136 31951 _s_at 0.3270 0.0280  PABPC1
160_at 0.2964 027 STAM 38424_at 03271 0037 KIAANT4T
1627_at 0.2969 u0l0l  UNK_Z25437 41562 _at 3273 00033 BMIL
ISLN6_at 02972 by YR-29 1920_s_ax 0.3277 00035 CONGI
37703 _a 0.2973 08 RABGGTB 35175_F_ac 0.3288 0015 EEFIA2
35748 01,2982 nol03  EEFIB2 40980 _at 03288 00016 UNK_W26477
40086__at 0.2983 a6 KIAA6] 40833_r_at 1.3289 0.0084 DKFZP3R6GH] L
03 _at 0,283 00053 VIL2 i 0.3290 w0i76  RPL2?
0.2997 LONNE  SLC23Al 32150_a 03294 00074 GOLGA4
0.2999 nolts  NCL 38105 _ar 0.3294 0014 UNK_W26521
03009 0.040  FLN29 32394_s_at 1.3294 w249 RPLY3
0.3013 0n292 RPLS 3340 g 0.3297 0.0003 AP
03015 000l CSPG6 39742_a 03298 0007 TANK
03016 0000i  NPEPPS 32854 _at 0.3303 QU074 KIAAN696
03019 057 TERP2 41337_at 03311 00088 AES
03012 nguas  PNMT 3M7i_g 13316 00113 HTR2A
03029 00183 NAR 1796_s_at 03322 w016l BCL3
03036 0070 MI1IS1 32341 _at 0.3323 G.0013 PPPICC
03044 00131 CLPTML
H_at 0.3048 (I TR} TRDE:
34600_s_at 03036 ol TUB . . .
38014_a (.3059 WOl ADAR [0109] In another effort, nearest-neighbor analysis was
34715 _at 0.3059 G0131  DXYSISSE employed to identify multivariate expression patterns in
19L7_u 1.3067 MSH6 PBMCs of patients that were comelaied with clinical
fl’;:[—-‘“ ::‘:Jfll‘ e g{i"? 108 responses. This approach included nearest-neighbor-based
3 7 [} 7 y () B . . \ . 3
;:“9;;_‘: ('.':37*, 1084 EIJF]3<§_7AF'7LL " identification ol transcripts most correlated with the class
31894 ar 3 o5 CENPCI distinction of interest. random permutation of the sample
39923 _at 01,3091 00079 UNK_AI935420 labels to determine the significance of the discovered gene
3393Y_s_ar 03097 nn23  POU4FI classifiers. and evaluation of the accuracy of various pre-
134“1_:“ ','-3‘395‘ 00003 CASP2 dictive models containing different numbers of genes by
33661 w3102 0007 RPLS leave-one-out cross validation
H1514_s_at 03108 00039 UNK. W26628 '
S186_a 0.3113 0016 PAF6SB [0110] In one embodiment. nearest-neighbor analysis and
"f;;g“‘[ ::Jizi ::::‘;21 ;;;gg supervised class prediction were performed using Geneelus-
v 03136 oot PESSPR ter version 2.0 which has been described by Golub. et al..
4B15_m 0.3137 00178 EIFIB2 supra. and is available at www.genome . wimit eduw/cancer/
4277 _at 1.3140 00023 KIAAIOR) software/genecluster2.html. For the analysis. all raw expres-
1228 _s_at 0.3143 UOeI  MGEAS sion data were log transformed and normalized to have a
;z?: Z_m l;.;}jg -).r)ém (:5172ﬁ mean value of zero and a variance of one. Class prediction
k 0.3 00633 SFRS2 . . . .
= e ngss o SERS2 was carred out using a k-nearest-neighbors aigorithm as
36474 _m 03157 nu06  KIAAOT76 . I s
32631 03160 n009s  TIMIT described in Armstrong. et al., NATURE GENETICS, 3(:
1512t 01,3161 00348 DYRKIA 41-47 (2002), which is incorporated herein by reference,
IR4TS_at 03162 0uI07  SFRSB This algorithm assigns a test sample to a class by identifying
3RSt u.3167 'r-’-'l'% SSB the k-nearest samples in the training set and then choosing
Trens ::3‘:;:)] . ::rl)g if;;;ﬁ” the most common class among these k-nearest-neighbors.
905 s 6.3174 ool DKFZPS66HS) See Armstrong, et al.. supra. For this purpose. distances can
_e_at 03177 04 MED6 be defined by a Euclidean metric on the basis of the
_at 0.3180 nondd  KIAANNE2 expression levels of a specified number of genes.
_al 0.3186 06283 EIF4A2 .
ot 03194 00073 UNK_ALO22316 [0111] KIGS. 1A-1D iilustrate the comparison of short and
37984_s 63204 00236 ARF6 long term survivors. The class distinction is between RCC
4&;{-“’ :'3;3; ':"""j'ig g{f\(ﬁ"*‘mgﬁ" patients who had TTD of less than 150 days (the “'shorter™
38492_ 132 002 ? : : - N
32731 _u 03208 WOI8L UNK_AFO07140 (cilafs) andHRCC patients who had T_F'D of greater llm’n ?50
38075 0311 ool SYPL ays (the “longer” class). The rglaljve expression levels of
32508t 03214 DONN8  KIAAIO96 the class-correlated gene (rows m FIG. 1A) were indicated
38426_at 0.3220 00073 TAF2I for each patient (columns in FIG. 1A) according 1o the
3-‘337-1' U'EBT 9"3‘33 EIF3S3 normalized expression level scale. FIG. 1B depicts the
Ho2 s _w 233 (MU37 NR3CH comparison of the signal to noise similarily metric scores
31465 _s_at 03238 0.0168 UNK_ALD22087 . I PRGN
317 a (13236 00236 RPLA (S2N, ie., P(g.c)|) for class-correlated genes identified in
1009_at 03237 0010 HINT this clinical stratification relalive to S2N scores for the top
38667 _at 1.3239 00002 UNK_AAI89161 %. 3% and 50% of scores for class-correlated yenes
36375_at 0.3244 ODF1 resulting {rom randomly penmuted data sets. Examples of

the genes that are significantly correlated with the shorter

Ny
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survival-longer survival class distinetion are demonstrated
in Table 10. Each gene depicted in Table 10 is a prognosis
gene and can be used to assign a survival class membership
to an RCC patient. Table 10 also shows the HgU95A
qualifier for cach gene ("Qualifier”™). the rank of each gene
(“Rank #7). the class within which the gene is more highly
expressed (“Class™). the S2N score {*Score™). the S2N score
uider a random permutation analysis at the 1% significance
level (“Perm 1%"). the 82N score under a random permnu-
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tation analysis at the 5% significonce level (*Perm 5%"), and
the S2N score under a random permutation analysis at the
median significance level (“Perm (user)"). The genes are
ranked based on their respective S2N scores. Genes more
highly expressed in PBMCs of patients in the “shorter”
survival class are ranked from 1 to 29. and genes more
highly expressed in PBMCs of patients in the “longer”
survival class are ranked from 30 to 58.

TABLE 10

Genes for Predicting Shorer versus Lonyer Survival

Qualifier Gene Name Rank'# Class Score Perm 1% Perm 3% Penn (user)
1020_s_at  SIP2-238 35 Longer EDR  1I40In2d Lonp0wsTo 0 7793364
1665_s_at  ECGF1 12 Shorter 0.98 112835181 19662982 17793773
1815 _g_at TGFBR2 38 Longer 104 10241055 6.9226947 n 7315544
1878_g_at  ERCCI 27 Shorer 088 (L9426S5R3 0.BR1932 0 7004135
24 ar MSX1 1 Shorter .07 1.6133937 14316087 1.0612979
31432 _g_at FCGRT 19 Shorter 091 10264453 0903481 0.7332006
32166 _at KLaal1g27 22 Shorter 0.9 09880754 0,8991979 017198438
32193 _at PLXNC1 7 Shoster 1 115396018 11244324 0834093

32318_s_at ACTB 11 Shorer 058 11413896 (UR3B331 0.7869063
32475_a UNK_AF023529 10 Shorter 0.99 1.1436108 0Y91RU9T7 u 7955006
32569 _at PAFAHLIBI 39 Longer 102 10132701 09045167 0.7348747
32593 _a KIAAO084 30 Longer 081 09281602 0.BEIZZNS 0.6394012
32807 _at DKFZP566C134 47 Longer 092 09647906 (18738416 0.6699242
I3US1_s_at UNK_W23932 46 Longer 093 09712016 OX771132 0.6791526
33354_at UNK_AAB30312 36 Longer 0.9 08798124 0794334 104361411
33443_at UNK_Z99129 44 Longer 094 0.971864¢ 0.8RITI30 16483464
33679_f_at TUBB2 24 Shorter 0.89 09383792 08932177 0 7133458
353777 _u TBXAS] 29 Shorter UB8 09330733 nd371948 1L6RTRIGD
35908 _at CAPNI 18 Shorter 0,97  L0343246 0YLI4HLS L74]1160¢

3033 _s_ar LILRA2 6 Sperter 1L 1 103943 LWT3RE2 6 Ra2064d
34256_ SIATS 33 Lomger USGE  L9UIOISY 67960334 6 EA3K
34774_at PPT 16 shorter 093 10373199 09192994 1 7528306
34786_at Klaanz4z 32 Longer 1.17 1.2469592 ].0692165 0 BIRI2AE
34891 _at PIN 23 Shorter 0.9  D9736318 0.E943665 17149911
35268_at UNK_ALO30LTL 49 Longer 082 0933329 08717929 06601154
36191_at SKAP-HOM 4  Shorter 103 1.341492% 10789346 N.89N6151
36231 _at UNK_AC002073 31  Longer 117 1280804 1628039 0.890024

36403 _s_at UNK_Al434146 31 Longer @91 DIITTREY 1E26URTE 1,6337137
36630_ar CCND2 40 Longer 1.02  100G0OTE 0.8974235 07254431
36780 _at CLU 3 Sherter 10§ 1374714 [L1416388 09158475
36963 _ut PGD 9  Shorter 1 11366643 1 V933466 11.8083569
yo1z_uw CAPZB 21 Shorter 0.9 10171863 09049488 07224356
205 _at PYGL 25 Shorter 0.89 0.9504R848 8893108 0711156

37307_at GNAI2 15 Shorter 096 1.0398792 09262021 0,7620184
37381 _g_ar GTFXB 37 Longer 0.89 08783308 0.7906994 0.6284431
37397_ar PECAM] 2 Shorter 1.06 14123416 1195739 0.9664i23
37625 _at [RF4 33 Longer 1.1 1.2123538 114076 0.8297089
37647_ at AOAH 26 Shorter (0,89 09433903 0N 8R32746 171616

38397 _at UNK_Uu9196 20 Shorter 0.9 1.0239999 09053201 7286741
38462 _at NDUFAS 38 Longer (88 UBI80|IR WTBIGRUI 1LG233Y13
38475 _at DCTN-50 13 Shorier 096 1 DNE3R3EY nYS23263 0,7732108
38483 _at HSADI916 8  Shorter 1 L1577479 L0OIS97R 1 R1ESH22
388 SCML2 45 Longer 093 09717823 0 REDTISS 16334326
JR5B9_i_at PTMA 32 Longer 091 09170299 n8153701 1.64R1505
38831 _f_at UNK_AFN33336 5 Shorter 102 1.3394d33 10626743 0864975

39047_at KIAADL36 4] Longer 1.0 10031963 18962375 17150707
39062 _at PPGB 17 Shorter 094 [.N372473 09187932 0744112
909 _at HBP1 36 Longer 105 1069407 1YTR49IT 07602489
40610 _at UNK_AI743507 42 Longer 099 09986351 ©EMUNIS NLTUT1I8
40861 _at KIAAQO26 48 Longer 092 US44UR13 0BTA23TI 16670347
4143 _at SECTMI 38 Shorter (.88 0.93904  0.§613926 0.693969

41166_at IGHM 37 Lonmger 104 10626456 09303607 0.764903

41288 _at CALMI 43 Longer 096 09838136 8910337 1.6YR74N05
41471 _at SI00A9 14 Shorter (.96 1 043503 19338488 07633493
41669 _u KIAAO19) 34 Lomger 1.1 LITGNGIT 19059531 DRGITH]
432_s_a  TRAG 35 Longer 0.9 0.88UB494 079356162 6383929
649_s_at  CXCR4 30 Longer 143 1383431 12324374 09647334
T60_at DYRK2 3 Longer 0F  0B8I2M72 ¢ 1936212 16395117
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[0112] The genes that are sigmficantly correlated with the
shorter-longer survival class distinction were used to con-
struci gene classifiers for predicting the survival class mem-
bership of an RCC patient, Fach predictor set was evaluated
by cross validation to identify the predictor set with the
highest accuracy for classification of the samples. In these
analyses. a 58 gene predictor set (77% accuracy) was
identified as the optimal classifier, as shown in FIG. 1C.
Table 10 describes these 58 genes. FIG. 1D demounstrates
the cross validation results for each sample using the
58-gene predictor. A leave-one-out cross validation was
performed and the prediction strengths (PS) were calculated
lor each sample in the analysis. For the purposes of illus-
tration, confidence scores accompanying calls of “TTD>550
days™ were assigned positive values, while prediction
strengths accompanying calls of “TTD<150 davs™ were
assigned negative values.

[6113] A variety of other clinically relevant stratifications
were also performed and relative expression levels of the
optimally-sized gene classifiers in each analysis are sum-
marized in FIGS. 2A-2E. The relative expression levels of
the genes (rows) in cach classifier are indicated for each
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patient (columns) according to the scale of FIG. 1A. FIG.
2A shows the relative gene expression levels of a 42-gene
classifier for the comparison of patients with intermediate
versus poor Motzer risk classificarion. Genes in this classi-
fier are described in Table 11. The baseline expression levels
of these genes in PBMCs of RCC patients are predictive of
a patient’s classification under Motzer risk assessment. FIG.
2B shows the relative gene expression levels for an 18-gene
classifier identified in the comparison of patients with pro-
gressive disease versus any other clinical response. FIG. 2C
demonstrates the relative gene expression levels for a 6-gene
classifier identified in the comparison of patients in the
lower versus upper quartiles of time to disease progression.
Genes in this classifier are illustrated in Table 12. FIG. 2D
shows the relative gene expression levels for a 52-gene
classifier identified in the comparison of patients in the
lower versus upper quartiles of survivaltime to death.
Finally, FIG. 2E depicts the relative expression levels tor a
12-gene classifier identified in the comparison of patients
with early (time to disease progression<106 days) versus all
other times to disease progression (TTP>106 days). Genes in
this classifier are described in Table 13.

TABLE 11

Propnosis Genes for Intermediate Versus Poor Prognosis Motzer Risk

Qualifier Gene Name Rank # Class Score Perm 1% Permi 525 Perm {user]
1158_s_at  CALM3 23 Poor 0.66 08322128 081063 116302731
31620_at  TBX1u 39  Poor 049 06641291 1.6259432 0,3(79407
31979_ut  PFKFB4 21 Poor 0.62 07544383 07037743 1 384796

31982_at KLAAOBYS
32183 _s_ar UNK_U49869 42 Poor 049 0.6595397 1L6149676 O
32274 _1_at UNK_AF032148 35 Poor 033 06744093 06432421
32530_at YWHAQ

325T6_at EIF355
32621_at DRI
32766__at G22P1

11 Intennediate 0.69  01.7164902 (0.6713787 (1.533008]

6 Intermediate 074 0.7697372 0.7312037 05964533
17 intermediate 0.67  0.6919704 0624558 05203478
9 Intermedisre 071 0.7232364 06892603 15680386
18 Intermediate (,67  0.6919188 0,6233876 1.5156429

33178 _at JAGH 31 Poor 03 0716195 06647701 1354687
33361_at GNG3LG 38 Poor 0.51  0.6721476 106284547 1) 5196677
35443 _u UNK_Z99129 10 Imemediae 069  0.7216778 0680077 0.561038]
34430 at GPT 25 Poor 063 MBUB2TTY 07274678 0.6702486
34787 _at NRDI 37 Poor L0320 DETITI6S 0.63146D9 13246186
35256_at UNK_AL0O96737 9 Poor 059 G.7415469 06820045 0.5739683
35299_at MKNK1 M Poor 0.65 08203746 0757703 0.6239301

35319_at CICF
35327_al ETF383

8 Imermediate 072 07329379 07102606 1,5762622
12 Intermediate 0.69 071153967 0.67i292  (1.5470385

36M19_at STK19 40  Poor 049 0.6610833 0.6217781 01 5113894
36189 _at ILF2 16  Intermediate .67 1L6933341 06311333 0324226
36391_at CCNT1 32 Poor 053 06823648 0,6349823 1,348012
36956_at  SLCINA? 33 Poor 0,535 0.6811736 U.632338) 113410793
37625 _at IRF4 21 Imennediate 0.63  1L6670918 U.5195184 03061937
38064_at  LRP 41 Poor 049 06599081 16185175 L.AN34YLS
38075 _a SYPL 2 Imermmediate 087 0.8830003 08203846 0.6704754
IBIB8_s_at MAN2A2 28 Poor 06 1,7427538 06900191 03792173
38233_at HOMER-3 30 Poor 055 0.7166691 .6707633 15600951
38449 a1 UNK_W28931 36 Poor 032 06744089 0635525 052892356

38433_at UNK_ALD9650 4 Imemnedime 0.81  0.7940041 17323303 0.6209757
38456 s ar UNK_ALU49650 5 Imermediate 073 07851316 1.7383793 0.6078528

38483 _at HSAN11916

38738 _at  SMT3HI
39087_at  KNS2
4007 _at CYP1BI
40122_at NSAPL
An130_at FSTL]
40189_at SET
40454 at DEDD

22 Poor 071 09953936 08946125 0. 7231015
14 Intermediate .68  0.7003638 (1L6369433 0.3350646
19 Intermediate 0.66 0 G6R416U8 0.623347% 0.5114179
7 Intemnediate 0.75 07407701 0.717839  0.3875649
20 Intennedime 0.66  0.6713382 0.6201956 u.30&0141
34 Poor 053 0674496 (.6458221 1.3366%34
15 Intermediate (.67 0.69604  (1L6381373 (L3306426
13 Imemmediate 0.68  0.7072377 0.6653$94 0 5396373

40610_u UNK_Al743507 3 Imenmediate 082  (.87N9571 (.7766898 11 6476374

727 _at OATL3
859_at CYPIBI

26 Poor 0.63 07836346 0.7178927 03941035
1 Intennediate 088 10227921 0.5774775 0.7251933
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[0114]
TABLE 12
Prognosis Genes tor Lower versus Upper Quartiles of TTP
Quzlifier  Gene Nanie Rank # Class Score Pean 1%« Permn 3%  Pemm (user)
32635 a1 KLAALLES 6  Upper 116 13744625 10978236 0.871069
33777 _a TBXASIL 3 Lower 10.92 L411021 11079436 0.8730334
37343 _at ITPR3 5 Upper 117 14312017 11718379 .9049279
WM05_uw FGL2 2 Lower 095 14426517 12094318 0.9016392
41634_at  UNK_DR7443 4 Upper 1.17 14784568 1.1896696 (19924999
Y35 _at CAp i Lower 098 | 3230124 | 2381625 09758878
[0115]
TABLE 13
Prognosis Genes for Longer (2106 davs) versus Shorter (<106 davs) TTP
Qualifier Gene Name Rank# Class  Score Perm 1% Perm 3%  Pemn {user)
1653 _at RPS3A 12 Longer 0.67 (8055016 07561578 (.6425947
1665_s_at  ECGF1 1 Shorer 0835 10884173 1014112  N.8190228
1815 _g_ o TGFBR2 9 Longer .7  O99B3F 08274894 (67744558
31675 _s_at PTENPI 2 Shorter 0.85 098265 08774547 (.7430871
31993_1_at UNK_USn764 7 Longer 0.77 10337082 (970009  11.7476342
32569 _ PAFAHIBE 11 Longer 1.7 08784972 07377868 (0.647478
3i6du_ur RPLS 10 Longer .7 04362634 (782186 0.66232K3
R E S LILRB3 4 Shorter 077 UNGTA6 0R1U3006 0.6940544
37045 _a [TPR3 8 Longer .76 09370008 08303211 (L.7U99378
IN397__u UNK_Uw0196 3 Shorter w34 0961974 QOR4193K  0.710196
Anp0T _m DPYSL2? S Shorter TS DE79AT26 D.7939202 06816332
45045 _an SECTM1 6 Shorter N.74 08346471 N7915836 16672204

[0116] Leave-one-out cross validation using the above-
described gene classifiers for the clinical simnfications of
intermediate versus poor prognosis Motzer risk. early pro-
gressors (1TP<106 days) versus all other patients. lower
quartile TTP versus upper quartile TTP, and short term
(survival<130 days) versus long term survivors (sur-
vival>550 days) yielded 74.4%. 77.8%, 77.3% and 79%
overall accuracy for class assignment. respectively. Perfor-
mance characteristics of the above-described classitiers are
summarized in Table 14. The accuracy. seusitivity. and
specilicuy for class asstgnment under each classifier using
leave-one-out cross validation are demonstrated in the table.
The k-nearest-neighbors algorithm as descnbed in Arni-
strong, et atb.. supra, was emploved for all evaluations.

TABLE 14

Performance Charicteristics of Gene Classifiers
from Supervised Approaches

Size of

Optimal Gene  Accuracy  Sensitivity Specifieity
Classification Classifier %0) (%) (%)
Motzer risk Poor vs 42 T4 727 76.3
Intermediate
Progressive disease 18 66.7 22 78.7
s any elinieal
response
Losest quattile b 63.6 M5 727
survival As
ughest quarmle
survival

TABLE 14-continued

Performance Charactenistics of Gene Classifiers
from Supervised Approaches

Size of
Optimal Gene  Accuracy  Sensitivity Specificity

Classification Classifier (%% %) %)

Lowest quartile 6 i1l 818 7
TTPvs

lsghest quartile
TTP

Short term
suevival (TTD <
130 days) vs
long term
survival
(survival > 550
days}

Early progression 12 T8 443 88.2
TTP < 106

days vs all other

patients

l
o

794 374 837

[0117] ~Sensitivity™ as used herein refers to the ratio of
correct positive calls over the total of true positive calls plus

false negative calls. “Specificity” refers to the ratio of

correct negative calls over the total of true negative calls
plus false positive calls. The genes identified in FIGS. 1A
and 2A-2E and Tables 10-13. or the classifiers derived
therefrom. can be used to assign an RCC patient to a
respective clinical class selected from Table 14.
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[0118] In vet another approach, unsupervised clustering
was employed to identily genes that are correlated with
survival. One of the primary endpoints of a clinical trial or
a therapeutic treatment is survival. The above-described
gene classifiers do not predict short term survival with
supreme sensitivity and specificity (such as over 90%, 95%.
or more). This might be due to heterogeneity in PBMC
expression patierns from patients binned arbitrarily into
different survival categories that preciudes highly accurate
prediction using forced-type supervised approaches. A phar-
macogenomic assay capable of identifying short-term and
long-~term survivors in a significant fraction of the intended
treasment population would stil] have obvious benefit, in
terms of clinical prognosis. In an atlempt to identify a more
hmited subset of patients with similar clinical outcomes for
which class assignment would be more robust, an unsuper-
vised hierarchical clustering approach using all genes pass-
mg the mital criteria (5.424 genes total) was employed.

[0119] The unsupervised hierarchical clustering was per-
formed accerding to the procedure described in Eisen. et al..
PROC NATL ACAD SCI U.S.A.. 95: 14863-14868 (1998).
For hierarchical clustering. data were log transformed and
nommalized to bave a mean value of zero and a variance of
one. Mierarchical clustering results were generated using
average linkage clustering and an uncentered correlation
similarity metric.

[0120] The dendrogram in FIG. 3A shows that sample
relattonships grouped the RCC PBMCs (n=45) mto four
raughly equivalent sized subclusters designated A through
0. The majority of patients in cluster A possessed signifi-
cantly shorter survival than the majority of patients in cluster
C. suggesting that expression differences in these rwo sub-
clusters of patients could be predictive of survival in the
majority of patients in these subpopulations. RCC patient
PBMC expression profiles in the poor prognosis cluster
{“A") are indicated by the box around subcluster “A™ in
which 9 out of 12 patients exhibited survival of less than 365
days. RCC patient PBMC expression profiles in the good
prognosis cluster ("C™) are indicated by the box around
subcluster “C™ in which 10 out of 12 patients exhibited
survival of 365 or more days. In addition. prognostic Motzer
scores were distinct between subclusters A and C. as indi-
cated 1n FIG. 3A.

{0121] FIG. 3B shows the baselinc expression patterns of
a group of selected genes in subclusters A-D. Elevated or
decreased oxpression values relative to the average expres-
sion value across oll experiments are indicated according 1o
the seale of FIG. 1A

[0122]  Kaplan-Meier analysis demonstrated that patients
in the four subclusters possessed significam differences in
sorvival (p=00.021. Wilcoxon test). Kaplan-Meier analysis
showed that proguosis by PBMC gene expression signature
in subgroups A (“Poor signature™) and C (“Good Signature™)
vielded more significant differences 1 survival (p=0.0025,
Wilcoxon test) than prognosis by the Motzer risk assessment
(p=0.0123. Wilcoxon test). See FIG. 4A and FIG. 4B.

[0123] The above finding suggests that there exist biolagi-
cally distinct differences in expression patierns of PBMCs
that are predictive of survival in patients with RCC. Because
it was possible that the observed differences in expression
were driven by differences in patient demographics or even
by technical difterences in the samples. technical and demo-
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graphical characteristics between these two subclusters
(cluster “A™ versus cluster “C") were compared in Table 15
Comparison of technicai and demographic parameters indi-
cated no significant ditlerence between these subgroups of
patients. and the only significam differences between these
groups appear 10 be the prognostic Matzer risk classification
and the primary clinical endpoint of survival. Values for the
individual parameters associated with profiles in each of the
clusters were tested for differences (p-value).

TABLE 15

Stgmficance Tesung of Tecluicat, Demographic, Prognostic
and Clinical Parameters Observed in Panents and PBMC
profiles in Good versus Poor Prognosis Clusters

Poor Prognosis Gomi Proanosis

Parameter {Cluster “A™) {Clister *C") p-value
Technical

Raw Q 2.34 2435 G.3200
GAPDH 543 ratio 0.93 093 06600
Scale factor 294 2.69 0,3800
Average frequency 16.8 19.6 0, 2000
(ppm)

Present calls 4178 4194 11,9404
Demographical

Sew 9 male’3 female  9nule’d fermale 1000
Age {vears) 39.3 338 DO
Ethnieity 1009 Caucasian 110% Cancasian Lobi

Prognostic assessment

Morzer 8 poor, 4 3 poor. 7 NIA
classification intermediate inlesmediare. 2

favomble
Clinical endpoint
Median survival 281 373 unnzs
time {days)
Average TTP (days) n7 240 1812
[0124] Given the robust differences in median survival

times between PBMC profiles in the poor and good prog-
nosis clusters. a nearest-neighbor algorithm was employed
to identify the transcripts in the subsets of PBMCs that are
significantly correlated with good and poor prognosis sig-
natures. The relative expression levels of an optimally-sized
gene classifier derived from this analysis are shown in FIG,
5A. The gene classifier was composed of 138 genes.
Because the good prognosis and poor prognosis clusters
were identified based upon their differences in gene expres-
sion, random permutation of this nearest-neighbor analvses
showed the genes in the classifier to be significantly corre-
lated as expected (p<0.01). The relative expression {evels of
each gene (rows) are indicated for each patient (columns)
according to the scale depicted in FIG, 1A Each gene in the
classifier and its respective cxpression ievel in each class
(poor versus good prognosis cluster) are summarized in
Table 16.



US 2006/0194211 Al Aug. 31,2006
20

TABLE 16

Prognosis Genes {or Assigning Class Membership to Patients
in_the Good and Poor Prognosis Subclusters

Qualifier Gene Name Rank # Class Score Perm 19  Perm 5%  Perm (user)
1n34_at TTMP3 91 Good 1357  L0443394 096635145 0.7066911
197 _s__mt CCR7? 155 Good 1.23 08934941 0.7093403 0 3200759
{138 _s_at CALMS 71 Poor 098  LUISARIT 0.7927625 0.5121112
1267 _m PRKCH 14 Good 146  w.9849667 0 BRTIEI9 N.6371682
1313 _u UNK_.D78361 1t Poor 130 L1908811 09882026 0.6823562
23 UNK_X04803 76 Poor 096 1.0239923 07720025 0.5026828
1424_s_ut YWHAH 8§ Poor 136 1.2260145 09882028 0712902

1479 _g_at ITK 13%  Good 1.22 o8877634 07093402 0 314334
17117 _s_ut API2 85 Good 1.68 11134871 1.00032635 07644343
22_al HSI2 I3 Good 13 09849667 0.000169 0.6398714
2069_s_al CTNNAL 9 Poor 135 L20SSS3 0.9BR2026 0.7047761
RS _g_ CTNNAL 40 Poor 116  L1177368 (O.8824167 G.5698908
290_i_at UNK_HI1245% 62 Poor 101 1.0607328 08190967 0.525894

268 _at PECAM1 34 Poor 1.253 11177368 09106543 1.3847529
283 _at UQCRCH 27 Poor 1.32 LYT7368 0.9440462 0.6078221
286G_at H2AFO 55 Poor 106 107645 08333735 0.334318

307 _at ALOXS 75 Poor 0.96 1.0283809 07769105 0.506168

31444 _s_ar ANNA2P2 2 Poor 1.67 13424762 11425713 0.8610321
31504 HDLBP 54 Poor 1.07 10793227 08362362 10.5383964
316¥2_s_ar CSP(G2 20 Poor 1.35  LI213673 09803211 0.6337798
32087 _at 1ISF2 146 Good 1.26 09003578 (.7252433 0.5342414
397 _al PCNT 107 Good 1.44 09840666 08821047 0.6232104
ANR3_s_at UNK_U49869 46 Poor 1.13 L1102691 0.8593918 05556471
383 _a SFRS1 0B Good 143 0.9849666 0.8821047 0.6206103
32531 PPP3CC 93  Good .56 10293367 09333749 0.6922912
226%0_al KEAAOSSE 157 Good 1.22 08893883 07003402 05186093
32749 _s_at FLNA 61 Poor 102 10607328 08224345 0.3291181
32775 _r_at PLSCR1 T8 Poor (195 LOII7315 07712431 0.4984867
328tni_at RXRA 79 Poor 095 LO212312 (.T9693 14976646
32w UNK_AFID1263 142 Good 127 0OOREEXD 0.73694350 03436338
32R06_m BZRP 33 Poor 1%  LOOUB3RI NB3?6178 0 3198283
333w ADCY3 1R Geod 152 10203367 D90016Y1 (.6478866
33267 _an UNK__AF033315 140 Good 1.28 09140006 0.7390382 0.5443108
3537 _s_at  RAB3I 31 Poor .28 L1I77368 09281043 (.3929822
3352 _at ATP4A 111 Good 142 ©v.960B636 08507274 (.6137387
33650 _at CFi1 77 Poor ©.96¢ 10239921 07719817 (.3007594
3733 _a ABCG? 67 Poor 0.99 1.034551 07991308 0.517656

33 _at TBXASY S0 Poor 1.1 1.M997332 (1843028 0.3443143
33788_m LAPZ0 94 Good 1.55 10293367 (9333749 0.685765

33797 _m MPHOSPH10 137 Good 133 0.9333749 07733641 (.57122%

RELI A LDHB 97 Good 1.54 1.0293367 0.9353749 0.674343

3MAT_s_ar UNK_AI3N4834 125 Good 1.34 09353749 (0.804844 (.3768012
33936_at MD-2 3 Poor 162 12851938 1.1000433 0.8143723
34033_s_ar LILRA2 49 Poor 111 11033416 0.8472178 0.3492646
RE BRI SIATY 133 Good 131 09240009 0.7478784 0.53553079
24268 _u GAlP 32 Poor 1.1 1.0969372 O 844719 (5309337
A3 _a GLRX 66 Poor 099 10346843 08039182 032042

REATY T QpP-C 72 Poor 098 10339778 (.7868937 03083646
34634 _at MTMR1 10 Good 133 1.0193367 (19333749 0.6529696
34R6u_at RNASEG 19 Poor 13 LINT7368 09303333 03994623
MAGS_e_at ECGR2B 4 Poor 16 LIR4S2IS L UAIGE9F (FTG5IRR
334768 _al DKFZPIG4EL962 26 Poor 1.32 11177368 0.5440462 0.6101461
34787 _ NRDI 37 Poor LB 1.0177368 0 8I10962 0.5777738
34R29_m DKC1 115 Goed 141 09333749 0.RANF053 0.601603

4RI CYP26A] 147 Good 1.26 19001691 07248837 0.531943

3S23R_m TRAFS 92 Goed 156 0293367 0.9333749 06963615
N6 _T_at RY1 135 Good 129 15199654 (.7444232 0.3536141
3A3Y_at CTCF B0 Good 1.61 1.07387 0096635145 07147587
3IFT4R_al EEF1B2 14 Good 1.28 nBINTNT6 (.7378222 0.3433901
33753_m PRPR 8 Good 179 1.2117286 1.1793184 0.9261844
337730 at NDUFB7 38 Poor [.17 11177368 (.8840246 0.374061

ISEN2_at KlAaAlulg 114 Good 1.41 W.S515032 0.8442041 0.6023917
33BE0_a ARPC3 i3 Poor 143 1183341 09882026 0.677634

33833 PRKCABP 126 Good 1.34 08333742 0.7811239 03762339
33R6y_at MD-1 22 Poor L3¢ 11197696 (19543627 16232207
36021_a UNK_ALndgang 131 Good 1.31 19236013 0,73528632 0.560786

36094 _at TNNT3 13 Good 123 13041191 Q7125431 03212274
3GL_t_a MTLE 69 Poor 0.9% L26395 (.7937169 05151819
Joisi_u Kinan271s 134 Good .31 09219777 0.7474341 03330118
36199 DAP 52 Poor 127 LU77368 0.926622% 0.3910927
36231 _ut UNK_ACou2073 W2 Good 151 0.9849667 0.900l69 1.6418348
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TABLE t6-continued

Prognosis Genes for Assignng Class Memnbesslup to Patients
in the Good and Poor Prognosis Subclusters

Qualifier Gene Nane Rank # Class Score Perm 1%  Perm: 3%  Perm (user}
3643 _s_at  UNK_AM34146 87 Good 1.65 1LU96B134 09738203 0.735724

36356 _al DKFZP364INS2 105 Good 145  (.9849667 0 BA21048 0.6290045
36488 _at EGFL3 45 Poor .14 L1iU2691 08690037 03550479
30545 s ar UNK_ABM114 133 Geood 124 10394684  0.7135342 03253994
36673 rat PENL 43 Poor 116 1ILIUIZ9 08790239 03610438
30753 _at LILRB4 64 Poor | 1.0607327 0 BUBENG 0 3223678
367R0_at CLE 41 Poor 116 1.1177368 0.8801232 0.3653208
36986_at UNK_ALW22721 148  Good 125 09001691 07246513 0.5306757
36889 _u FCERIG 16 Poor 14 1.1736697 09882026 1.6554183
3e94U_at CSNKID 128 Good 133 09343908 07698004 0.5710414
36963 _m PGD 6} Poor 1 10617327 (8134836 15233427
3ro0s_u NBLY 123 Good 1.35 0.9353749 03079842 058034

37021 CTSH 12 Poor 1.5 11857843 D9882026 (.6823362
3I078_al CD3Z 109 Good 143 0.9660364 0.8821047 (.619991
3748 _at LILRB3 3 Poor 139 12713099 10463293 (.76622]

371M_at FCGR1A 6 Poor 1.58 1.2682304 10439228 (.7437066
373 _a TALDO} 24 Poor 1.33 11197696 09471594 0.6191882
37343 _at ITPR3 14} Good 1.37 0.90R162  01.7334376 0.3423645
3ME2_I_at SF3A2 144 Good 127 09061325 0.732057 03407514
37047 _at AQAH 48 Poor 111 LIuBl125 08492031 0.5507001
Jre89 s at FCGR2A 33 Poor 126 LULTTI68 09106545 (.5880213
37727_i_a RCN2 86 Good 167 1.10B1127 099432 0748224}
J8uY_at CSNKIE 95 Good 1.33 110293367 09333749 0.6819632
38030_at KIAAO332 124 Good 134 09353749 0.80538u8 ©.3792956
JRugi_na LTA4H 10 Poar 1.54 11932396 0.9882026 0.6909306
3B _a CsPG2 21 Poor 134 11197697 09688478 U.6293477
381 _g_at CSPG2 14 Poor 146 1180172 09882026 0.67U8109
JRIL3_ar KIAANT96 145 Good 127 DNYONISEE U.TI7E896 0.33851¥6
3a1d8_at CRY! 112 Good 142 00515032 08507274 0.6115539
3BIG3_at TYROBP 23 Poor 134  LNYTE96 0.9526655 0.6241008
I%d_at PSMB1O 65 Poor 099 10364462 08035046 0321821

N4 _at HYACLL916 47 Poor 112 1081127 0.8492386 0.3339569
38327 _at NONO 139 Good 1.28 n9153488 Q7403588 0343356
3JRA2_at NPM1 132 Good 1.24  0.8904522 (.7133279 (.3264516
38620 UNK_AINL2008 70 Poor 098 L(40839  0.7946492 (.512B8S5
332 _m UNK_AFOTI640 113 Good 142 09315032 08307274 0.6056142
33RA3_at HMGIL 110 Good 142 09609948 0831209  N.6164021
IPI ARPCIR 47 Poor 116 11148714 QBTOSR26 0.3651991
39Tt KLAABL3G 121 Good 1.36 ©.9353742 0.81012%6 0386782

39320_at CAsP] 51 Poor L1 10991173 0.842427  0.3426413
39329_ ACTNI 57 Poor 16 10681722 0829216 0.53138435
397 CLAPS2 39 Poor 117 LA177368 0.8R364B4 0.5TIS34S
3930 _at SNX3 19 Poor 135 1216939 19803817 06441603
REN LIRS UNK_AI692348 129 Good 1.33 09262568 07677588 (.5698953
39727_at DIsP1 136 Good 1.29 09195961 0.7426254 (.3511671
39T _at PSMb4 18 Poor 1.36 11250532 09814643 0.6473147
YR _at CIRBP 106 Good 1.44 09849667 U.8B21048 06261963
3997 _n LyLL 73 Poor 097 103686 (0.782038 035071201
w997 _al PIC 38 Poer 103 LOBSTEAY UEB2S3I64 0 330R2)

Sl g at K1AAU303 131 Good 1.24 09001691 0.7179127 0.5294338
A8 _a UNK.. D43951 130 Good 1.31 19281045 0.7539371 0.5626611
4092 _at BAZ2A 132 Good 131 09250832 07514239 0558431

$0219_at HIst 138 Good 1.28 19139876 0.741164 0.3472672
03 _y UNK_AlSHugs 2 Good 172 1MR34ET 1.030367F 0.8307809
St UNK_AA32289] 38 Poor 1.2 L177368 0.8967329 N.3814439
Andd?_f_at  DKFZPI6AM2425 98 Good 154 10293367 09533749 0.6680597
40511 _at GATAZ 118 Good 1.39 0.9353749 0839215 0.5919577
duEai_at DPYNL2 39 Poor 102 10607328 08238136 45300378
Ju647 CDhé 96 Good 1.34 10293367 0.9353749 (16789862
TS _at 1TM2A 149 Goed 125 0.9001691 07227228 0.330193

A0N3_at UNK_Alusngel 150 Good 1.25 10.9001691 0.7224947 0.5295807
4868 _ut UNK_A 443799 12X Good 138 09353749 8133356 0.5874232
496 _at POU2F| 156 Good 123 0.R02482 0.7093403 0.518687

S04 _ SECTMI 300 Poor 128 LIL77368 09301353 0.3970426
136 _s_at APP 6%  Poor 099 10322223 0.7964097 0313617
1135 _f_at CTNNAL 7 Poor LST 12448796 10063852 07184331
4133 _m CTNNAL 17 Poor 138 114¥3397 0986167 0.6532167
HI156_g_at CTNNAL 15 Poor 142 11749369 09882026 1.6394392
S22 _at KIiA 788 88 Good 1.62 1.063765 0.9663145 07124363
41256 EEFID 122 Good 135 19331749 Q8079842 0 3B21422

41288 __at CALMI 119 Good 139 09333749 (8157417 03898756
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TABLE 16<continued
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Prognosis Genes for Assigning Class Membership to Patients

in the Goed and Poor Prognosis Subclusters

Qualifier Gene Name Rank # Class Score Perm 1% Penn 5%  Perm (user)
$130_s TIM2B 36 Poor 1.06  L0734221 03317348 0.5135996
413537 _ar AES 117 Good 1.4 09353749 03396499 1).5050157
41338 _ai AFS 83 Good 171 1.1323878 10314 18103616
41569 _t KIAA974 99 Goed .53 1.0293367 N.9333749 (L6633833
1377y KIAAUE23 91 Good 157 10398163 09665145 0.7029273
4166y_at KIAAOI9] 116 Good 141 0.9353749 08399641 (.3569042
41745 _ar [FITM3 74 Poor 097 L0O346855 07782155 (.5M168782
430_at xp 25 Poor 133 L1IT7368 0.9430463 (16164243
A s 4 CAsSPl 36 Poor 12 10177368 0.8938736 D.5782988
663__at EIF1A 137 Good 1.29 19186698 0.741367 0 3450503
769_s_at ANXNA2 1 Poor 1.77 1.4823041 1.2688332 L.9412379
V7 GbnR 44 Poor 115 1.1102691 0.8734871 0.5367811
#aY_at ZNF220 81 Good 1.77 1.1493084 10703588 0.8762291
BRU_at FKBP1A 23 Poor 131 11177368 (L9303333 1.6
Jué_at STALS 84 Good 17  LIiB392  LOOIOGSd 17910333
AFEX- BACTINM_ 60 Poor 1.02 10607328 (.8230627 0.3292476
H3ACUY Hs_

NoO3st_M_a AFFX

[0125] Leave-one-out cross validation using the 158-gene
classifier for predicting good versus poor prognosis gene
signature vielded 100% overall accuracy for class assign-
ment. However, three of the patients in the poor prognosis
cluster actually possessed substantially longer survival
times. and two of the patients whose PBMC profiles segre-
gated with the goad prognosis cluster actually possessed
shorter survival times. To estimate the accuracy. sensitivity
and specificity of this gene classifier with respect to true
clinical outcome, a peor outcome was arbitrarily defined as
<365 days survival and a good outcome was defined as >365
days. We 1ook 110 account the incorrect assignment of the
outlier protiles in the clusters and defined the objeciive of the
clinical assay as the identification of patients with short (less
than 1 year) survival times. Using these criteria the perfor-
mance of the 158-gene classifier (by leave-one-out cross
validation) demonstrated 79% overall accuracy. correctly
identifying 9 of 11 patients with short survival times (less
than | vear. 82% sensiivity) and 10 of 13 patients with long
term survival times (greater than 1 year, 77% specificity).
Sec FIG. 5B. In FIG. 5B, the confidence scores were
calculated for each sample in the analysis. For the purposes
of illustration, prediction strengths accompanying calls of
“stirvival>] vear” were assigned positive values. and pre-
diction strengths accompanying calls of “survival<] year”
were assigned negative values. Asterisks identifv the false
positives in this clinical assay designed to idemtify shon
survival times. and arrowheads indicate false negatives.

[0126] As appreciated by one of ordinary skill in the art,
prognosis genes {or other solid mumors can be simlarly
identified according to the present invention. These genes
are difterentially expressed in peripheral bloed cells of solid
tumor patients having different clinical cutcomes.

HI. Prognosis and Selection of Treatment of RCC and Other
Solid Tumors

[0127] The prognosis genes of the present invention can
be used as surrogate markers tor the prognosis of solid
tumors. The prognosis genes of the present invention can
also be used 10 select optimal treatments of sohd tumors. Far

instance. clinical outcotnes of different treatments for a solid
timor can be analyzed by using peripheral blood expression
profiling. Treatments with favorable prognoses are selected
for patients of interesl.

[0128] Any solid tumor. treatment, or clinical outcome can
be assessed by the present invention. As described above.
clinical outcome can be measured by TTP (e.2., less than or
greater than a specified period), TTD (e.g.. less than or
greater than a specilied period). progressive disease, non-
progressive disease. stable disease. complete response. par-
tial response, minor response. or a combination (hereof.
Clinical outcome can also be prognosticated based on clini-
cal classifications under traditional risk assessment methods
(such as Motzer risk assessment for RCC, as described in
Motzer. et al.. supra). In addition. non-responsiveness to a
therapeutic treatment is also considered a measurable out-
conie.

[0129] To predict chinical outcome of o patient of interest.
the peripheral blood expression profile of one or more
prognosis genes in the patient of interest is compared 1o at
least one reference expression profile. Any number of proy-
nosis genes can be used. In many embodiments. the PBMC
expression profiles of the prognosis genes are comrelaled
with patienl outcome under a class-based correlation metric
(such as nearest-neighbor analysis} or a statistical method
(such as Spearman’s rank correlation or Cox proportional
liazard regression model). In one example, the prognosis
genes are differentially expressed in PBMCs of one class of
patients as compared 1o another class of patients. Both
classes of patients have a solid tumor, and each class of
patients has a diflerent clinical outcome. [n another example.
the PBMC expression level of each prognosis gene is
substantially higher or substantially lower in PBMCs of one
class of patients than that in another class of patients. 1n sitl
another example, the prognosis genes are substantially cor-
related with a class distinction between two classes of
patients. where the two classes of patients have the same
disease as the patient of interest. and each class of patients
has a different clinical outcome. In many cases. the prog-
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nosis genes are correlated with the class distinction at above
the 50%, 25%. 10%. 5%. or 1% significance level under
random permutation tests. :

[0130] One or more reference expression profiles can be
used. The refercnce expression profile(s) can be determined
concurrently with the expression profile of the patient of
interest, ‘the reference expression profile(s) cun also be
predetermined or prerecorded in an electronic or anather
storage medium. In one embodiment. the reference expres-
sion profile(s) is an average expression profile of the prog-
nosts genes in peripheral blood samples of reference
patients. Any averaging algorithm can be used 1o prepare the
reterence expression profile(s). o many cases, the reference
patients have the same solid tumor as the patient of interest,
and the clmical oumcome of the reference patients is either
known or determinable. In another embodiment. the refer-
ence patients can be divided into at teast two classes. each
class having a different respective clinical outicome. The
peripheral blood expression profile of the prognosis genes in
cach class of the reference patients constitutes a separate
reference profile

[0131] The expression profile of the patient of interest and
the reference expression profile(s) can be in any form. In one
embodiment. the expression profiles comprise the expres-
sion level of cach prognosis gene used in the comparison.
The expression levels can have absolute, normalized. or
relative values. Suitable normalization procedures mclude,
but are not limited to. those used in nucleic acid array gene
expression analyses or those descnbed in Hill, et al.
GENOME BIOL. 2: research0055.1-0055.13 (2001). In one
example, the expression levels are normalized such that the
mean 1s #zero and the standard deviation is one. [n another
example. the expression levels are normahized based on
nternal or external controls, as appreciated by those skilled
in1he art. In still another example, the expression levels are
normalized against one or more control (ranscripts with
known abundances in blood samples. In many cases. the
expression profile of the patient of interest and the reference
expression profile(s) are constructed using the same or
comparable methodology.

[0132] In another embodiment, the expression profiles
comprise one or more ratios between the expression levels
of difierent prognosis genes. The expression profiles can
also include vther measures that are capable of representing
gene expression patterns.

(0133} The peripheral blood samples used in the present
mvention can be either whole blood samples, or samples
comprising enriched PBMCS. In one example. the periph-
cral blood samples from the reference patients comprise
enriched or purified PBMCS. and the peripheral blood
smnple from the patient of interest is a whole blood sample.
In another example. all of the peripheral blood samples
employed in the analysis comprise enriched or purified
PBMCS. In many cases, the peripheral blood samples are
prepared from the patient of interest and the reference
patients by using the same or comparable procedures.

[0134]  Other types of blood samples can also be employed
in the present invention, provided that a statistically signifi-
cant correlation exists between patient outcome and the gene
expression profile in these blood samples.

{0135] The peripheral blood samples used in the present
invention can be isolated from respective patients at any
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disease or treatment stage, provided that the correlation
between the gene expression patterns i these peripheral
bloed samples and clinical outcome is statistically signifi-
cant. In one embodiment, clinical outcome is measured by
patients” response to a therapeutic treatment. and all of the
blood samples used in the analysis are isolated prior 1o the
therapeutic treatment. The expression profiles derived from
these blood samples are baseline expression profiles for the
therapeutic treatment.

[0136] Construction of the expression profiles typically
involves detection of the expression level of each pragnosis
gene used in the comparison. Numerous methads are avail-
able for this purposc. For instance, the expression level of o
gene can be determined by measuring the level of the RNA
transcript(s) of the gene. Suitable methods include. b are
not limited to, quantitative RT-PCT. Northern Blot, 1 situ
hybridization. slot-blowting. nuclense protection assay. and
nucleic acid array (including bead array). The expression
level of a gene can also be determined by measuring the
level of the polvpeptide(s) enceded by ihe gene. Suitable
methods include, but are not limited to, immunoassavs (such
as ELISA. RIA. FACS. or Western Blot). 2-chmensional gel
electrophoresis, mass spectrometry, or protein arrays.

[0137] In one aspect. the expression level of a prognosis

gene is determined by measuring the RNA transcript level of

the gene in a peripheral blood sample RNA can be isolated
from the periphetal blood sample using a variety of methods.
Exemplary methods include guanidine isothiocyanate/acidic
phenel method. the TRIZOL® Reagent (Invitrogen). or the
Micro-FastTrack™ 2.0 or FastTrack™ 2.0 mRNA solation
Kits (Invitrogen). The isoluted RNA can be either tota] RNA
or mRNA. The isolated RNA can be amplified (0 eDNA or
cRNA before subsequent detection or quantitation. The
amplification can be either specific or non-specific. Suitable
amplification metheds include. but are not limited to, reverse
transcriptase PCR (RT-PCR), isothermal amplification.
ligase chain reaction, and Qbeta replicase.

[0138] In one embodiment. the amplification protocol
employs reverse transcriptase. The isolated mRNA can be
reverse transcribed into cDNA using a reverse iranscripiase.
and a primer consisting of oligo d{T) and a sequence
encoding the phage T7 promoter. The cDNA thus produced
is single-stranded. The second strand of the cDNA is syn-
thesized using a DNA polymerase. combined with an RNase
to break up the DNA/RNA lybrid, Alier synthesis of the
double-stranded cDNA. T7 RNA polymerase is added. and
cRNA is then transcribed from the second strand of 1he
doubled-stranded cDNA. The amphified cDNA or cRNA can
be detected or quantitated by hybridization 10 labeled
probes. The cDNA or cRNA cun also be labeled during the
amplification process and then detected or quantitated.

[0139] Inanother embodiment, quantitative RT-PCR (such
as TagMan. ABI) is vsed for detecting or comparing the
RNA transcript level of a prognosis gene of interest. Quan-
titative R1-PCR involves reverse transcription (RT} of RNA
to cDNA followed by relative quantitauve PCR (RT-PCR).

[0140] In PCR. the number of molecules of the amplitied
target DNA increases by a factor approaching two with
every cycle of the reaction until some reagent becomes
limiting. Thereafter, the rate of amplification becomes
increasingly diminished until there is not an increase in the
amplified target between cycles. I a graph is plotted on

9
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which the cycle mumber 1s on the X axis and the log of the
conceniration of the amplified target DNA is on the Y axis.
a curved line of characteristic shape can be formed by
connecting the plotted points. Beginning with the first cycle,
the slope of the line is positive and constant. This is said to
be the linear portion of the curve. After some reagent
becomes limiting. the slope of the line begins to decrease
and eventually becomes zero. At this point the concentration
of the amplified target DNA becomes asympiotic o some
fixed value. This is said to be the pluteau portion of the
curve,

[0141] The concentration of the target DNA in the linear
portion of the PCR is proportional to the starting concen-
iration of the target before the PCR is begun By determining
the concentration of the PCR products of the 1arget DNA in
PCR reacuons that have completed the same number of
cveles and are m their linear ranges. it is possible 10
determine the relative concentrations of the specific 1arget
sequence m the original DNA mixture. If the DNA mixtures
are cDNAs synthesized from RNAs isolated from different
tissues or cells. the relaive abundances of the specific
mRNA from which the target sequence was derived may be
determined for the respective tissues or cells. This direct
proportionality between the concentration of the PCR prod-
ucts and the relative mRNA abundances is true in the lnear
range portion of the PCR reaction.

{0142] The final concentration of the target DNA in the
plateau portion of the curve is determined by the availability
ol reagents w the reaction mix and is independent of the
original concemration of target DNA. Therefore. in one
embodiment. the sampling and quantifying of the amplified
PCR products are carried out when the PCR reactions are in
the linear portion of their curves. In addition. relative
concentrations of the amplifiable cDNAs can be normalized
to sonte independent standard, which may be based on either
internally existing RNA species or externally introduced
RNA species. The abundance of a particular mRNA species
may aiso be determined relative to the average abundance of
all mRNA species in the sample.

[0143]  Inonc embodiment. the PCR amplification utilizes
nternal PCR standards that are approximately as abundant
as the target. This strategy is eflective if the products of the
PCR amplifications are sampled during their lnear phases.
tfihe products are sampled when the reactions are approach-
my the platcau phase. then the less abundant product may
hecome relanvely over-represented. Comparisons of relative
abundances made for many different RNA samiples. such as
15 the case when examining RNA samples for difierential
expression. may become distorted in such a way as 10 make
differences in refative abundances of RNAs appear less than
they actually are. This can be improved if the internal
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standard is much more abundant than the iarget. IT the
internal standard is more abundam than the rarget. then
direct linear comparisons mav be made between RNA
samples.

[0144] A problem inherent in clinical samples is that they
are of variable quantity or quality. This problem can be
overcome if the RT-PCR is performed as a refative quani-
tative RT-PCR with an internal standard in which the inter-
nal standard is an amplifiable cDNA frogment that is larger
than the tanget cDNA fragment and in which the abundance
of the mRNA encoding the internal standard is roughly
5-100 fold higher than the mRNA encoding the target. This
assav measures relalive abundance. not absolute abundance
of the respective mRNA species.

[0145] In another embodiment. the relative quantitative
RT-PCR uses an external standard protocol. Under this
protocol. the PCR products are sampled i the linear portion
of their amplitication curves. The number of PCR cycles that
are optimal for sampling can be empincally determined for
each target ¢cDNA fragment. In addition. the reverse tran-
scriptase products of each RNA population isolated from the
various samples can be nonnalized for equal concentrations
of amplifiable cDNAs. While empirical determination of the
linear range of the amplification curve and nommalization of
c¢DNA preparations are tedious and time-consuming pro-
cesses. the resulting RT-PCR assays may. in certain cases. be
superior to those derived from a relative quantitative RT-
PCR with an intemal standard.

[0146] In yet another embodimens, mcicic acid armys
(including bead arrays) are used for deteciing or comparing
the expression profiles of a prognosis gene of interest. The
nucleic acid arrays can be commercial oligonucleotide or
¢DNA arrays. They can also be custom arrays comprising
concentrated probes for the prognosis genes of the present
invention. in many examples. at least 15%, 20%. 25%. 30%.
35%. 40%. 45%. 50%. or more of the total probes on a
custom array of the present invention are probes for solid
tumor prognosis genes. These probes can hybridize under
stringent or nucleic acid array hybndization conditions to
the RNA transcripts, or the complements thereof. of the
corresponding prognosis genes.

[0147] As used herein. “stringent conditions™ are at least
as stringent as, for example. conditions G-L shown in Table
17. “Highly stringent conditions™ arc at least as stringent as
conditions A-F shown in Table 17. As used in Table 1.
hvbridization is carried out under the hybridization condi-
tions (Hybridization Temperature and Bulfer) for about four
hours, followed by twe 20-minute washes under the corre-
sponding wash conditions (Wash Temp. and Builer).

TABLE 17

Stringency Conditions

Poly-
Stringency nucleoude  Hybnd Hybndization Wash Temp.
Condiion  Hvbrid Length (bpt' Temperamre and Buffer and Bufter®
A DNADNA - 550 657 C.: 1 x 88C -or- 657 C.i 0.3 x 88C
42% C.: 1 x 85C. 3% formanude
B DNA-DNA - <50 Ta™ 1 x $5C Ta®: 1 x SSC
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TABLE 17-continued
Stringency Conditions
Poly-

Stringeney  nucleatide  Hybrid Hsbridization Wash Temp.

Condition  Hybad Length (bp)'  Temperature and Buffer! and Buffcrﬂ

C DNARNAY 250 67° C.: 1 x S8C -or- 67° C.; 0.3 x S8C
437 C.: 1 x SSC. 30% formamide

D DNARNA - <0 Tp*: 1 x SSC Tp*: 1 x 85C

| RNARNA  »30 7°C. 1 x S8C -or- 0T C. 0.3 x 83C
307 C. 1 x $8C. 30% formamide

F RNARNSY <50 Te*. 1 x §8C Te*: 1 x 88C

G DNADNA 550 65° C.. 4 x 35C -or 63° C: L x 85C
42¢ C 1 4 x §8C. 3% fomamide

H DNADNA <50 Tyu*: 4 x SSC Ty 4 x 85C

I DNARNA 550 67° C.; 4 x S8C -or- 67° C: 1 x 88C
45° C.i 4 x S8C. 500% formamide

1 DNARNA <50 Ty*: 4 x SSC T;*: 4 x §8C

K RNARNA - 50 709 C.o 4 x S8C -or 67* C; 1 x 88C
0% Cod x SHC. 3% fomamide

L RNARNA <50 Ty 2% S8C T.®: 2 x §5C

he liybrict fengih 1s that anticipated for the hybridized region(s) of the hybridizing polynucle-
otides, When hybridizing a polvnucleotide to a target polynuclectide of unknown sequence. the
hvbinid length is assumed t© be that of the bvbridizing polynucleotide. When polynucleatides of
known sequence wre hybridized. the hybrid length can be determined by aligming the sequences of

the polyaucleoudes and identifying the region or regions of opumal sequence complementarity.
HSSPE (1 x SSPE 4s D15 M NaClL 10 mM NaH,;PO,. and §.25 mM EDTA. pH 7.4) can be subst-

mied for SSC (] x SSC is 0.15 M NaCl and 15 mM sodiun curate) 1n the hvbridization and wash
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buiters.

Tyy™-Tx*The hybrdization temperature for hybrids anticipated 10 be less than 50 base pairs in

tength should be 5-10° C, dess than the melung temperature (T, ) of the hybrid. where T,,, is deter-
mined awcording 1o the following equations, For hybnds less than 18 base pairs in length. T,,{* C.)
=2(% of A + T bases) + 4(# of G + C bases). For hybrids between 18 and 4% hase purs in length,

T

O =813 4 1o Gilog, ANat T + 0.31(% G + C) - (600'NY. where N is the number of bases

m the hvbnd and {Na*] 15 the molar coneentration of sodium ions in the hybridization bufler

({Na*] for 1 x SSC = 1165 M).

[0148] In one example, a nucleic acid array of the present
invention includes at feast 2, 5. 10. [5. 20, 25. 30. 35. 40, 45,
50. 60. 70. 80. 90, 100, 150. 200. 250, or more different
probes. Fach of these probes is capable of hybridizing under
stringent ur nucleic acid array hybridization conditions to a
difterent respective prognosis gene of the present invention.
Multiple probes for the same prognosis gene can be used on
the same nucleic acid array. The probe density on the array
can be in any range. For instance. the density can be ai least
{or no more than) 5. 10, 25, 50, 100, 200, 300, 400, or 500,
1,000, 2.000, 3,000, 4,000. 5.000, or more probes/cm?.

[0149] The probes can be DNA. RNA, PNA. or a modified
form thereof. The nucleotide residues in eoch probe can be
cither naturally ocecurring residues (such as deoxyadenviate,
deoxyevtidvlate. deoxyguanylaie, deoxvthymidylate, ade-
nylate. cvtidylate, guanylate, and uridylate). or synthetically
praduced analogs that are capable of forming desired base-
pair relationships. Examples of these analogs include. but
are not limited 1o, aza and deaza pyrimidine analogs. aza and
deaza purine analogs. and other heterocyclic base analogs.
wherein one or more of the carbon and nitrogen atoms of the
purine and pyrimidine rings are substituted by heteroatoms.
such as oxvgen. suttur, selenium. and phosphorus. Similarly.
the polynuclemide backbones of the probes can be either
aaturally occurring (such as through 5' to 3 Jinkage). or
modified. For instance. the nucleotide units can be con-
nected via non-typical hinkage. such as 5' to 2' linkage. so
long as the linkage does not intertere with hybridization. For
another wistance. peptide nucleic acids, in which the con-

stitute bases are joined by peptide bonds rather than phos-
phodiester linkages. can be used.

[0150] The probes for the prognosis penes can be stably
attached to discrete regions on the nucleic acid array. By
“stably attached.” it means that a probe muintains its posi-
tiou relative to the attached discrete region during hybrid-
ization and signal detection. The position of cach discrete
region on the nucleic acid array can be either known or
determinable. Al! of the methods known in the ant can be
used to make the nucleic acid arrays of the present invention.

[0151] Inanother embodiment. nuclease protection assays
are used to quantitate RNA transcnpt levels in peripheral

blood samples. There are many different versions of
nuclease protection assays. The common characteristic of

these nuclease protection assays 1s that they mvolve hybrid-
izaiion of an antisense nuclete acid with the RNA w be
quantified. The resulung hybrid double-stranded molecule is
then digested with a nuclease that digests single-stranded
nucleic acids more efficiently than double-siranded mol-
ecules. The amoumt of antisense nucleic acid that survives
digestion is a measure of the amoumt of the target RNA
species to be quantified. Examples of suitable nuclease
protection assays include the RNase protection assay pro-
vided by Ambion. Inc. (Austin, Tex.).

[0152] Hybridization probes or amplification pnmers for
the prognosis genes of the present invention can be prepared
by using any method known in the ant. For prognosis genes
whose genomic locations have not been determined or
whaose identities are solely based on EST or mRNA data. the
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probes/primers for these genes can be derived from the
corresponding SEQ 1D NOs, Entrez accession numbers, or
EST or mRNA sequences.

[0153] [n one embodiment, the probes/primers for each
prognosis gene significantdy diverge from the sequences of
other proguosis genes. This can be achieved by checking
potential probe/primer scquences against a human genome
sequence database, such as the Entrez database at the NCBIL
One algonthm suable for this purpose is the BLAST
algorithm  This algorithm invoives first identifving high
scoring sequence pairs (HSPs) by identifying short words of
length W m the query sequence. which either match or
satisIv some positive-valued threshold score T when aligned
with o word of the same length in a database sequence. T is
referred to as the neighborhood word score threshold, The
initial neighboriwod word hits act as sceds for initiating
searches to find longer HSPs containing them. The word hits
are then extended in both directions along cach sequence 1o
increase the cumulative alignment score. Cumnlative scores
are calculated using. for nucleotide sequences. the param-
cters M (reward score for a pair of matching residues:
always >0) and N (penalty score for mismatching residues:
always <0). The BLAST algorithm parameters W, F, and X
determine the sensitivity and speed of the alignment. These
parameters can be adjusted for different purposes. as appre-
ciated by those skilled in the ant.

[0154] In onother aspect, the expression levels of the
prognosis genes of the present invention are determined by
measuring the levels of polypeptides encoded by the prog-
nosis genes. Methods suitable for this purpose include, but
are not limited o, immunoassays such as ELISA, RIA,
FACS. dat blot. Western Blot. immunohistochemistry, and
antibody-based radioimaging. In addition. high-throughput
praicin sequencing. 2-dimensioual SDS-polyacrylamide gel
electrophoresis. mass spectrometry, or protein arrays can be
used.

[0155]  In one embodiment, ELISAs are used for detecting
the levels of the target proteins. In an exemplifying ELISA.
antibodies capable of binding to the targel proteins are
immobilized umo selected surfaces exhibiting protein affin-
ity. suclt as wells i a polystvrene or polyvinylchloride
uricrotiter plate. Samples to be tested are then added 1o the
wells, After binding and washing 1o remove non-specifically
bound immunoconiplexes. the bound antigen(s) can be
detected. Detection can be achieved by the addition of a
second anttbody which is specific for the target proteins and
is linked 1o a detectable label. Detection can also be
achieved by the addition of a second antibedy. followed by
the addition of a third antibody that has binding affinity for
the secand antibody. with the third antibody being linked to
a detectable label. Before being added to the microtiter plate.
cells i the samples can be lysed or extracted 10 separate the
target protems from potentially interfering substances.

[0156] In another exemplifying ELISA. the samples sus-
pected of containing the target proteins are immohilized
onto the welt surface and then contacted with the antibodies.
Alter binding and washing to remove non-specificaily bound
immunocomplexes. the bound antigen is detected. Where
the anitial antibodies are linked 10 a deicctable label. the
immunocomplexes can be detected directly. The immuno-
complexes can also be detected using a second antibody that
has binding aflinity for the firsi amibody. with the second
antibody being linked to a detectable label.
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[0157] Another exempliry ELISA involves the use of
antibody competition in the detection. In this ELISA. the
target proteins are immobilized on the well surface. The
labeled antihodies are added to the well, allowed 1o bind 10
the target proteins, and detected by means of their iabels.
The amount of the target proteins in an unknown sample is
then determined by mixing the sample with the labeled
antibodies before or during incubation with coated wells.
The presence of the target proteins in the unknown sample
acts 1o reduce the amount of antibody available for binding
10 the well and thus reduces the ultimate signal.

[0158] Diflerent ELISA formats can have certain features
in conumon. such as coating, incubating or binding, washing
to remove non-specifically bound species, and detecting the
bound immunocomplexes For instance, in ceating a plate
with cither antigen or antibody. the wells of the plate can be
incubated with a solution of the antigen or antibody. either
overight or for a specified penod of hours, The wells of the
platc are then washed 1 remove incompletely adsorbed
material. Any remaining available surfaces of the wells are
then “coated” with a nenspecific protein that is antigenically
neutral with regard to the test samples. Examples of these
nonspecific proteins include bovine serum albunuin {BSA).
casein and solutions of milk powder. The coating allows for
blocking of nonspecific adsorption sites on the immabilizing
surface and thus reduces the background cavsed by nonspe-
cific binding of amisera onto the surface.

[0159] InELISAs. a secondary or tertiary detection means
can be used. After binding of a protein or amibody 10 the
well, coating with a non-reactive material to reduce back-
ground. and washing to remove unbound material, the
immobilizing surface is contacted with the control or clinical
or biotogical sample to be tested under conditions etlective
to allow immunocomplex (antigen/antibody) formation.
These conditions may include, for example. dilning the
antigens and antibodies with solutions such as BSA. bovine
gamma globulin (BGG) and phosphate buffered saline
(PBS)Tween and incubating the antibodies and antigens at
room temperature for about 1 to 4 hours or at 4° C.
avernight. Detection of the inununocomplex is factlitated by
using a labeled secondary binding ligand or anubody. or a
secondary binding ligand or antibedy in conjunction with a
labeled tertiary antibody or third binding hgand.

[0160] Following all incubation steps in an ELISA. 1he
contacted surface can be washed so as (o remove non-
complexed material. For instance, the surface may be
washed with a solution such as PBS/Tween. or borate bufter,
Following the formation of specific immunocomplexes
between the test sample and the originally bound material.
and subsequent washing. the occurrence of the amount of
immunocomplexes can be determined,

[0161] To provide a detecting means. the second or third
antibody can have an associated label to allow detection. In
one embodiment, the label is an enzyme that generates color
development upon incubating with an appropriate chro-
mogenic substrate. Thus. for example. one may contact and
incubate the first or second immunocomplex with a urease.
glucose oxidase. alkaline phosphatase or hydrogen peroxi-
dase-conjugated antibody for a period of time ond wnder
conditions that favor the development ol further immuno-
complex formation (e.g. incubation for 2 hours at room
temperature in a PBS-conlaining solution such as PBS-
Tween).
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(0162} After incubation with the labeled antibody, and
subsequert washing to remove unbound material. the
amount of label can be quaniified, e.g.. by incubation with
a chromogenic substrate such as urea and bromocresol
purple or 2.2"-azido-di-(3-ethyl)-benzthiazoline-6-sulfonic
acid (ABTS) and H,O.. in the case of peroxidase as the
enzyme label. Quantitation can be achieved by measuring
the degree of color generation. e.g.. using a spectrophotom-
cler.

[0163] Another method suitable for detecting polypeptide
levels is RIA (radioimmunoassay). An exemplary RIA is
based on the competition between radiolabeled-polypeptides
and uilabeled polypepiides for binding 1o a limited quantity
of antibodies. Suitable radiolabels include. but are not
hinited 10. 372, In one embodiment. a fixed concentration of
1"*.labeled polypeptide is incubated with a series of dil-
tion of an antibody specific te the polypeptide. When the
unlabeled polypeptide is added to the system, the amount of
the 1'**-polypeptide that binds to the antibody is decreased.
A standard curve can therefore be constructed 1o represent
the amount of antibody-bound I'**-polypeptide as a function
of the concentration of the unlabeled polypeptide. From this
standard curve, the concentration of the polypepiide in
unknown samples can be determined. Protocols for conduct-
ing RIA are well known in the art.

[0164] Suitable amibodies for the present invention
include. but are not limited to. polyclonal antibodies, mono-
clonal antibodies. chimeric antibodies. humanized antibod-
tes. single chain antibodies. Fab fragments. or fragments
produced by a Fab expression library. Neutralizing antibod-
ics (i.c.. those which inhibit dimer formation) can also be
used. Meihods for preparing these antibodies are well
known in the art. In one embodiment, the antibodies of the
present invention can bind to the corresponding prognosis
gene products or other desired antigens with binding aftini-
ties of at least 107 M~ 10° M7 10° M. 107 M~ or more.

[0165] The amtibodies of the present invention can be
labeled with one or more detectable moieties to allow for
detection of amtibody-antigen complexes. The detectable
moieties can melude compositions detectable by spectro-
scopic. enzymatic. photochemical. biochemical, bioelec-
trogic, immunochemical. electrical. optical or chemical
means. The detectable moieties include. but are not limited
to. radioisotopes, chemiluminescent compounds, labeled
bindmng proteins. heavy metal atoms. spectroscopic markers
such as fluorescent markers and dves. magoetic labels,
hinked enzymes. mass spectrometry 1ags. spin labels. clee-
tron transfer donors and aceeptors. and the like

[0166] The antibodies of the present invention can be vsed
as probes to construct protein arrays for the detection of
expression profiles of the prognosis genes. Methods for
making protein arrays or biochips are well known in the art.
In many embodiments. a substantial portion of probes on a
protein array of the present invention are antibodies specific
for the prognosis gene products. For instance, at least 10%,
20%. 30%. 30%. 50%. or more probes on the protein array
can be antibodies specific for the prognosis gene products.

[0167] In vet another aspect. the expression levels of the
prognosis genes of are determined by measuring the bio-
logical functions or activities of these genes. Where a
bialogical function or activity of a gene is known. suitable
10 VIR0 or i vivo assays can be developed to evaluate the
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function or activity. These assays can be subsequently used
to assess the level of expression of the prognosis genc.

[0168] With the expression level of each prognosis gene
determined. numerous approaches can be employed to com-
pare expression profiles. Comparison between the expres-
sion profile of a patient of interest and the reference expres-
sion profile(s) can be conducted manually or electronically.
In one example, comparison is carried out by comparing
each component in one expression o the corresponding
component in another expression profile. The component
can be the expression level of a prognosis gene, a ratio
between the expression levels of two prognuosis genes, or
another measure capable of representing gene expression
patterns. The expression level of a gene can have an absolnte
or a normalized or relative value, The difference between
two corresponding components can be assessed by fold
changes. absolute differences. or other smtable means.

[0169] Comparison between expression profiles can also
be conducted using pattern recognition or comparison pro-
grams. such as the k-ncarest-neighbors algorithm as
described in Armstrong, et al.. supra, or (he weighted voting
algorithm as described below. In addition. the serial analysis
of gene expression (SAGE) technology. the GEMTOOLS
gene expression analysis program (Incyte Pharmaceuticals),
the GeneCalling and Quantitative Expression Analysis tech-
nology (Curagen). and other suitable methods. programs or
systems can be used to compare expression profiles.

[0170] Multiple prognosis genes can be used in the com-
parison of expression profiles. For nstance. 2.4, 6.8.10. 12,
14, 16, 18, 20, 30, 40. 30. or more prognosis genes can be
used. In addition, the prognosis gene(s) used in the com-
parison can be selected to have relatively small p-values
(e.g.. two-sided p-values). In one examplie. the p-values
indicate the statistical significance of the difference between
gene expression levels in differemt classes of patients. In
another example. the p-values suggest the statistical signifi-
cance of the correlation between gene expression patterns
ard clinical outcome. In one embodiment. the prognosis
genes used in the comparison have p-values of no greater
than 0.05. 0.01. 0.001, 0.0003. 0.0001. or less Prognosis
genes with p-values of greater than 0.05 can also be used.
These genes may be identified. for instance, by using a
relatively small number of blood samples.

[0171] Similarity or differcnce between the expression
profile of a patient of interest and the reference expression
profile(s) is indicative of the class membership of the patient
of mterest. Similarity or diflerence can be determuned by any
suitable means.

[0172] In one example. a component in a reference profile
is a mean value, and the corresponding component in the
expression profile of the patient of interest falls within the
standard deviation of the mean value. In such a case. the
expression profile of the patient of interest may be consid-
ered similar to the reference profile with respect to that
particular component. Other enteria. such as a multiple or
fraction of the standard deviation or a certain degree of
percentage increase or decrease, cun be used to measure
similarity.

[0173] Inanother example, at least 50% (¢ g.. at least 60%.
70%. 80%. 90%, or more) of the components in the expres-
sion profile of the patient of interest are considered similar

L\
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o the corresponding components in a reference profile.
Under these circumstances. the expression profile of the
patient of interest may be considered similar to the reference
profile. Diflerent components in the expression profile may
have different weights for the comparison. In some cases,
lower percentage thresholds (c.g.. less than 50% of the total
components) are used to determine similarity.

[0174] The prognosis gene(s) and the similarity criteria
can be selected such that the accuricy of ouicome prediction
(the ratwo of correct calls over the total of correct and
incorrect calls) is relatively high. For instance, the accuracy
of prediction can be at least 50%. 60%, 70%. 80%, 90%. or
more. Prognosis genes with prediction accuracy of less than
50% can also be used. provided that the prediction is
statistically significant.

[0175] The effectiveness of outcome prediction can also
be assessed by sensitvity and specificity. The prognosis
genes and the comparison criteria can be selected such that
botlt the sensitivity and specificity of ouicome prediction are
relativety high. For instance. the sensitivity and specificity
can be at least 50%, 60%, 70%. 80%. 90%, 95%. or more.
Prognosis genes having lower sensitivity or specificity can
be used as long as the prediction 1s statistically significant.

[0176] Morcover. gene expression-based outcome predic-
tion can be combined with other clinical evidence or prog-
nostic methods to improve the effectiveness or accuracy of
outcome prediction.

[0177] In one embodiment. the expression profile of a
patient of imterest is compared 10 at least two reference
eapression profiles, The first reference expression profile
can be prepared from peripheral blood samples of patients in
a first outcome class. and the second reference expression
profile is prepared from peripheral blood samples of patients
in a sccond outcome class. The fact that the expression
profile of the patient of interest is more similar to the first
reference profile than to the second reference profile sug-
gests that the patient of interest is more likely to belong 10
the first autcome class. as opposed to the second outcome
class.

[0178] Comparison between the expression profile of a
patient of interest and two or more reference expression
profiles can be performed by any svitable means. In one
embodiment.  the  k-nearest-neighbors  algorithm.  as
described in Amistrong. et al.. supra. is used. The k-nearest-
neighbors algorithm can effectively assign a patient to a
clinical class. By “eflectively.” it means that the assignmemnt
is statistically significant. For instance. the sensitivity and
specificity of the assignment can be at least 50%, 60%, 70%,
80%. 90%. 95%. or more. In one example, the effectiveness
of assignment is evajuated based on leave-one-ont cross
validation. The accuracy {or leave-one-out cross validation
can be, for nstance. at least 50%. 60%. 70%. 80%, 90%,
95%. or more. Prognosis genes or class predictors with low
assignment sensitivity/specificity or leave-one-out cross
validation accuracy. such as less than 50%, can also be used
in the present invention.

(01791 In another embodiment. a weighted voting algo-
rithm is used In this method. the expression level of each
gene in the classifier set contributes 1o an overall vote on the
classification of the sample. See Slonim. et al.. supra. The
prediction strength is a combined varable that indicates the
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support for one class or 1he other, and can vary between 0
(narrow margin of victory) and 1 (wide margin of victory)
in favor of the predicted class. See Golub, et al.. supra. and
Slonim. et al., supra. Software programs suitable for the
weight voting analysis include. but are not limited 1o,
GeneCluster 2 software. GeneCluster 2 software is available
from MIT Center for Genome Research at Whitehead lnsti-
mte  {eg.  www-genome winit.edu/cancer/soitware/
genecluster2/ge2 biml).

[0180] Under onc form of the weighted voting algorithm.
a set of prognosis genes are selected to create a class
predictor (classifier). Each gene in the class predictor casts
a weighied vote for one of the two classes {class 0 and class
1). The vole of gene “g” can be defined as v =a,(x,~b,).
wherein a, equals 1o P(g.c) and reflects the correlation
between the expression level of gene “g” and the class
distinction between the two classes. b, is calculated as
by=[x0(z2)+x1(2)}2 and represents the average of the mean
logs of the expression levels of gene g™ in class 0 and class
1. and x, is the normalized log of the expression Jevel of
gene “g” in the sample of interest. A positive v, indicates a
vote for class 0, and a negative v_ indicates a vote for class
. V0 denotes the sum of atl positive votes. and V1 denotes
the absolute value of the sum of all negative votes. A

prediction strength PS is defined as PS=(V0O-V1)/(V0+V1).

f0181] Cross-validmion can be vsed 1o evaluate the aceu-
racy of the class predictor created under the k-nearest-
neighbors or weighted voting algonithm. Briefly. one sample
which has been used to identify the prognosis genes under
the neighborhood analysis is withheld. A class predictor is
then created based on the remaining samples and used to
predict the class of the sample withheld. This process can be
repeated for each sample that has been used in the neigh-
borhood analvsis. Different class predictors can be evaluated
vsing the cross-validation process. and the best class pre-
dictor with the most accurate predication can be identifed.

[0182] Suitable prediction strength (PS) thresholds can be
assessed by plotting the cumulative cross-vahdation error
rate against the prediction strength. In one embodiment. a
positive predication is made if the absolute value of PS tor
the sample of nterest 15 no less than 0.3. Other PS thresh-
olds. such as no less than 0.1. 3.2, 0.4 or 0.5, can also be
used. In many embodiments. a threshold is selecied such as
the accuracy of prediction 1s optimized and the incidence of
both false positive and false negative results ts mmimized.

[0183] In one example. the class predictor includes n
prognosis genes identified under the neighborhood analysis.
A half of these prognosis genes has the largest P(g.c) scores.
and the other half has the targest ~P(g.c) scores. The number
n therefore is the only free parameter in defining the class
predictor.

[0184] The prognosis genes or class predictors of the
present invention can be used to assign a solid tumor patient
of interest to an outcome class. In one embodiment, patients
having the solid tumor can be divided into at least two
classes. The first class of patients has a first specified TTD
(e.g.. TTD of less than 150 days from mitiation of a
therapeutic treatment of the solid tumor), and the second
class of patients has a second specified TTD (c.g.. TTD of
more than 550 days lrom initiation of the therapeutic trear-
ment). Genes that are substantially correlated with the class
distinction between these two classes of patients can be
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identified and used to assign the patient of interest to one of’
these two outcome classes. In one example. all of the
expression profiles used in the comparison are baseline
profiles which are prepared from baseline peripheral blood
samples isolated prior to a therapeutic treatment. In another
example. the solid tumer to be prognosed is RCC, and the
therapeutic treatment is a CCI-779 therapy. The prognosis
gene(s) used for outcome prediction can be selected from.
for instance. Table 10.

[(185] In ancther embodiment. the first class of patients
has a specilied TTP (e.g.. TTP of no less than 106 days from
initiztion of a therapeutic treatnient). and the second class of
patients has another specified TTP {e.g.. TTP of less than
106 days from inttiation of the therapeutic treatment). The
solid tmnor can be RCC. and the therapeutic treatment can
be o CCI-779 therapy. The prognosis gence(s) can be selected
trom. for mstance. Table 13.

[0186] In ver another embodiment. the first class of
patients inchudes or consists of patients having the lowest
uartile of TTP among a population of patients who have the
same solid tumor and are subject to the same therapeutic
trcatment. The second class of paticnts includes or consists
of patients having the highest quartile of TTP among the
population of patiemts. The solid tuner can be RCC, and the
therapeutic treatment can be a CCI-779 thermpy The prog-
nosis gene(s) can be selected from. for instance, Table 12.

[0187] In stll yet another embodiment. the first class of
pattents includes or consists of patients having the lowest
quartile of TTD among a population of patients who have
the same solid tumor and are subject to the same therapeutic
tremtment. and the second class of patients includes or
consivts of patients having the highest quartile of TTD
ameng the population of patients. The solid tumor can be
RCC. und the therapeutic treatment can be a CCI-779
therapy

[0188] In a further embodiment, the first class of patients
has a prognosis determined by a risk assessment method,
and the second class of patients has another prognosis
determined by the same risk assessment method. In vne
example, both classes of patients have RCC. and the risk
assessient method is based an Motzer risk classification.
Under Motzer risk classification. RCC patients can have
peor. intermediate. or favorable prognoses. In another
exampie. one class of RCC patients has poor prognosis. and
the other class of RCC patients has intermediate prognosis.
The prognosis gene(s) can be selected from. for instance,
Table 11

[0189] In vet another emboduuent, the first class of
patients has progressive disease after a specified time of
treatment. and the second class of patients has non-progres-
sive disease (such as complete response. partial response,
minor response. or stable disease) afier the same specified
time of treatment.

[0190]  [nsull vet another embodiment. patients having the
solid twnor can be clustered into at least two classes based
on their gene expression profiles in PBMCs. Suitable algo-
nihns for this purpose include. but are not limited 1o,
unsupervised clustering analyses. Each of the two classes
can be associated with a different respective clinical out-
come. For instance, the majority of one class of patients can
have a specified TTD (e.g., TTD of less than 365 days).
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while the majority of the other class of patients can have
another specified TTD (e.g.. TTD of no less than 365 days).
Genes that are substantially correlated with the class dis-
tinction between these two classes can be identified. These
genes, or the class predictors derived therefrom, can be used
to predict the class membership of a patient of interest. In
one example. the solid tumor is RCC, and the therapeutic
treatment is a CCI-779 therapy. The prognesis gene(s) can
be selected from. Jor instance. Table 16.

[0191] Prognosis genes or class predictors that are capable
of distinguishing three or more different outcome classes can
also be employed in the present invention. These prognosis
genes can be identified using multi-class correlation metrics.
Suitable programs for carrying out multi-class correlation
analysis include. but are not limited to, GeneCluster 2
software (MIT Center for Genome Research at Whitehead
Institnte. Cambridge. Mass.). Under the analysis. patents
having the solid tumor can be divided into at least three
classes. and each class has a different respective chmceal
outcome. The prognosis genes identified under multi-class
correlation analysis are differentially expressed in PBMCs
of one class of patients relative to PBMCs of other classes
of patients. In one embodiment. the identified prognosis
genes are substantially correlated with a class distinction
between the multiple classes. For instance. the prognosis
genes can be selected from those above the 1%. 5%. 10%.
25%, or 50% significance level under a permutation test.

[0192] In accordance with another aspect of the present
invention. the expression profile of the prognosis gene(s)
used in the comparison is correlated with clinical outcome of
reference patients under a statisiical method. Suitable sta-
tistical methods for this purpose include, but are not limited
to, Spearman’s rank correlation, Cox proportional hazard
regression model, or other rank tests or survival models. The
reference patients have the same solid tumor as the patient
of interest. and the clinical outcome of the reference patients
is either known or determinable.

[0193]) By comparing the expression profile of the prog-
nosis gene(s) in a peripheral blood sample of the patient of
interest to the reference expression profile of the same
prognosis gene(s) in the reference patients. chinical cuteome
of the patient of interest can be predicted. For instance. if the
expression profile of the patient of interest is more sumlar 1o
the expression profile of one particular reference pattent as
compared to other reference patients. clinical outcome of
that particular reference patient can be indicative of clinical
outcome of the patient of interest.

[0194] Any number of prognosis genes can be used for
oulcome prediction based on statistical methods. In one
embodiment. one prognosis gene is used. The reference
patient whose expression profile is most similar to that of the
patient of interest can be identified. A prediction that clinical
autcome of the patient of interest is most analogous to that
aof the reference patient can therefore be made.

[0195] In another embodiment, two or mare prognosis
genes are used. The expression profile of the patient of
interest and the reference expression profile can be com-
pared by a pattern recognition or comparison algorithi. In
one example, the Euclidean distance is used to measure (he
similarity between two different expression profiles.
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f0196]  Any time-associated clinical outcome indicator can
be evaluated based on statistical methods, Examples of
time-associated clinical outcomes include, but are not lim-
ited to. TTP and TTD.

(0197} In one embodiment, outcome prediction is based
on Spearman’s correlation test. The patient of interest and
the reference pauents have RCC and are being treated by a
CCE-779 therapy. In one example. clinical oulcome is mea-
sured by TTP and the prognosis gene(s) is selected from
Tables Ga and 6b. In another example, clinical outcome is
measured by TTD. and the prognosis gene(s) is sclected
from Tables 6¢ and 6d. In yet another example, the relative
risk for TTD or TTP can be qualitatively assessed based on
the peripheral blood expression level of a prognosis gene in
the patient of mterest, in conjunction with the correlation
coeflicient of the prognosis gene.

[0198] In another embodiment, outcome prediction is
based on Cox proportional hazard regression model. The
patient ot interest and the reference patients have RCC and
are being treated by a CCI-779 therapy. In one example,
clinical outcome is measured by TTP. and the prognosis
gene(s) is selected from Tables %a and 9b. In another
cxample. clinical outcome 15 measured by TTD. and the
prognosis yene(s) is selected {rom Tables 9c and 9d. In vet
another exomple, the relative risk for TTD or TTP can be
guahitatively assessed based on the peripheral blood expres-
sion level of a prognosis gene in the patient of interest, in
light of the hazard ratio of the prognosis gene.

(#199] Tu yet another aspect, the present invention pro-
vides elecironic systems useful for the prognosis or selection
of treatment of RCC and other solid tumors. These systems
include input or communication devices for receiving the
expression profile of the patient of interest us well as the
reference expression profile(s). The reference expression
profile(s) can be stored in a databasce or another medium. In
one embodiment. the reference expression profile(s) is
readily retrievable or modifiable The comparison between
expression profiles can be conduced electronically. such as
through a processor or a computer. The processor or com-
puter can cxecute one or more programs to compare the
expression profile of the patient of interest 10 the reference
expression profile(s). The program(s) can be stored in a
memory or downloaded from another source, such as an
mternet server In one example. the program(s) includes a
k-nearest-neighbors or weighted voting algorithm. In
anather example. the electrome system is coupled to a
nucleic acid aray and can receive or process expression data
generated by the nucleic acid array.

[0200] In stil! another aspect. the present invention pro-
vides kits useful for the prognosis or selection of ireatment
of solid tumors. In one embodunent. the kits of the present
invention include probes/primers for defecting expression
patierns of one or more solid wmer proguosis genes. Each
prognasis gene is differentially expressed in PBMCs of
patients who have different clinical outcomes. In many
cases, the probe/primers can hybridize under stringent or
nucleic acid array hybridization conditions to the RNA
transeripts, or the complements thereof. of the correspond-
ing prognosis genes. Hybrdization or amplification agents
can be included in the kits.

[0201] The kits of the present wvention can include any
number of probes/primers. In one example, each kit includes
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atleast 2,3, 4,5, 6,7 8,9, 10. 15. 20. or more different
probes/primers. and each of these ditferent probes/primers
can hybridize under stnngent conditions or nucleic acid
array hybridization conditions to a different respective solid
tumor prognosis gene. The solid tumor 10 be prognosed can
be RCC. and the prognosis genes can be selected from
Tables 6a. 6b. 6¢, 6d, 9a. 9b. 9¢c, 9d. 10. 11,12, 13. 16, 20
and 21.

[0202] In another embodiment, the kits of the present
invention include one or more antibodies capable of binding
to the polypeptides encoded by respective solid tumor
prognosis genes. The antibodies can be. without Jimitation,
polyelonal. monoclonal, single<chain. or humanized, In one
example, the antibodies can bind to the respective polypep-
tide products with atfinities of at least 10° M~'. 10° M~!, 107
M~!, or more. In another example. the kits of the present
invention include at least 2. 3. 4, 5. 10, 15. 20. or more
different antibodies. and cach of these difterent amibodics is
capable of bindiag to a polypeptide encoded by a different
respective RCC prognosis gene. The kits of the present
invention can also include immunoassay reagents. such as
secondary antibodies, controls. or enzyme substrates.

[0203] The probes or antibodies of the present invention
can be either labeled or unlabeled. Labeled antibodies can be
detectable by spectroscopic. photochemical. biochemical.
bioelectronic, immunochemical, electrical. optical. chenii-
cal. or other suitable means. Exemplary labeling moieties for
an antibody include radioisotopes. chemiluminescent com-
pounds. labeled binding proteins, heavy metal atoms, spec-
troscopic markers. such as tluorescent markers and dyes.
magnetic labels, linked enzymes. mass spectrometry tags.
spin labels. electron transfer donors and acceptors. and the
like.

{0204] The probes or antibodies of the present invention
can be enclosed in a vial. a tube. a bottle. a box. or another
holding means. In one example, the probes or antibodies are
stably attached to one or more substrate supports. Nucleic
acid hybridization or immunoassays can be directly carried
out on the substrate suppori(s). Suitable substrate supports
wclude. but are not limited to. glasses. silica. ceramics,
nylons. quariz wafers. pels, metals. papers. beads. tubes.
fibers. films, membranes. column matrixes, or microtiler
plate wells.

IV, Selection of Treatment of RCC and Other Solid Tumors

[0205] The presem invention allows for personalized
treatment of RCC or other solid tumors. Numerous freal-
ment options ar regimes can be analyzed by the present
mnvention. Prognosis genes for each treatment can be deter-
mined. The peripheral blood expression profiles of these
prognosis genes in a patient of interest can be analyzed to
identify treatments that have favorable prognoses for the
palient of interest. As used herein, a “favorable™ prognosis
is a prognosis which is better than the average prognosis lor
all available treatments of the solid wmor.

[0206] Any type of cancer treaiment can be evajuated by
the present invention For justance. RCC can be treated by
drug therapies. Suitable drugs include cytokines. such as
interferon or interleukan 2. and chemotherapy drugs. such as
CCI-779. AN-238, vinblastine, floxuridine, S-fluorouracil.
or tamaoxifen. AN238 is a cytotoxic agent which has 2-pyr-
roliredoxorubicin linked to a somatostatin (SST) carrier
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octapeplide. AN238 can be targeted to SST receptors on the
surface of RCC tumor cells. Chemotherapy drugs can be
used individually or in combination with ather drugs. cytok-
ines, or (therapies. In addition, monoclonal antibodies, anti-
angiogenesis drugs, or anti-growth factor drugs can be
emploved (o treat RCC.

{02071 RCC treatment can also be surgical. Suitable sur-
gical choices include, but are not limited to, radical nephre-
ctomy. partial nephrectomy. removal of metastases. arterial
embolization, laparoscopic nephrectomy, cryoablation, and
nephron-sparing surgery. Morcover. radiation, gene therapy,
immunotherapy. adoptive immunotherapy, or any other con-
ventional or experimental therapy can be used.

{0208] Treatment options tor prostate cancer. head/neck
cancer. and other solid tumors are known in the art. For
instance. prostale cancer treatuments include, but are not
limited to. radiation therapy. hormonal therapy. and crvo-
therapy The preseat invention contemplates any novel ar
experimental treaiment of solid mmors,

[0209] Prognosis genes or class predictors for each treat-
ment of a sold tumor can be identified according to the
present invention. Treatments with favorable prognoses for
a patient of interest can theretore be determined. Treatment
selection can be conducted manually or electronically. In
one embodiment. a reference expression profile database is
established for each treatment and each prognosis gene.

[0210] Identification of prognosis gene may be affected by
the disease stage of a solid temor. For instance. prognosis
genes can be idennified from patients at a panicular disease
stage. Genes thus identified may be more effective in pre-
dicting clinical omcome of a patient of interest who is also
at that discase stage.

{0211] Disease stages may also affect treatment selection.
For instance. for RCC panients in stages 1 or 11, radical or
partial nephrectomy is commonly selected. For RCC
paticnis in stage [l radical nephrectomy is among the
preferred treatments. For RCC patients in stage IV, cytokine
immunotherapy. combined immunotherapy and chemo-
therapy. or other drug therapies can be employed. Therefore,
the disease stage of a patient of interest can be used to assist
the gene expression-based selection for a favorable treat-
nent of the patient,

[#212] 1t should be understood that the above-described
embodiments and the following examples are given by way
of illustrabon. not limitation. Various changes and modifi-
cations within the scope of the present invemion will
become apparent 1o those skilled in the art from the present
description.

V. EXAMPLES
Example 1

Tsalation of RNA and Preparation of Labeled
Microarray Targets

[#213] Prior 1o imtiation of therapy, whole blood samples
(8 mL) were collected into Vacitainer sodium citrate cell
purification tubes (CPTs) and PBMCs were isolated accord-
ing to the manufacturer’s protocal (Becton Dickinson). All
blood samples were shipped in CPTs overnight prior to
IPBMC processug. PBMCs were purified over Ficoll gradi-
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ents, washed two times with PBS and caunted. Total RNA
was isolated from PBMC pellets using the RNeasy mini kit
(Qiagen. Valencia. Calfl). Labeled target for oligonucle-
otide arrays was prepared using a modification of the
procedure described in Lockhant. et al.. NATURE BIO-
TECHNOLOGY. 14- 1675-80 (1996). 2 pg total RNA was
converted 1o ¢cDNA by priming with an oligo-dT pruner
containing a T7 DNA polymerase promoter at the 5 end The
¢DNA was used as the template for in vitro transcription
ustng a T7 DN A polymerase kit (Ambion, Woodlands. Tex.)
and biotinylated CTP and UTP (Enzo). Labeled cRNA was
fragmented in 40 mM Tris-acetate pH 8.0. 100 mM KOAc.
30 mM MgOAc for 35 minutes at 94° C. in a final volume
of 40 pl.

Example 2

Hybrdization to Aflymetrix Microarrays and
Detection of Fluorescence

[0214) Individual RCC samples were hybridized to
HgU93A genechip (Affymetrix). No samples were pooled.
As described above, 45 RCC patients were involved in the
study. Tumors of the RCC patients were histopathologically
classifted as specific renal cell carcinoma subtypes using the
Heidelberg classification of renal cell mmors described in
Kovaces. et al., 1. PATHOL., 183: 131-133 (1997).

[0215) 10 pg of labeled target was diluted in IxMES
buffer with 100 pg/mt herring sperm DNA and 50 pgrml
acetylated BSA. To normalize arrays to each other and to
estimate the sensitivity of the oligonucleotide arrays. i vitro
synthesized transcripts of 11 bacterial genes were included
i each hvbridization reaction as described in Hill. et al..
SCIENCE. 290: 809-812 (2000). The abundance of these
transcripts ranged from 1:300,000 (3 ppm) to 1:1000 (1000
ppm) stated in terms of the number of control transeripts per
total transcripts. As determined by the signal response from
these control transcripls. the sensitivity of detection of the
arrays ranged between about 1:300.000 and 1:100.000 cop-
ies/million. Labeled probes were denatured at 99° C. for §
minutes and then 45° C. for 5 minutes and hybridized to
oligonucleotide arrays coniprised of over 12.500 hwmnan
genes (HgU95A, Affvimeinx). Arrays were hybridized for 16
hours at 45° C. The hybridization bufler was comprised of
100 mM MES, 1 M [Na®]. 20 mM EDTA. and 0.01% Tween
20. After hybridization. the cartridges were washed exien-
sivelv with wash buffer (6xSSPET). tor instance. three
10-minute washes al room temperature. These hybndization
and washing conditions are collectively referred to as
*“nucleic acid array hybridization conditions.” The washed
cartridges were then stained with phycoerythrin coupled to
streptavidin.

[0216] 12xMES siock contains 122 M MES and 0.830 M
[Na*]. For 1000 ml. the stock can be prepared by mixing
70.4 g MES free acid monohydrate. 193 3 ¢ MES sodium
salt and 800 ml of molecular biology grade water. and
adjusting volume 1o 1000 ml. The pH should be between 6 5
and 6.7. 2x hybridization buffer can be prepared by mixing
$.3 ml of 12xMES stock. 17.7 mL of' 5 M NaCl. 4.0 mL of
0.5 M EDTA, 0.1 mL of 10% Tween 20 und 19.9 mL of
water. 6xSSPET contains 0.9 M NaCl. 60 mM Nall,PO,. 6
mM EDTA, pH 7.4. and 0.005% Triton X-100. In some
cases. the wash buffer can be replaced with a more stringent
wash bufler. 1000 ml stringent wash bufter can be prepared
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by mixing 83.3 mL of 12xMES stock. 5.2 mL of 5 M NaCl.
1.0 mL of 10% Tween 20 and 910.5 mL of water.

Example 3

Giene Expression Data Analysis

(0217] Duata analysis and absent/present call determination
were performed on raw fluorescent intensity values using
GENECHIP 3.2 software (Affymetrix). GENECHIP 3.2
saftware uses algorithms to calculate the likelihood as to
whether a gene is “absent” or “present” as well as a specific
hvbridization mtensity value or “average difference™ for
cach transcript represented on the array. For mnstance,
“present” calls are calculated by estimating whether a tran-
script s detected in a sample based on the strength of the
gene’s signal compared to background. The algorithms used
in these calculations are described in the Afiymetrix Gene-
Chip Analysis Suite User Guide (Alfymetrix). The “average
difference™ for cach transcript was normalized 1o “fre-
quency” values according to the procedures of Hill. et al..
SCIENCE. 290- 809-812 (2000). This was accomplished by
relerring the average difference values on each chip to a
global calibration curve constructed from the average dil-
ference values for the 11 control transcripts with known
abundance that were spiked into each hybridization selution.
This calibration was used 1o convert average difference
values for all transcripts 1o frequency estimates, stated in
units of parts per million (ppm) ranging from about 1:300,
000 (3 ppin) to 1.1000 (1000 ppm). This process alsa served
to normalize between arrays,

[0218] Specific transeripts were evaluated further if they
mel the loHowing criteria. First, genes that were designated
“absent™ by the GENECHIP 3.2 software in all sampies were
excluded from the analysis. Second. in comparisons of
transeript levels betwecn arravs. a gene was required 1o be
present in at [east one of the arrays. Third, for comparisons
of transcript levels between groups. a Student’s t-test was
applied to ideniify a subset of transcripts that had a signifi-
cani (p<0.05) differences in frequency values. In certain
cases. 4 fourth criterion, which requires that average fold
changes in frequency values across the statistically signifi-
cant subset of genes be 2-fold or greater. was also used.

(0219] Unsupervised hierarchical clustering of genes was
performed using the procedure described in Eisen. et al.,
supra. Nearest-neighbor prediction analysis and supervised
cluster analvsis was performed vsing metrics illustrated in
Giolub. c1 al.. supra. For hierarchical clustering and nearest-
nerghbor prediction analysis. data were log transformed and
nomalized  have a mean value of zero apd a variance of
one. A Student’s t-test was used to compare PBMC expres-
sion profiles in different outcome classes. In the compari-
sons. a p vale<0.05 can be used 1o indicate statistical
signtheance.

[0220] A k-nearest-neighbor’s approach was used 1o per-
form a neighborhood analysis of real and randomly per-
muted data using a correlation metric P(g.c)=(ul-p2)/{u1+
a2). where g is the expression vector of a gene. ¢ is the class
vector, pl and ol define the mean expression level and
standard deviation of the gene in class 1. and 2 and a2
define the mean expression level and standard deviation of
the gene 1n class 2.
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Example 4

Gene Expression Analyses Using A More Stnngent
Filter

[0221] In this example, only those transcripls meeting a
more stringent data reduction filter were used (at least 25%
present calls. and an average frequency across all 45 RCC
PBMCsZ5 ppm). This more stringent filter was used to
avoid the inclusion low level transcripts in the predictive
models. For nearesi-neighbor analysis all expression data in
training sets and test sets were log transformed prior 1o
analysis. In training sets of data. models containing ncreas-
ing numbers of features (transcript sequences) were built
using a two-sided approach {equal numbers of features in
each class) with a $2N similarity metric that used median
values for the class estimate, All comparisons were binary
distinctions, and each model (with increasing numbers of
features} was evaluated by leave one out cross validation.
Prediction of class membership in the test sets was per-
formed using a k-nearest-neighbor algorithm in Genecluster
version 2.0. In these predictions, the number of neighbors
was set 1o k=3, the cosine distance measure used. and all k
neighbors were given equal weights.

[6222] As demonsirated above. the Cox proportional haz-
ards regression suggested an association between gene
expression and time until disease progression. and an even
stronger association between gene expression and survival.
O the basis of these findings, 4 nearest-neighbors algorithm
coupled with the stringent duta reduction fiher wus
employed to identify multivariate expression pattems
PBMCs that were correlated with and could be used 1o
predict patient outcome. In these analyses. pretreatment
expression patterns correlated with the clinical owtcomes of
TTP and TTD were determined.

[0223] In order 1o evaluate the predictive wility of the
profiles correlated with clinical outcomes. 70% of the
patient PBMC profiles were randomly selected as a training
set, and the remaining 30% of the samples formed the test
set. In each approach, the profiles were stratified as origi-
nating from patients with poor or favorable outcomes. A
nearest-neighbors algorithm was used to generate gene
classifiers correlated with groups in the traming set. The
gene classifier that gave the highest accuracy of class
assignment by leave-one-out cross validation was identified.
Finally. this gene classifier was evaluated on the test set of
samples.

f{0224] Prior to ruming these analyses we examined the
distribution of PBMC cell types in the varous groups 10
ensure that difterences in cell populations were not the sole
basis for any observed differences in expression. Tables i8
and 19 demonstrate the distributions of (he various cell
subtypes (neutrophils, eosinophils, lymphocyies and mono-
cytes) between PBMCs of patiems assigned to either good or
poer outcome categories for TTP and survival. The mean
percentages and the p-value for a t-test (unequal variance)
between the good and poor outcome PBMC profiles for each
cell subtype are presented. None of the cell subtypes were
found to be significantly confounded with the class distine-
tions for either clinical outcome, ensuring that transcrip-
tional patterns, if identified. would not siiply be reflections
of altered cell populations between the groups but rather
distinet expression patterns arising from PBMC samples
with similar cellular compositions.
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TABLE 18

Distributions of PBMC Cell Subtypes Between PBMC
Profiles of Patients in Good and Poor Outcome
Stratifications of TTP in Training Set

Cell Type TTP > 106 days TTP < 06 days  p-value
Neturephid (*6) 247 308 0.6883
Foswiophil (%0) 1.6 u7 1.1286
Lyvmphacyie (%5} 47.1 379 1.5789
Monocite (%) 26.5 0.6 .68
[0225)
TABLE 19
Distributions of PBMC Cell Subtypes Between PBM(
Profiles of Patients in Good and Poer Qutcome
stratifications of TTI) in Training Set

Cell Type TTD > 363 days TTP < 365 days  p-vahue
Neutrephul (%a) 245 28.8 1.7661
Eosuophit ("o} 1.8 0n9 1.1931
Lymphocyte (°0r 48,3 40,3 01,3007
Monoeyte (%0) 254 298 01,3823
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[0226] The first analysis is summarized for the comparison
of short- and long-term survivors (less than or greater than
one year survival) in FIGS. 6A, 6B, and 6C. Patients were
stratified as described above into two groups based upon
TTD less than or greater than 365 davs. A GeneCluster
analysis using the signal-to-noise metric identified tran-
scripts correlated with these groups of patients (FIG. 6A).
Predictive gene classifiers containing between 2 and 60
genes in steps of 2 {and 60-200 genes in steps of 10) were
evaluated by leave-one-out cross validation to identify the
smallest predictive model yielding the most accurate class
assignments of short- and long-term survivors in the training
set. [n this comparison the best model found (with respect to
leave-one-out cross validalion accuracy) was a classifier of
20 genes (F1G. 6B and Table 20). This predictive model was
then evaluated using a nearesi-neighbors approach on the
remaining test set of samples (FIG., 6C). This entire
approach was repeated for the siratification ol short vs
long-term TTP as illusirated in FIGS, 7A, 7B, and 7C. In
this comparison the best mode] found (with respect to
leave-one-out cross validation accuracy) was a classifier of
30 genes (FIG. 7B and Table 21). and this predictive model
was also evaluated using a nearest-neighbors approach on
the remaining test set of samples {FIG. 7C). Further detail
concerning overall prediction accuracies. sensitivities and
specificities of the predictive models based on year-long
survival and time to progression are summarized for the test
sets of samples in Table 22.

TABLE 20

Prognosis Genes for Shon-term (€363 days) versus Long-lemm {>3635 davs) TTD

Class Score Perm 1% Permy 5% Perin (user)

Less_365_TTD 0,63  L136374  D9NTIT98 1 66693866
Less_365_TTD 061 LOITSINE Q. TONERTS 16129934

UNK__ALO3ISNTY Less_365_TTD 0.59 09283793 N773RIVES 05757412

Less_365_TTD (.38 092103395 1.74762696  1.5645737
Less_365_TTD (.56 08624204 N.T0R0BIAE 0 5475367
Less_363_TTD U534 080717504 1L6R61633 153616236
Less_363_TID 033 077077115 0.67412776 52794206
Less_365_TID 051 0,744897 (L6632934  0.32192914
Less_ 365_TTD 05 07365122 WLEIKIA453  1.51936203
Less_363_TID 0.5 0722108 064633393 1,5]1375333
Greater_365_TTD (.82 1.2004976 09364477 069520277
Greater_365_TTD (L&l L1.O586497  QMT3894H  0.63466245
Greater _365_TTD 077 092612034 0&33416  6.G1823396
Greater_365_TI[D 0.76 0.8713624  «1.781292%6 0 3706107
Greater _365_TTD 0.75 084302566  (L.7641664 1136463616
Greater_365_TTD 073 08426697 07397285 03304346
Greater _363_TTD 072 0R337271 07298643 03382264
Greater_365_TTD 0,72 b.B32IS304  0.699147 33125846
Greater_365_TTD 0.71 08173296 06975797 03216139
Greater_365_TTD 071 080752265  0,6532027 031570373

[0227]

TABLE 21

Prognosis Gentes for Short-term (<106 days} versus Long-term (>106 davs) TTP

Class Score Perm 1% Penn 3%  Perm (user)

Quaiifier Gene Name

33956_ar MD-2

41831 _at RER]

370G _at

33300_at EPRS

39127 _f_at PPPIR4

39360 _at SNX3

41332_m POLRIE

3R453_at [CAM?2

33424 at RPNI

956_at TusB

32371 _at CTSB

32655_at KIAALNLS

33493 _at HFL-EDDG1

36474 _ar KIAAQ0TT6

J1864_at MPHOSPHE

3837 ot TCEALIL

2064_g at  ERCCH

39337_at UNK_AIS23844

36190_m CDR2

40308 _at UNK_AIS30496
Qualifier Gene Name
181_g_at

34498_at VN2
J858S_ae HBG?

LUNK_S82470 Less_TTP_1u6 341 5382912 J4.BIUBNTA

13750022
Less_ TTP_106 3 337237 424699435 32616036
Less_TTP__106 295 41691014 5714144 3.009498
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TABLE 21~continued

34

Prounosis Genes for Short-term (<106 davs) versus Long-term (>1U6 days) TTP

Quahficr Gene Name Class Score Perm 1%  Perm 5%  Perm (user)
39Sy CHRNE Less_TTP_106 185 4067230 36665761 29883216
35012 _at MNDA Less, TTP_106 284 4032049  3.3925848 29236356
34946_at DORA Less TTP_106 275 39986155 3.5583446 2.8342075
1538 _g_at PAK1 Less_ TTP_106 27 3E7RO496 3.4723833 27667618
3M_a GMIA Less _TTP_lu6 27 3RIAIGE 34383278 26919303
J1136_s_at APP Less_TTP_106 261 3813862 33433113 26589744
32776_at RALB Less__TTP_106 257 3713738 33400131 2 603462

34R74__at NTE less_ TTP_106 245 3.6834376 33347135 25644205
34319 _at S100P Less_TTP_ 106 135 3,508251 3589053 2535633

41102_ar T34 Less_TTP_lu6 231 35312018 3.2536353 2 4961586
32046, at PRKCD Less_TTP_ 146 128 35278873 3241573 24784655
Sev6_u EDR2 Less_TTP_106 225 3.4799864 3.1926233 24267142
RARTI_at UNK_W30677  Greater _TTP_106 389 6951308 3112061 4.082164

38318 _at SCML2 Greater_TTP_1u6  3.67 5105945  4.643224 3.631336

41189 _at TNFRSFL2 Greater_TTP_106  3.59  3]us6l4 42303996 3.395199

donids_at UNK_DB33931  Greater _TTP_106 349 4.7381496 4189143 33146112
AN396_at P2RXS Greater _TTP_106 149 4.513983 40066353 3.2069612
35177 _at KLA AT Greaer_TTP_106 338 44174356 3.987262% 3.1314178
403gd_at  NUPBE Greater _TTP_lu6  3.24  4.3743346 3.9209368 3.0728083
38340_u KLAAOGSS Greater_ TTP_106  3.23  4.121891  3.8479779 3.009764

3ML6_at ARHH Greater_TTP_1u6 3.22 4.105443 3.834686 2.96BB37R
INgE_ar CRYI Greater_TTP_106  3.19 4051371 3.776217 1.9163232
32372_a CIsR Greater_TTP__ 106 3.8 3.0033615 37531464 2 BBBAB2E
30968_s_at OiP2 Greater_TTP__106 312 3.9363299 36980143 2.8398302
34236 _a1 SIATS Greater_TTP__16 311 3.8674347 3.6664524 27820752
41767 _r_at KIAAOBSS Greater_TTP_106 3.1 3 RIZINN2 3629394 2.748495

Jednd_s_at UNK_AM34146  Greater_ TTP_lué 296 3778308 3569239 2.690684
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[0228]

TABLE 22

Performance Characterstics of Gene Classifiers from
Supervised Approaches for Samples in the Test Ser

Accuracy Pos Prediciive Valne  Neg Predietive Yatue
TiP 1113 (85°%) 8701 (R0%) 33 (100%)
TiD 10°14 (72%; &8 (10U%) 26 (33%)

[0229] We idemified expression patterns and individual
transcript levels in pretreaiment PBMC expression profiles
that appear correlated with, and therefore predictive of, the
clinical outcones of time to progression and survival in
patients with RCC.

[0230] In injtial analyses. an unsupervised hierarchical
clustering algorithm segregated patients solely on the basis
of the simitarity in thew global expression profiles i
PBMCs. We identified significant differences in survival
between these molecularly defined subgroups of patients
and. as a precautionary step, tested whether technical or
demographic factors were confounded with the observed
subyroups of patient PBMC profiles in good and poor
outcome clusters. Key technical parameters associated with
the profiles (measures of RNA quality, gene chip hybridiza-
tion. ete) were not significautly different between the groups
and theretore did now confound the analysis. In addition we
ruled vut multiple other demographic parameters (sex. age.
ethnicity) as sources of the observed stratification in patient
PBMC profiles. Finally, we also determined that CCI-779
dose Tevel did not impact the observed stratifications. indi-
cating that profiles predictive of various outcomes were not
CC1-779 dose dependemt,

[0231] The Kaplan-Meier based differences in survival
curves for the subsets of patients in the good versus poor
gene expression prognosis clusters were more distinct than
the differences in survival for those same patients as pre-
dicted by their asscciated risk classifications (FIGS. 4A and

4B). This finding supports the continued exploration of

surrogate tissue profiling for identification of gene expres-
sion patterns predictive of outcome. since prior o lhe
expression profiling results m PBMCs reported here, the
Motzer risk classification was the prognostic index best
correlated with outcome in this clinical study.

[0232] Multiple supervised approaches also support the
hypothesis that transcriptional levels of select genes in
PBMC profiles of RCC patients are significantly correlated
with disease progression and survival Both non-parametric
{Spearmans correlation, data not shown) and parametric
{Cox proportional hazard modeling) univariate analyses
identified individval transcripts that were significantly cor-
related with both disease progression and survival, Multi-
variate approaches using k-nearest-neighbor gene selection
were also performed to identify multivariate predictors
correlated with clinical outcomes of progression and sur-
vival. Supervised analyses identificd gene signatures in
PBMCs that were capabte of idemifying patients with vary-
ing accuracy with respect to TTP and survival. The overalt
accuracy of these predictive models on test seis of patients
was 85% and 72%. respectively, and overall accuracies in
both training set cross validation and in test set predictions
were similar

[0233] The results further imply that the circulating mono-
cytes. T cells and B cells (or activated neutrophils passing
hrough CPT) may serve as a sensitive monitor of the
organism’s physiological state. As these cells pass through
various lissues. their reaction to the microenvironment is
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capiired 10 a complex transcriptional response measured
through profiling. Surprisingly. such patterns appear to not
only be diagnostic of disease state (e.g., RCC) but may also
reflect dillerential responses to variations in the clinically
same discase state (¢ 2. advanced RCC with different
degrees of aggressiveness). This suggests that the PBMCs.
due to their transit through the body, may serve as an
accessible surrogate monitor of tissues and systems that are
not eaxily obtained by routine biopsics.

[0234] The functional categories of transcripts in PBMCs
associated with low or high risk display several interesting
trends. First. transcripts elevated in PBMC's of patients with
shorter TTP or survival include those involved in cytoskel-
elal organizaton/cell motility, associated small GTPases,
general pathways of proteasome-dependent catabolism and
general pathways of metabolism. [n contrast, transcripts
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elevated w1 PBMCs of patients with longer TTP or survival
included those involved in mRNA transport. mRNA pro-
cessing/splicing and ribosomal protein subunits.

[02351 Similar surrogate tissue analyses can be used 1o
identify transcriptional profiles that are specific to a particu-
lar therapy in question (eg. CCL-779. interferon-alpha
(IFN-t). or CCI-7794IFN-«t). as well as those that are
simply prognostic of disease outcome regardtess of therapy

[0236] The foregoing description of the present invention
provides illustration and description. but is not imtended to
be exhaustive or to limit the invention to the precise one
disclosed. Modificauons and variations are possible consis-
tent with the above teachings or may be acquired irom
practice of the invention. Thus, it is noted that the scope of
the invention is defined by the clains and their equivalents.

SEQUENCE LISTING

The patent application contains a lengthy “Sequence Listing”™ section. A copy of the "Sequence Listing” is available in
electronic form from the USPTO web site (http://seqdata.uspta.gov/?pageRequest=docDetail& DocID=US20060 19421 | Al).
An electronic copy of the “Sequence Listing™ will also be available from the USPTO upon request and paviuent of the

lee set forth i 37 CFR 1.19(b)3).

What is claimed js:

1 A method comprising comparing an expression profile
ol at least one gene in a peripheral bloud sample of a patient
1o at least one reference expression profile of said at least
one gene. wherein the patient has a selid imor, and each of
said at least one gene is differertially expressed in peripheral
blood mononuclear cells of a first class of patients as
compared to peripheral blood menonuclear cells of a second
class of patients. wherein both the first and second classes of
patients have the solid tumor. and wherein the first class of
patients has 2 first clinical outcome. and the second class of
patients has a second clinical outcome.

2. "The method according to claim 1. wherein the first and
second clinical outcomes are outcomes of a therapeutic
reatment of the solid tumor in the first and second classes
of patients.

1. The method according to claim 2. wherein the expres-
sion profile and said at leust one reference expression profile
are baseline expression profiles lor the therapeutic treat-
ment.

4. The method according to claim 2. wherein the periph-
eral blood sample is a whole blood sample.

5. The method according to claim 2. wherein the periph-
eral blood sumple comprises enriched peripheral blood
mononuclear cells.

6. The method according to claim 2, wherein the solid
tuner is RCC, and the therapeutic treatment comprises a
CCI-779 therapy.

7. The method according to claim 6. wherein the ficst
clinies) owteome is TTD of less than u first specified period
ol ime starting from initiation of the therapeutic treatment,
and the sccond chical outcome s TTD of longer than a
sccond specified period of time starting {rom initiation of the
therapeutic treatment.

8. The method according to claim 6. wherein the first
clinical outcome is TTP of less than a specitied perind of
time starting from initiation of the therapeutic treatment. and
the second clinical outcome is TTP of longer than another
specified pericd of time starting from miation of the
therapeutic treatment.

9. The method according to claim 6, wherein the first
clinical ouicome is a Motzer nsk classificaion, and the
second clinical outcome is another Motzer risk classifica-
tion.

10. The method according to claim 2. wherein said ot least
one gene comprises two or more genes, and said at least one
reference expression profile includes a first reference expres-
sion profile and a second reference expression profile.
wherein the first reference expression profile is an average
expression profile of said at least one gene in peripheral
blood samples of patients selected from the first class, and
the second reference expression profile is an average expres-
sion profile of said at least onc gene in peripheral blood
samples of patients selected from the second class. and
wherein the expression profile is compared to said at leasi
one reference expression profile by using a k-nearest-neigh-
bors or weighted voting algorithm.

11. The method according 1o claim 1, wherein said at least
one gene substantially correiates with a class distinction
between the first class and the second class.

12. The method according to claim 1. comprising select-
ing a therapy for treating the solid wmor in the patent.
wherein the patient has a favorable prognosis tor the therapy.

13, Amethod comprising comparing an expression profile
of at least one gene in a peripheral blood sample ol a patient
10 at leas! one reference expression profile of said at least
one gene, wherein the patient has a solid tumor. and each of
said at least one gene is differentiaily expressed in peripheral
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blood monenuciear cells of a first class of patients as
compared 1o peripheral blood mononuclear cells of a second
class of pattents, wherein the first and second classes of
patients have the solid tumor, and each of the first and
second classes is a subcluster formed by an unsupervised
clustering analysis of gene expression profiles in peripheral
blood mononuclear cells of a population of patients who
have the solid tumer. and wherein the majority of the first
class of patients has a first clinical outcome. and the majority
ofthe second class of patients has a second clinical oulcome.

14, The method according to claim 13, wherein the first
and secand clinical outcomes are vutcomes of a therapeutic
treatment of the solid tumor in the first and second classes
of patients. and the expression profile and said at least one
reference eapression profile are baseline expression profiles
for the therapeutic treatment.

15. The method according to claim 14, wherein the solid
twmor is RCC, and the therapeutic treatment compnises a
CCI-779 therapy.

16. The methed according to claim 13, comprising select-
ing a therapy for treating the solid wmor jn the patient,
wheretn the patient has a favorable prognosis for the therapy.

17. A method comprising comparing an expressian profile
of at least one gene in a peripheral blood sample of a patient
to at least one reference expression profile of said at least
one gene. wherein the patient has a solid tumor, and expres-
sion levels of each of said at least one gene in peripheral
hlood mononuclear cells of patients who have the solid
tumor correlate with clinical outcomes of said patients.

18. The method according to claim 17, wherein the solid
tumor is RCC. and said clinical outcomes are measured by
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patient response to a CCI-779 therapy. and wherein said at
least one gene comprises one or more genes selected from
Tables 6a, 6b. 6¢. 6d. 9a. 9b, 9c. 9d. 10. 11. 12, 13, 16. 20.
and 21.

19. A system comprising:

a memory or a storage medium including data that rep-
resent an expression profile of at least one gene in a
peripheral blood sample of a patient whe has a solid
fumor:

at least another storage medium including data that rep-
resent at least one reterence expressian profile ol said
at least one gene:

a program capable of comparing the expression profile to
said at least one reference expression profile: and

a processor capable of execuling the program. wherein
expression levels of said at least one gene in peripheral
blood mononuclear cells of patients who have the solid
tumor corrclate with clinical ovtcomes of said patients.

20. A pucleic acid or protein array comprising concen-

trated probes for solid tumor prognosis genes, wherein cach
of the solid tumor prognosis genes is differentially expressed

in peripheral blood mononuclear cells of a first class of

patients as compared to peripheral blood monenuclear cells
of a second class of patients. wherein both the first and
second classes of patients have a solid tumor, and wherein
the first class of patients has a first clinical outeome. and the
second class of patients has a second clinical outcone.
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