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4 ANEXOS \

Comprobante de pago de la tasa de presantacion de la solicitud.

Documentos que acreditan la existencia y representacién legal cuando los solicitantes sean personas
juridicas.

Documentos de Representacion Legal.
|:| Documento de cesidn del inventor al solicitante o a su causante.
D Declaraciones
[:l Copia de la solicitud Intemacional. (Resumen, descripcion, relvindicaciones, dibujos)

E Traduccién de la solicitud intemacional al castellano. (Resumen, descripcidn, reivindicaclones)

D Copla del examen preliminar Intemacional efectuado por la Autoridad Intemacional de Examen
Preliminar (IPEA).

[] Traduccién del examen praliminar intemacional sfectuado por la IPEA.

L__] De ser el caso, copla del contrato de acceso.

D De ser s caso, documsnio qua acrediie la licencia o autorizaclon de uso de conocimientos
tradicionales de las comunidades indigenas.

[] Arte Final 12x12.

I:I De ser el caso, informacion sobre otras solicitudes de patente o titulos obtenidos en el extranjero por '.
el mismo titular o su causante, relacionadaes parcial o totalmente con la invencion de esta solicltud.

|:] De ser el caso, modificaciones efectuadas a ia solicitud Intemacional.

Otros: Reporte de blsqueda Intemacional con su traduccién, anexos del reporte de bhisqueda,
publicacién con su traduccién y opinidn escrita con su traduceion.
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ANEXO

El documento que acredita [a calidad de
REPRESENTANTES LEGALES en Bogota de los doctores
ALICIA LLOREDA y/o GUSTAVO TAMAYO y/o
IGNACIO SANTAMARIA y/o ENRIQUE ALVAREZ para
TODOS LOS ASUNTOS RELACIONADOS CON LA
PROPIEDAD INDUSTRIAL de la sociedad peticionaria, que
faculta a cada uno de dichos abogados para actuar
Individualmente, se esta presentando con esta solicitud.
En consecuencia, ruego a usted reconocer la personeria
de cada uno de dichos Representantes Legales para
actuar dentro del presente expediente, a fin de que
cualquiera de ellos pueda intervenir en cualquier tiempo

respecto de la solicitud en él contenida.

(e
ALICIA LLOREDA RICAURTE

T.P. No. 53.215



TRADUCCION OFICIAL No. 2004-09-09-466
DE LAS PARTES PERTINENTES DE UN DOCUMENTO
PRESENTADO EN INGLES

PODER

Legalizacién de un Poder de Representacidon Legal, documento escrito en inglés y
en espaiiol.

Certificado Notarial (Sociedad) documento también escrito en inglés y en espafiol.

Notarizacién, documento escrito en espafiol.

APOSTILLA
(Convencién de La Haya del 5 de Octubre de 1961)
Reino Unido de la Gran Bretafia e Irlanda del Egml'“"’
. . " nea ?cﬂlﬂ I sz'i-r}?;q:a;cbm
1. Pals: Reino Unido de la Gran Bretafia e Ilanda del Nortef, oyt saiaso Sokar i ove wa
: OUEHETEMIDO AL . 7,
Este documento publico e

GETTERL RGNS g . 0
2741 14 A6a 2965
o XTREHN SR

2.  ha sido firmado James Kerr Milligan
3.  actuando como Notarioc Publico § JUAN MANUEL BOTERD MEDTHA &
lleva el sello/estampilla de dicho Notario Publico Bavmemnnag :
CERTIFICADO .
5. en Londres 6. el 01 de septiembre de 2004
por el Secretario de Estado Principal de Su Majestad para Asuntos

Exteriores y del Commonwealth
8. Namero: G 749037
9. Sello/Estampilla: 10. Firma: (ilegible)

TRADUCTOR OFICIAL
RESOLUCION 2177

—
ANTTA R DE TAMAYO
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Sello de la Oficina de Asuntos W. Glass
Exteriores y del Commonvwealth Por el Secretario de Estado

Si este documento se va a usar en un pais que no es parte de la Convencién
de La Haya del 5 de octubre de 1961, deba presentarse a la seccién consular
de la misién que representa a ese pais. Una apostila o certificado de
legalizacion Unicamente confima que la firma, sello o estampilla sobre el
documento es autentica. No significa que los contenidos del documento sean
correctos o que la Oficina de Asuntos Exteriores y del Commonwealith apruebe los
contenidos.

Traducido segin mi mejor saber y entender, este dia 9 de septiembre de
2004, en la ciudad de Bogota. D.C. por Anita Escobar de Tamayo, Traductora

Oficial, Res. 2177 de 1989, Ministerio de Justicia, Republica de Colombia.

TRADUCTUOR OFMCIAL
RESOLUCION 2177
—

ANITA ESCOBAR DB TAMAYO
X, LR
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Yo, el infrascrito, JAMES KERR MILLIGAN, Notario Pblico de la Ciudad
de Londres, Inglaterra, por la Autoridad Real debidamente admitido y
juramentado,

CERTIFICO:

QUE es auténtica la firma suscrita al pie del adjunto Poder, por ser del pufio
y letra del Seiior Don MARCUS JONATHAN WILLIAM DALTON, cuya
identidad me conmsta, Apoderado de la Sociedad denominada
“GLAXOSMITHKLINE BIOLOGICALS S.A.” (anteriormente denominada _

“Smithkline Beecham Biologicals s.a.”), Sociedad legalmente constituida = _
y existente de acuerdo con las leyea de Bélgica, con domicilio social en Rue de,

I'nstitut 89, B-1330 Rixensart, Bélgica;

QUE el citado Sefior Don MARCUS JONATHAN WILLIAM DALTON est4
debida y suficientemente autorizado para firmar documentos de esta clase, en
virtud del Poder otorgado en su favor por la referida Sociedad fechado el 12
de junio de 2002, cuyo original he tenido a la vista.

Y QUE los objetos para los cuales se otorgd dicho Poder se encuentran dentro
de los objetos o actividades de la citada Sociedad, de acuerdo con la Escritura
Constitutiva y los Estatutos Sociales, los cuales he tenido a la vista.

T, ey e
Eenteun Sttt e

Y PARA QUE CONSTE y obre los efectos cond
que firmo y sello en Londres, el dia de hoy prime
mil cuattro.

JAMES KERR MILLIGAN
Notario Piblico de Londres, Inglaterra
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mivsinn reprisanting that country.



"Los abajo fimados,  GLAXOSMITHKLINE
B'0LOGICALS S.A., una socledad organizada y
existente de conformidad con las leyes de Bélgica.

con domicilio en rue de I'institut 89,
B-1330 Rixensart,
Béigica

nombramos por el presente a ALICIA LLOREDA y/o
GUSTAVO TAMAYO y/o IGNACIO SANTAMARIA
y/o ENRIQUE ALVAREZ, domiclliados en Bogota,
Colombis, con oficinas en dicha ciudad, Calle 72 No.
583, piso 6o., nuestros representantes legales y
verdaderos en Bogotd, con facultades para recibir
notificaciones y nombrar apoderados judiclales o
extrajudiciales, con el fin de dar cumplimignto al
parigrafo 1o. del articulo 543 del decreto 410 de
1971.

Los doctores ALICIA LLOREDA y/o GUSTAVO
TAMAYO y/o IGNACIO SANTAMARIA y/o ENRIQUE
ALVAREZ, o los apoderados que cualquliera de ellos
designe, quedan especiaimente facultados para
represenitamos ante |as autoridades colombianas,
administrativas, judiciales o de policla, en todos loa
trdmites relativos a la propieded Industrial, a cuyo
efecto les facultamos para dar ante diches
autoridades todos los pasos necesarios al objeto
indicado; elevar solicitudes, declaraclones, reclamos,
recursos Yy presentar desistimientos; formular
descripcionas, enmiendas, limitar el alcance de las
solicitudes, presentar opos¢iciones y apelaciones;
instaurar cancelaciones, renunciar total o
parcigimente @ Ios registos, sbonar todos los
impuestos y cuotas y 'efectuar fodo otro pago
detarminado por la ley; reclblr todos los documentos
y valores, dando el descargo respectivo; llenar
cualesquiera otros requisitos y tomar, en fin, todas
las medidas que creyeren conducentes al resguardo
de nuestroe intereses; y en caso de producirse
oposicion, pasando los antecedentes a los tribunales,
quedan facultados para tomar Intervencion como
demandantes o demandados ante loa Jueces que
sean competentss, pudiendo transar, someter a
arbitros, desistir, percibir y apelar, con todas las
demas facultades que resulten necesarias, y por el
presents declaramos desde ahora vélido y bueno
cuanto dichos representantes y/o los apoderados que
cualquiera de elios nombre hicileren en nuestro
baneficio.

Asimismo, facuitamos a los doctores ALICIA
LLOREDA ylo GUSTAVO TAMAYO yio IGNACIO
SANTAMARIA ylo ENRIQUE ALVAREZ, para
soliciter sn la Oficina de Propledad Induetrial la
protocolizacion de este documento y de cualquier
poder que cuaiquiera de elios otorgue a nombre
nuestro.

Dado y firnado

The undersigned, GLAXOSMITHKLINE
BIOLOGICALS S.A., a corporation organized and
existing under the laws of Belgium.

domiclied at rue de institut 889,
B-1330 Rixensart,
Belglum

hersby appoint, ALICIA LLOREDA andior
GUSTAVO TAMAYO and/or IGNACIO SANTAMARIA
and/or ENRIQUE ALVAREZ, of Bogota, Colombia,
with offices in sald town, Calle 72 No. 5-83, Sixth
Floor, our true and lagal representatives in Bogotd,
with power to recsive notlfications and to appoint
judicial or extrajudicial agents, so as to comply with
paragraph 10. of article 543 of decree 410 of 1971,

Doctors ALICIA LLOREDA and/or GUSTAVO
TAMAYQ and/or IGNACIO SANTAMARIA andior
ENRIQUE ALVAREZ, or the sgents by any one of
them appointed, are easpeclally empowered to
represent us before the administrative, judicial or
police authorities of Colombie, in all proceedings
pertaining to industrial proparty, for which purpose we
authorize them to {ake before the sald authorities all
the necessary steps for the sald end; to file petitions,
declarations, claims, recourses and withdrawals, to
draw up specifications; to file amendments, to limit
the scope of applications, fle oppositions; file
cancellations total or parilally waive registrations, to
pay all lnstnllmenq,. andxeffect -all other.

prescribed by lawi; ﬁ'mmﬂm

with afl
mp;yll ﬂmammﬁ;_ y

behalf, as complalnanh ea.well és defendants; befGre
the competant judged, "With"'il 7 pigiyer: F5
arangements, to aubmlt-ttmarbmpitotdes
collect, to appeal and, In short, with all such furlher
powers as may be required, and we hereby declare
from now on as valld and good all that sald

representativas and/or the agents by any one of them
appointed may do for our benefit.

We siso authorize doctors ALICIA LLOREDA
and/or GUSTAVO TAMAYQO aeand/or IGNACIO
SANTAMARIA and/or ENRIQUE ALVAREZ, to apply
for protocolization of this document and of any power
of attorney by any one of them conferred in our name,
before the Office of industrial Property.

31 AUG 2004

NOTARY SHOULD EXECUTE OTHER SIDE

,)r.



.* . CERTIFICADO NOTARIAL (SOCIEDAD)

Bélgica
{ss

Hoy de de 200 , comparecid

, 8quien conozco y
de quien me consta que firmé el anterior documento,
g' quien debidamente juramentado decland y dijo que

es
de GLAXOSMITHKLINE BIOLOGICALS S.A., la
compafila nombrada en el documento que antecede,
una socledad debidaments organizada y existente
conforme a las leyes de Béiglca, domicliada en ia
ciudad de Rixensart, Bélgica, legaimente constitulda
para un perlodo de duracibn que aln no ha
terminado, que ejerce su objeto soclal; conforme a
las leyes de
que el declarante estd

autorizado por dicha Compaflla para conferir este
poder; que el sello astampado por él al ple de tal
poder, en nombre y en representaciéon de la
expresada Compafifa, es el sello oficiai de ella; y que
el objeto para el cual sa conflere ests instrumento
estd comprendido dentro del de la sociedad.

El suscrito Notaro ha visto los Estatutos de

incorporacion firnados en

con facha y ceorfifica que do
conformidad con la Iogslaclon de dicho Pals, la
anterior declaracién |uramentada es prueba
suficiente de que los hechos sabre que ella versa son
ciertos o verdaderos, de o cual da fe.

Notary Public (Notario Piblico).

?

NOTARIAL CERTIFICATE {CORPORATION)

Belglum
{ss

On this day of . 200 ’
personally
came
to me known, and known to me to be the parson who
signed the foregoing Instrument, who being by me
duly swom did daposo and say that he is the
of GLAXOSMITHKLINE

BIOLOGICALS S.A., the company named within, a
Corporation organized and exisfing under the laws of
the Belglum, domiclied at the City of Rixensart,
Belglum, legally constituted for a period of tenure
not yet expired, which exercises Its corporate
purposes according to the laws of

, thal the deponent s
authorized by said Company to confer this power of
attomey; that the seal affixed hereunto by the
deponent in the name and on behalf of said
Corporation is the corporate seal thereof; and that the
purposs for which this instrument is granted Is
included within the corporate purposes of the
Company.
The undersigned Notary Public has seen the articles
of Incorporation of sald Corporation executed at

. under date of

and homby certifies that under the laws of sald
Country the foregoing acknowledgment is sufficlent
proof that the facts therein contained are true, which
he atiests.

f o M e e |
1 AM QUM =
EPOTOCOMA COMCIOE L]

N i & - l.' . " . - LY 5:“ - -
% JUAK NAKUEL BOTERD BEDINA §
1 NOTARIO



ﬁ; SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

. . DIVISION DE NUEVAS CREACIONES
Industria y Comercio EXTRACTO PARA PUBLICACION
SUFPERINTENDENCIA SOLICITUD DE PATENTE DE INVENCION PCT

(21) N* de solciiu: ©G 120) & OA -
(22) Fechade solicitud: ~~~ 26-11-08

(51) Int CI: AB1K 38/12

(71)Solcitante(s)  GLAXOSMITHKLINE BIOLOGICALS S.A.

(30) Prioridad  (31) No. Priorided 32) Fecha (33) Pale

0413510.9 16-06-04
11114,301 28-04-05

(85) Fecha lmite inicio fase nacional:  16-01-07

(86) Datos relativos a la prasentacidn de la solciind PCT
Fecha de presentacion de la solictud:  14-06-05
No. de solicitud PCT/EP2005000461

m .

US (72)Inventorfes) DEBRUS, Serge; MARTIN, Marie-Theress;
STEPHEN, Robert John; STEPHENNE, Jeen y
WETTENDORFF, Martine, Anne, Cécle.

(74) Apoderado: ~ ALICIA LLOREDA RICAURTE

(87) Pubilicacién internacional
Fecha: 29-12-05
N® publicacion: WO 2005125125 A1

(4)Tiulo:  “VACUNA CONTRA HPV18 Y HPV18 Y AL MENOS OTRO TIPO DE VPH SELECCIONADO DE VPH 31, 45 0 52°

Resumen - Reivindicacion(es):
Relvindicacién nimerg 1.

Una composicidn inmunogénica que comprende las PLV o capsomeros de VPH 16 y VPH 18 y al menos ofro tipo de

céncer de VPH, el otro tipo de céncer seleccionandose entre la lista constituida por los tipos de VPH 31, 45 y 52, en la que

la dosis de la PLV o capsdémero de al menos otro tipo de cancer se reduce con relacién al del VPH 16 6 186.




TRATADO DE COOPERACION DE PATENTES

PCT
REPORTE DE BUSQUEDA INTERNACIONAL

(PCT Articulo 18 y Reglas 43 y 44)

Registro de referencia del soliciante o agente | PARA FUTURAS ver Notificacidn o Transmisién del Reporte de Biisqueda Eternacional
ACCIONES  (Forma PCT/ISA/220) agf camo, donde aplique, el item S 5 continuacidn.

RIS/VBGOS9! i} ~ ) )
Solicitud internacional No. Fecha de registro intemacional (dis/mes/nlo) | Fecha de Prioridad (Primers) (dia/mes/ado)
PCT/EP2005/006461 14/06/2005 16/06/2004
Solicitante

GLAXOSMITHKLINE BIOLOGICALS S.A.

Este Reporte de Bisqueds Imternacional ha sido prepardo por esta Autoridsd de Biiaqueds Intemnacional y s tmnsmitido al solicitants
Segiin el Articulo 18. Una copis serd tranamitida s la Oficins Internacional.

Este de Bdsquods Intemacional consta de un foln] de__§ hojss.
También etk acompafiado de una copis de cads documentn téenico anterior citado en este reporte.

. Bases del reporte

s Respecto al lenguaje, In bisqueds intemacional so llevd a cabo segin Ia solicitud internacional en ¢l lengumje en el cual s presentd,
& menos que se indique de otro modo en esio fem.

I:] Ia bisqueds internacional e Hewd a cabo segin In traduccitn de 1a solicitnd intermacional proporcionada a csta
Autoridad (Regia 23.1(b)).

b. D Respectn & una secuencia de icido nneledtide yfo amino revelado en Is solicitud internacional, ver Recudro No. I

2 X Giertas retvindicaciones e pudieron locallzarse (Ver Recusdro T1).

3. [] Faitn onided de luvencio (ver Recuadro 1IN,

4, al titnls,
El texto ¢s aprobado scgin o presenta el solicitente.
Esta Autoridad ha establecido que el texto se les usl:
VACUNA CONTRA HPVI16 Y HPVI1S Y AL MENOS OTRO TIPO DE VPH SELECCIONADO DE
VPH31,45052

5. al resamen,
El texto es aprobado segiin Lo presenta el solicitante.

Esta Autoridad ha establecido el texto de scuerdo con la Norma 38.2(b), segiin aparece en el Recandre 111 Bl solichanie puede, un
mes despuds de In fecha de haber enviado por coameo este reporte de bisqueds interaacional, presentar comentarios s esta Autorided.

6. Raspecto a los dibujos,
8. La figura de los dibufos que sc publicark con e resumen cs tn Figura No. _
D como lo sugirié el solicitante.,

como lo seleceiond esta Autoridad, porque el solicitante no sugirld una figurs
D como lo sclecciond esta Autorided, porque estr figura camcteriza mejor o la invencidn-

b D Ninguna de las figums s para ser publicads con ef resumen.

"Forma PCT/ISA/210 (Primera haja) (Encra 2004)

N

™



Solicitud intemacional No.
REPORTE DE BUSQUEDA INTERNACIONAL PCT/EP2005/006461
A. CLASIFICACION DE MATERIA
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composicidn.
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ANEXOS DEL REPORTE DE BUSQUEDA
INTERNACIONAL

Eficacia de una vacuna bivalente de particula tipo virus
L1 en la prevencion de la infeccién con los tipos 16 y 18
del virus del papiloma humano en mujeres jévenes: un

ensayo aleatorio controlado

Vacuna de particula tipo virus L1 del virus del papiloma
humano (tipos 6, 11, 16 y 18), profilactico tetravalente en
mujeres jovenes: un ensayo de eficacia multicentro fas

Il aleatorio doble-ciego placebo-controlado
Vacuna vph medimmune/glaxosmithkline

Evaluacion de la tecnologlia: vacuna VPH (tetravalente),
Aventis Pasteur MSD/CSL

Andlisis inmunologicos de capsidas del virus d |

papiloma humano
Evaluacién de la relacion serolégica de los virus del

papiloma humano genitales por inhibicibn de Ila

hemoaglutinacién
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Efficacy of a bivalent L1 virus-like particle vaccine in
prevention of infection with human papillomavirus types 16
and 18 in young women: a randomised controlled trial

Dicre M Horper, EdvapdoL Franca, Cosette Wheelss, Daran § Feris, Dovid penbors, Anne Schwind, Foufie Zahof. Bruce tnms, Pouls Noud,
Newton S De Copvali, Crrdio M Foreli-Marting, Julin Teuneing, Mask M Slatter, Abnes ] Korn, Wim Guing, Gory Debin, for Uiz GlueSoithiline

HPY Voxzine Soudy Group®

Summary

Vaccination against the most commuon oncogenic human papillomavirus {HPV)

types, HPV-16 and

Backgrownd

HPV-18, could prevenl develnpment of up to 709 of cervical cancers worldwide. We did a randamised, double-blind,
coniyolled trial to asmesx the efficacy, mafety, and immmogenicily of u bivalent HPY-15/18 L1 virusilke partice
vaccine for the prevention of inddent and persistent infection with these two virux types, assaciaied cervical

cytalogical ahnesrmlities, and prerancenms lesions,

Methods We mndomised 1113 wanen between 15-25 years of age to receive three doses of elther the vaccine
formulated with AS04 adjusant or placebo on a 0 month, 1 mouth, and 6 month schedule in North America and
Brazil Women were emessed for HFV Infectien by cexvial cytology sud self-obtained cervicovaginal mmples for up

o 27 months, and for vaccine mfely and immunogenicity.

Findings In the acoendiingtn-protocol analyses, vacdne

efficacy was 91-6% (95% CI 64-5-98-0) against incident

Infection and 100% ageinst persistent lnfuhm (47.0-100) with HPV-16/18. In the intention-io-ireat amalynes,

vacxine efficacy was 95-1% (63-5-59.3) aguinst

t cervical infection with HPV-16/18 and 92.9%

{70-0-58. !)qlnlqﬂgﬂlah-nmlnlu associated with HPV-16/18 infection. The vaccine was generally safe,

well tnlerated, and kighly immmmogenic.

Interpretation The bivalent HFV vaccine was efficacious in prevention of Incldent and pernistent cervical infections
with HPV-16 and HPV-18, and associated cytological abnermalies and lesions. Vaccination against such infectinns

oould subytaniially reduce incidence of cervica! cancer.

Introduction

Cerviaal cancer in the most important manifestation of
genital human papllomavirus (HPY) infection and is
one of the leading cxuses of Gancer martality in women
worldwide The global disease burden of cervical cancer
is estimated at 470000 new cases and 230000 deaths
every year; almost R0% of the casen occur in developing
countries, where in many reyiona it is the most common
cancer among women.'! Cervical aancer Is also the
leading caume of yesmn-of-lifedost in women 1n south
ceniral Asin, Latin America, and sub-Szsharan Africa,
resulls In & greater reduction of 1 woman's life
expectancy compsred with AIDS, tuberculosis, or
maternal conditions in Latin America and Hurope.'

The cauuml role of some high-risk HPV types In
cervical carcinogznesis has now been dearly establinhed
by studies that ke into ancount the many molecular,
epidemiological, virological, cytolagical, and histological
complexities of the discase’s natural history. Molecular
studien show high-rik HPY DNA has been detecied in
99-7% of an Intermational serles of cervical cancers with
highly semitive PCR, and, in 10096 of cases, confirmed
by expert histological review.*

‘The odds ratio for cervical cancer associated with high-
risk HPV infection has been estimated us greater than

wewthelaacs com Vel 3564 Newanber 13, 2004

BNADOCID: <XP______ATaSmA 1>

150 in cane-control studien* Findinps from case-contrel
studies and cohort studies together with laboratory
evidence of H'Y oncogenic expression, have established

that persistent infection with high-risk HPV types is the*

pecessary cause of cervical aneer. The most prevalent
HPY types associated with cervical cancer are HPV-16
and HPV-18; HPV:16 accounts for more than 60% of
cervical canceru, with HPV-18 adding ebout uncther
I‘m-l'-ll

HPV vaccines based on L1 virus-like particles have
shown promise in protecting agminst infection and
development of lesions.*" Recently, & monovalemt
HPV-16 virus-like particle vaccine showed protection
againgt pensistent infection with HPV-16 and its
associated cervical Intracpithellal neoplasia (CIN).™
These data suggest that L1 virus-like particle vaccines
have the potential to reduce worldwide cervical cancer

rales.

We did a double blind, muiti-centre, randomised,
placebo-contralled clinical trial to assens the efficacy of 2
bivalent HPV-16/18 virus-like partide vaccne against
incident and persistent infectionn with HPV-16 and
HPV.18. We also assessed vaccine efficacy againat
cytological abnormaliies and CIN. and vaccine
immunogenicity, safety, and tolerability.

>
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Methods

Study objectives and participants

The primary abjective of this study was to assess
vaccdine efficacy in the preventon of Infection with
HPV.16, HPV-18, or both (HPV-16/18), between
months 6 and 18 in participants who were initially
shown to be seronegative for HPV-16/18 by ELISA and
negative for HPV-16/18 DNA by PCR. Secondary
objectiven included: evaluation of vaccine efficacy in the
prevention of persiment infection with HPV-16/18, and
the evaluation of varcine efficacy in the prevention of
clogically confirmed lowgrade squamous intra-
epithelial lesions (LSIL), high-grade squamoun intra-
epithelial lesions (HSIL), and hiskologically confirmed
LSIL (CIN 1), HSIL (CIN 2 or 3) squamous cell cancer,
or adenocarcinoma arsociated with HPV-16/18
infection between monthn 6 and 18, and months 6 and
17. The prevention of atypical squamous cells of
undetermined  signifiance  (ASCUS) cytology
wnociated with HPY-16/18 infection was added post-
hec to the oulcome analyves,

We also did an exploratory anulysis of the
hintopathological endpoints CiN 1 and 2 associated
with HPV-16/18 DNA detected by PCR in lesional
tmue. Other objectives Included the assessment of
vaccine Immunogenicity, safety, and tolerability.

Inventigators In North Ameria (Canada and the
USA) and Bruzll recrulied women for this efficacy
study through advertisernents or previous participation
in an HPV cross-sectional epidemiology study that took
plnce between July and Decemnber, 2000

For ench of the 32 study sitew, an institutional review
board approved the protocal, consent forms, and
amendments, Women signed separate written
<onvents for study participation and colposcopy. For
those under 18 years, parental consent and assent from
the participant were cbligatory.

There were two study phases: an initlal phase for
vaccinution and follow-up that concluded at month 18:
und a blinded follow-up extennion phase that conchuded
at month 17.

Women eligible for the initial phase (months 0-18)
inchuded healthy women aged 15-25 years, who had

-had no more than six sexw] partners, no history of an

abnormal Pap test or ablative or excisional trestment of
the cervix, and no ongoing treatment for external
condylomata: and who were cytologicully negative,
seroneyative for HPV-16 and HPV-18 antibodies by
EUSA, and HPV-DNA-negative by PCR for 14 high-
risk HPV types (16, 18, 31, 11, 15, 19, 43, 51, 52, 56, 58,
59, 66, and 68) no more than 50 dayn before study
eniry.

Women who compleied the initial phase of the study
earliext, and who did not have ablative or excisional
therapy of the cervix, or hysterectomy after enrclment,
were eligible to participate in the extension phase of the
study (months 18-27).

Procadures

Bach dose of the bivalent HPV-16/18 virus-like particle
vaccine (GlmoSmithKline Biologicals, Rizensan,
Belgium) contsined 2 pg of HPV-16 L1 virusdike
particle and 20 ug of HPY-18 L1 virus-lke particle. Bach
type of virusdike particle was produced on Spodoplern
Jfrugipenda S£9 and Trichoplusla ni Hi-S cell substrate
with ASHM adjvant containing 500 pg aluminum
hydroxide and 50 py 3-deacylated monophosphoryl Jipid
A (MPL, Coria, Montans, USA) provided in a
monodose visl. The placcho contained 500 pg of
aluminum hydraxide per dose, and wan identica) in
appearance to the HPV-16/18 vaccine. Every study
participant received a 0-5 mL dose of vaccine or placebo
at 0 months, 1 month, and & months.

Heslth-are providers obhined cerviaal specdmens
with a cervical brush and spatula (washed in PreservCyt,
Cytyc Corporation, Basborough, MA, USA) for cytology
and HPV DNA testing at acreening and months 6, 12,
and 18. At months € and 6, and subwequently every
3 months, warien self.obialned cervicovaginal samples
with two sequential swaby {pinced in PreservCyt) for
HPV DNA teting? A central laboratory (Quest
Diagnostics, Teterboro, N). USA) reported cytology
results (ThinPrep, Cytyc Corporation) by use of the 1991
Bethexda clussification system.

Protocol guidelines recommended colposcopy after
two reports of ASCUS, or one report of atypical
glandular cdls of undetermined significance, LSIL or
HSIL, squamous cell cardnoma, adenocarcinoma in
sity, or adenocarcinoina. These guidelines also recom-
mended biopsy for any suspected lesions.

The central histology lLaboratory made an initial
diagnosts from the forralin-fized Heue specimens for
clinical management. A panel of three pathologists
made a subsequent consensus di in for HPV-16
and HPV-18 smsociated lesions with the CIN system.
This consenn dlagnosis also included review of the
sections taken at the time of microdissection for PCR
detection of lesional HPV DNA. _

HPV DNA imohied from the cytology specimen
(MagNaPure Total Nuclsic Acld sysem, Roche
Diagnostics, Almere, Netherlands) and from the carvical
blopsy specimen {proteinase K extraction) was amplified
from an aliquat of purified tota] DNA with the SPF10
broad-spectrum primers that amplify a 65 bp region of
the L1 gene®® The amplifiation products were
detected by a DNA enzyme immuncassay. A line probe
assay (LIPA KitHPY INNO LIPA HPV genctyping assay,
SPF-10 system version 1, Innogenetics, Gent, Belgium,
manufactured by Labo Bio-medical Products, Rijswijk,
Netherlands) detected 25 HPV genclypes (6, 11, 16, 18,
31,33, M4, 35, 5,40, 42, 43, 44, 45, 51, 52, 53. 56, 38, 59,
66, 68, 70, and 74)." Any specimen that was positive by
DNA i was tested by type-specific
HPV-16 and HPV:18 PCR. HPV-16 type-specific PCR

primers amplified a 92 bp segment of the E6/ET gene
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and HPY-18 typespecific PCR primens amplified a
126 bp segment of the L1 gene.

We definad inddent cervica] infection with HPV-16/18
g at least one positive PCR result for HPV-16 or HPV-18
during the wial, and persistent infedion with
HPV-16/18 as at least two positive HPV-DNA PCR assays
for the mme viral genotype separated by s least
6 monthe,’* HPY-DNA test results were concealed from
investigators during the study and cytaogical and
histological dingnoses were only revealed for dinkal
management purposes. Analyses Included HPV-16/18
DNA regults for cervical specimens and combined cervical
and self-obhained cervicovaginal specimens.

We callecied serum from study participants st months
0,1, 6,7, 12, and 18 for assexsment of immunogenicity.
Serological testing for antibodies v HPV-16 and
HPV-18 vires-like partiches was by BLISA. Recombinant
HPV-16 or HPV-18 viruslike particles were wed as
coating antigens for antibody detection {are wetappendix
htty:/ fimage thelancet com fextras JOdart
10103 webappendiipdf). Seropositivity was defined ar a
titre grealer than or equal to the asmy adoff tire
entablished at 8 BLISA units/mL for HPV-16and 7 ELISA
units/ml for HPV-18. Typical nutural titres were
determined by use of blood samples oblained from
women in the preceding epidemiclogy study who were
found o be seropouitive for HPV-16 or HPV-18 by ELISA.

Women recorded symptoms experienced daxring the
first 7 days giter vaccination on diary cards with a three-
grude nale of symptom intensity. Additionally, they
reported to shudy personne] by Interview all adverse evenis
within the fint 30 dayr after vaccinution. Information on
serious adverse evenits and pregrancies wa collected

throughout the study.

Statistical methods

Assuming u 6% aimulative incidence rate of both
HDPV-16 and HPV-18 type Infections over 12 months, we
estimated that 500 women per treatrnent yrovp would
provide 809 power o assess a lower limit of the 95% Cl of
the vaxine effiacy above zero. We seumed an
805 retention rate aver 18 monthe. Interim analyses for
efficacy, safety, and Immunagenicity were done for future
study planning purposes only; the O'Brien and Flaming
method wan wed o adjust the o vahae for the final
analysls affer interim analysen ocourred (overall a=0-05;
two-sided text).”

Stratified, block randomisation according o validated
algotithms was centralised with un internet mndomisa-
tion system. Stratification was according to age (15-17,
18-21, lﬂﬂ-ﬁpﬂ)anduulnn(MAmmd
Bragll). Exch vaccine dose was aitribuied a randomly
chosen number baned on specific participant information
entered into the computerised randomistion sytern by
study personnel. Treatment allocation remaina concealed
from investigators and the women participating in a long-
term follow-up study.
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The intention-to-trezt and according-to-protocol cohorts
are shown in the figure, in which the reasons for
exlusion from analynes are listed in rank order; women
who met more than one exluslon criterion were only
counted once according to the highest ranking criterion.
We refer to the sets of mrtidpants entered in the
intention-to-treat and acmedin analyses as
cohorts, altheuyh the informmtion used to restrict subject
inchation In the acronding-io-protocol was only known
after follow-up.

We did bath accordingto-protocol and intention-to-treat
analyses for efficacy, Calculation of vaccine efficacy in the
aamsding-to-protocol 18-month analyals was based on the
proportion of participanis with HPV-16/18 infection in
the vaccinated vernus phcebo groups. Vaccine efficacy was
defined as 1 minus the ralic between these two
proportions; 95% Cls mesmwed the precidion of the
efficacy estimates. p values were claulated with the two-
sided Finher's emcr tet. Comesponding rates were
expressed = the numbers of Gmes with the outcome
divided by the numbent of patidpants at risk. The
acoordingto-protocol 18-month cohort induded enrolled
wornen who received three schechiled doses of vaccine and
complied with the protocol as described in the figure.

Calculation of vaccine efficxy In the inkention-to-treat
on the Cox proportional hazard made] uaing the Bme-to-
occurrence of cases with HPV-16/18 infection in the
vaccinated vermum plxebo goups. Thin  allowed
contralling for the sxnaed persondime data in each
group. Vaccine effiacy was clailated using 1 minus the
hazard rutio and p values calulated using the log rank
test. g rule were exprexsed as the number
ofmdmﬂl:ylhlﬁlpm-ﬂm All enrofled
women who received at last one dose of vacdne or
placeho, were negative for highvisk HPV-DNA ot
month 0, and had any data ovaileble for outcome
measurement were Included in the intention-to-treat
cohort. The accordin 27-month cohort
inchuded outcomne results from the according-to-protocol
18-month cohort and results that occurred during the
extension phase (from 18 months 1o 27 montha).

Cakulation of p values for the wafety analysis was
performed using Fisher's emct lest i The
cohort for mafety analyds inchuded all enrolled women who
received at least one dose of vaccine or placebo and
complied with gpecified, minimal protocal requirements

Immunogenicity was assessed in a subset of the
according-to-protocol safety cohort, which included
women with serology results & months 0, 7, and 18.
who received all three doses of study vaccine or placebo
according o schedule, complled with the blood
sampling schedule, and dié not becorive positive for
HPV-16/18-DNA during the trial (figure).
Seropositivity mtes between the vaccine and placebo
groups were compared with Fisher's oxmct test
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Results

Based on the estimaie of appropriale study mmple size,
1113 women were enrolled and randomised We
administeved the study vaccine to 560 women and the
placcho to 553 women (figure). The mverage age of
enrolled women was 20 years (8D 3). The demographic
characterigtics were similar between the vaccine and
phaabo groups in North America and Brazll {table 1:
webtable 1 at hitp://image theluncet.com fextras dart
10103webtable1.pdf). We noted similar patterns of risk
faciom for HPV aqulsition among wornen in each
treatment group: abow half of the women were current
svokers, a large proportion had between two and five
previous sexual partners, and most began semzl activity
between 15 yeurs and 19 years of age (see webtable 2 at
m:”im.mhnmmmmmwn

Sh.dycnmﬁmilduninhhhzmm
reasons for elimination from acconding-to-protacal

efficacy amalysis were sbnormal cytology, high-risk HPV
DNA povitivity, or seropositivity for HPV-16 or HPV-18ut
ensolment: followed by non-compliance with the vaccine
schedule and dropout from the study up tv month 18
(figure, table 2), 958 women 5%} completed the Initial
phase to month 18, with similar propottions of women
from the vacxine and placebo dropping out of the study
{table 2).

Analyses t ossess our primary cbjective showed
signifiant vacdne efficcy against incident HFV-16 and
HPV-16/18 Infections (mble 3}. In the acconding-to-
protoco] 18-month ohort, vaccine efficicy against
incident HPV-1# infection was not utatistically significant:
however, in the Intention-to-treat cohort, vacdine effiacy
was significant {analysis of cervical sumples anly).

We noted 100% vacine efficacy in the according-o-
protocol cohorts wpinst persistent HPV-16 and HPY-
16/18 infectiony detected in both cervical and combined
cervical and cervicovaginal samples (table 4). ARhough no

Wy reowspimentie) Vi gevy Fcshe grasp imeimyincy 9
Coinm Ry ] ale

ATP eabort tuucxing o366, placoln 395

Canicel wapiey % ] L] [ ] 7 un 100 HP-0-200) oqw
1B '] ] [ ] ] oo N -
na 13 [ ] o 7 o 100% (01003 oo

Combingd wrvicosagingl ond covical gl 18 - ] oo 13 n 100% (15-100) ooN02
] T [ ] oo 4 obs 10t (7 2-100) [ ]
1wha 7 ] o0 15 4m 100% (758-200) 50001

T cohat {vaccing seS60, placshe 553

Conlas) arwplen o z 1 o1% 1% »n D-I8) ouont
ua 7 [} [ .} 5 [ 100% Q4100 [
e 4 1 oln n s 51463597 «»0003

Combinad orvivessgiasl and omviilsnples 16 2 4 om as m 5% 552046 Hgn
' ] » 3 [ L] 11 4 NIs010-984) [ ]
W ] 4 o5 n 4% &5u (646-954) o0

Sen hink i for v slculatlnas ol wirtioe officary, cnapueliog qee, il peshen. b oot IFTednguntion: i Dt AT Pasronniing-40-yestoral, HPV-3078 efers Lo two o moe isstamves of WY 1bes PV

TRinfarsion of comiriand it wyiniied of othey HPY type o  siiskiens parivl of £ i, SC-ro0iney mpmted veftine flcicy S0t estimated

bl 4 Yaccies sMicacy for pendstent V1610 Infctions

wwwshgoncatcom Vol 354 Movernher 13, 2004 1761

INEDOGD: SF______ TAmEA_|>

141



crnlral mpm: MPY-15 efary to 1 be

WPV igpe amuciphed with BASCOUS  Yacting geup(ne 5500 Plazniyy griag (m=353) Yazimeficey 0500 9

s Eplandks Rain [ Ephodes Rate
% 1 1 oln » 3n S0 ii40-8-4 «Qoam
u 1 1 o 1 N 91.2% 117-3849) [ -
W 2 k| [ L] n +m 244 700-980) 00001

oot Moty for calralatTony OF watrias iGICy. CoMipuesog i, aacpwakues ITTxintrabion-1o-Dat HPY 16TS nefers 10 lomanrus of HIY- 3 paor HPY- v snglver romberst infactoe 28 thy tr of sheormepl

of -1k mppert

ool sk huper HV Rpput, Poariprat el HPY- 11 e 0wy phy e o MV 18 sy Loony 6 atonr HIPY s, prrerl. WASICLS it it wetsorn sl b
-1 manistad ASCLIS, LS., or HEA rytolony mymts. | pvadies -nusnies of tises st cytology wan deies il Lasesnurmber of women,

Table 5: Vaccing oficaty in praventing otologlonl sbrowmalithes sesochtad with HPV-16/18 infction (ntantion-to-trast cohort)

persitent HPV.18 infections were detected in cervical
marrrples from the according-to-proinco] 18-month whort,
signifiant wacxine effiaxy against pessistent HPV-18
infection was shown in the 27-month cobort for combined
cervical and cervicoveginal samples.  Additionally,
signifiamt vexine efficacy against persistent HPV-16 and
HPV-15/18 infections was nated in the intention.1-treat
cohort in amiyes of cervical samples only and of
combined cervical and cervianvaginal samples.

An shown in able 5, 27 women in the placeho group and
two in the vaxine yroup had HPV-16 andfor HPV-18
asnociated cytlogical ubnormalities (varcine group: ane
woman with ASCUS, and one with LSIL]. 15 ASCUS,

14 LSIL, and one HSIL were reported in the placebo group
and one ASCUS, two LSIL, and no HSIL in the vacclne
group. Vaccine efficacy in the acconding4o-proincol cchert
was 93 5% (95% C! 51.3-99- 1; p=0-0002).

We abo nswexsed women with hi Ty confirmed
CIN 1 or 1 lenions, with HPV-16 or HPV-18 infiction
detected in the cytology specimen before colpascopy.
Overall, seven women {slx in the placebo group and one in
the vaccine group), deveioped thewe lesions {able 6).

One woman in the vacine group firt tested positive for
HPV-51 and HPV-56 at month 9. Her cytnlogy specimen
at month 12 weeed positive for HPV types 18, 51, and 56.
The CIN 1 lesion found in the colposcopically-directed
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biopsy contained only HPVS1, and not HIV-18.
Subsequent HPV tmding showed perslstent HPV.51 Yok gmp (e ko group (338 Ll
through month 21 therefore, the lesion was finally judged | Temsiem oo o o
to be associnted with HPV-51. —— num) e ot
Three women whommphbdmluﬂllcm 1:al injaction she pyagteeet
had ASCUS or LSIL cytoloyy and a pattern of persistent | Pon A6EHY Wl o008
HPV-16 Infection. HPV-16 was detected in the Jesions of | =4 refer i fhepabind o
all three women. Two women remained HPY-16 positive | o0 repiuing orETy 00004
after blopay and the third woman had 2 persistent HPYSR |  Geneot pssptusmt
infection in addition to pemistent HPV-16 infection, Fasigue 38 (580m) W5 o175
Consensus diagnosls confirmed CIN 2 diagnoss in | S ot i e b
three other women In the placebo group with preeding | iy 130 045m) M3y 206
ASCUS, LSIL, and HSIL gytologiaal abnonmalitier. In | = Sapm) s4coow) o5
exh case, HPV-16 wan detecied in all lesions and | ised wrepecmmf m{266m) 73uzn) ¢1n
persistent HPV-16 Infections preceded the lesions. ‘Mm Sl a2y AR s naso
No sericus adverse events related to vacimition | peproredasmesceet  © 3D 038
occurred 1n elther vacine or placebo groups, The vaccine | Dua o mriout advens svant 101 ] o7
group had more injection site symptoms (pain, rwelling,
redness) than the placebo group (table 7: overall Injection | s s e s e e e oo e o oy o cri Ry
nite symptoms 5+99 difference between proparticns, 95% | pwiodiaso:0-271 tpaiipasty whe mponed a wuriied wagme mihe 7 dus of wirring iretion, Wt iripeaty who
Cl 2.1-10-1, Fisher's eact test), but these symploms “"‘f:‘“':“w*""‘hww'dw'm”
tended to be transient and mikl The differnce in
incidence of injection site reactions between the groups | Telle7:Adverss events after any vacrion duse inamonding- so-proeocol cohort for safety

had no effect on compliance with completion of the
vacxination course {able 2. The general sympiome of
Gatigue, gustrointestinal comphints, headache, ixching,
and rash were equally common in both the vaccine and
placebo groups. Three women in the placeho group
dropped out because of nen-serious adverse events; ane
wornan in the varrine group dropped out because of a
sevious adverse event (spontanecus abortion) that was nat
related to vaccination (figure, table 7).

Among the vacxinated women in the accodingio-
protocol cobort from month 0 to month 7, 100%
seroconveried o HPV-iSpositive and 99-79% rero-
converted to HPV-18-paslive after three doses of vaccine
(able 8). By 18 months, 100% of the women had
seroconverted for both HPV-16 and HPV-18. Comparison
of GMT» at month 7 between vaccine and placebo groups
for each antibody type was significant {p<h-0001).

Geometric mean ttren for naturally occurring
infections were 50 BLISA unitn/mlL (SD 0.5, 95% CI
40.9-60-4) for antibodies aguinst HPV-16 and
41 BLISA units/mL (0-5, 34.2-49.0) for antibodles
against HPV-18. Geometric mean titres for vacdne-
induced antibodies to HPY antibodies were over B0and
100 times greater than thoze seen in natural infecions
with HPV-18 and HPV-16, respectively. Vaccine-
induced fitres renwined substantlally raiged st
18 montha, and were still 10-16 times higher than
those seen in women with natural HPV-16 or HPV-1R
Infections, respectively.

Discussion
The results of this tial show that the bivalent

HPV.16/18 viruslike partide vaccine was highly
efficacious In preventing incident and pervistent

wonthelanort com Vol 354 Nowesnber 13, 2004
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HPY-16/18 infection in fully vaccinated healthy youny
women. The vaccine was also highly effiacious in the
broader group of women, including thase who did not
fully comply with the protocol.

The incidence of HPY-16 infixtion in the placebo group
was sufficient to detect significant differences compared
with the vacdne wrm in all cohorin. However, the
incidence of HPV-18 was much Tower, an noted In other
shudien® Nonetheless, signifiant reults for vacdne
efficacy apainat HPV-18 were obtained in the intention4o-
et cohort, where there were sufficient numbers of
evenix for analysin. We condude that the bivalent vaccine
shows high efficacy agminst both incident and persistent
HPV-16 and HPV-18 infectians.

Incdident HPV infection was common in young women
in this study, as noted In previom cohort studien”
Becruze we wed two PCR methods (braad-primer testing
and esting) designed for maximum
senyitivity to detect HPV-16/18, muuylm&ntml'dlxu
were detected anly on ane occasion, particubarly in
cervicovaginal ammplen. It is Hiely that this single
Emepoint detection representn the presence of very smuall
amounts of HPV DNA, porsibly & 2 remult of HPV
presence not related to active Infection or very lowgrade
transient infection.®

We provide evidence for the clase relation between the
development of persistert HPV infection and the
concomnitant t of ical abnorrnalities,
followed by the detection of CIN from biopsy. These
remully are constent with these of previous
epidemivlogical cohort studies of the mitural hisiory of
HPV Infection. Cormpared with the subjective readings of
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and cervical , detection of
peralstent infection with a type-specific HPY is a reliable
endpoint with high reproducibility.”™ Previous studies have
established the role of persistent HPV infection as the
necesmary caupe of cervial cncer. Cur data lend mpport
to the condusion that persistent type-specific Infection
with HPVY over 6-12 months should be a recommended
endpolnt for vaccine effiacy triaks.~

Taken together, our dita provide compelling evidence
that this HPV-16/18 vaccine i highly efficacious agairst
persistent HPV-16/18 cervial infection, cyilogical
abmormalitles aspociated with HPV:16/18, and
histological development of HPV-16/18-amociated CIN.
However, a limitation to cur sudy was that It was not
powered to estimate effiacy for histopathologically
confirmed cervical lenion.

We hive shown that the HPV-16/18 vinx-like particle
vaccine adjuvanted with ASO4 inchuces a level of aniibody
production against HPV-16/18 that Is much higher than
that Induced by matup] infecion. Previous work han
shown that combinations of the adjuvants MPL and
aluminum salis induoe an enhanced immune response
campared with antigen alone or adjuvanied with only
aluminum, at both the humoral and cellnker level ™%
These findings suggest that the immune responses
jnduced In voccinated women may provide a longer
by nutaral HPV infection: however, a protective antibody
level has not been established nor is there suffident data
currently available to entimaie the duration of vaccine-
induced protection,

In this trial, the bivalent HPY-16/18 vaccine appeared to
be safe and well tolerated. No sevious vaccine-related
adverse events were reported. Neither ol nor general
vaxine related sympooms affected owersll subject
compliance. Greater local rexction ratex were abserved in
the vaccine group, taut gemersl symplom mhes were
equivalent o placebo, The ASO4 adjuvant has been used in
other vaccine studies and found 1o be generally safe and
well tolerated ¥

AT >

Our findings indice that the vaccine could contribute
substantially to reducing worldwide rates of aervial
cancer. However, large-scale trials with lang-term follow-
up &re needed W extend our findings and confirm that

Mathematical modelling predicts that a prophylctic
vaccine programme, directed at young adolescent women,
in likely 0 be comteffective in both soeened and
unscreened popubitions, with important longierm
implications for cervial cancer prevention, especially in
countries where screening s limited or unavaflshle ™
Additions] benefits could come from vaodination of older
women. In countriex with opportunistic or arganised
screening programmes, the high vaccine effieacy in
preventing cytologicil abnarmalities associated with HPY-
16/18 shown the patential o reduce the number of wornen
recelving additisnal oytology or colposcopy, theveby
reducing the cost of medical treatments axsociated with
cervical screening proyrammen. In the USA, these
preventable couts are estimated at several bilion dollars
per year.®

Further siudies are in progress o provide additional
information o enable the effective implementation of
HPV vaccination as a public heakth measure aimed at
reducing the ylobal burden of cervical cancer.
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Pr phylactic quadrivalent human papillomavirus (types 6,
11, 16, and 18) L1 virus-like particle vaccine in young

w men: a randomised double-blind placebo-controlled
multicentre phase Il efficacy trial

Luza L Vi, Rongldo L & Coste, Carkw A Pette, Bovines P Andrade, Knin A Aute, Anna R Gsione, Coactte M Wheslrr, Laia A Kevesky,
Chiritiner Malm, Mattr Lehtinen. Finn Egit Stikdsstad, Swen-Eric Olsson, Margareva Steinwall, Ligsyon B Brown, Koberr | Kumipn,

Brigette M Roneet, Mok H Stoker, Alex feeonzy, Diene M Harper. Gretchen M Tarnmes, frury Yo, List Lvpmawd, Rndha Relkar, Frard: | Jadden,
Fathrin Ujansen, Mark TEver, Neather L S, Affred | Sugh, EBavBar

Summa
wm?dhmwwﬁmuﬂdyuhﬁhmhﬁﬂqd:

prophylactic quadrivalent vaccioe bageting the Inman papiflomavirus (HPV) lypes associated with 70% of cervical
cancers (types 16 and 15) and with 90% of genltal wasts {types 6 and 11).

Methods 277 young women {mean age 20-2 yeurs [SD 1-7]) were randomly assigned to quadrivalent HPY @0 pg
type 6, 40 pg type 11, 40 pg type 16, and 20 pg type 18) L1 virus-Hke-partice (VLP) vaccine and 275 (meam age
20-0 years [1-7]) to ane of two placebo preparations ai day 1, month 2, and meonth 6. For 36 months, participants
underwent regular gynaecological emminatons, aavicovaginal sampling for HPV DNA, testing for serum
antibodies to HPV, and Pap festing. The primary endpolnt was the combined incidence of Infection with HFV 6, 11,
16, or 18, o cexvical or extermal genital disease: (ie, persistent HPV Infection, HPV delection at the last recorded visit,
caxvical intraepithelial nenplasis, cervical camcer, u‘uhulplhllmmaudirﬂnl-!“lnuhthmq

Main analyses were dope per potocdl.

Findings Combined incidenre of peristent infection or disease whth HPV 6, 11, 16, or 18 fill by 50% (95% CI 71-97,
p<0-0001) {n those agsigned vaccdine compared with those assigned placebo.

interpretation A vaccine targeting HPV types 6, 11, 16, 18 could submantially reduce the acquisition of infection and

dinical disease caused by conmnon HFV types.

Introduction

Up b 70% of sexually uctive women will become
infected with human papiTiomaviru (HPV) during their
lifetime.' HPV infection caunes abont 470000 cases of
cervicul cancer per year.! Although most cases of cevvical
ancer arise in the developing world where organised
acreening proyrammey with the Pap test have not been
implemented. about 35 U00 women die from thin dicease
every yeur in the USA and Enrope! Even though
screening reduces the risk of vervial aancer, it doer not
prevent HPV infection or development of precancerous
leslons,’ which need careful follow-up and often need
excision.' Moreover, HPV infections that manifest as
genital warty arise in 1-2% of young adulty,* for which
ireatment ls expensive and painful, and recurrences are
common.* A diagnasls of genital warts might also cause
wexual dysfunction and emotional disruption.”

More than 35 types of HPV Infect the genital tract.* Of
these, types 16 and 18 cause about 70% of cervical cancer
and high-grade cervical intraepithelial neoplasia (CIN):'
HEY 6 and 11 cause 903 of anogemital warts*
A prophylactic vaccine that rgets these types should
thus substantially reduce the burden of HPV-ussociated
clinical diseases.

hisptioncology. thalencst com Va6 Mey 2005
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HPV is a nonenveloped, encapsulated, double-
stranded DNA vinm.' Expression of the L1 proteln in
heterologous systems (g, yeamt cells) generates non-
infectious viruslike-particles (VLP) that resemble HPY
virions." In a plxcebo-controlled study,™® a yeust-producad
HPV 16 L1 VLP vaccine waz 10096 efficacious in
prevention of CGIN cused by HPV 16 infection
17 months after vaccination m women who were HPY
16 nalve at the time of wccination, and resulix from
studleg™™ have also shown HPV 11 or 18 L1 VLP
vacxines o be highly Immunogenic. These tials thus
served as the basin for assesament of a quudrivalent HPY
vaccine that targets HPY 6, 11, 16, and 18,

Methods

Study design .

A phare Il randomised, multicentre, double-blind
placebo-controlled sudy of a quadrivalent HPV (type 6,
11, 18, and 18) L1 VLP vaccine wan done in two parts.
Part A was a sequential dose-escalation safety assess-
ment, in which participants, investigatars, and staff were
blinded as to assignment of vaccine or placebo, but not
to nasignment of dogex in the active-treatment group,
Part B was a fully blinded dose-ranging assessment of
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immunogenicity and efficacy. Swdy procedures for
individuals in part A and part B were [dentical. The

" results presented in this article are from part B.

1158 women aged 16-23 years were recrulbed In
Brazil, Burope. and the USA. The study enrolled heulthy
women, who were not pregnant, had no previows
abnormal Pap smear, and reported a Iifetime histery of
four or fewer male rex partmers. Enrolment of virgina
was restricted to women who were 18 years or older and
who were meeling contraception, This study did not
exclude women with previous HPY imfection.
Participants were required to use effective contraception
during the trigl.

The active quadrivalent vaccine was a mixture of four
recombinant HPY type-specific VLPs (Merck Reseurch
Laborutories, West Point, PA, USA| consisting of the L)
major cepaid proteins of HPV 6, 11, 16, and 18 synthe-
nised In Saccharomyces cereviniag, ®** The four VLP types
were purified and adsorbed onto amorphou aluminium
hydroxyphosphate  sulfate adjuvant. The placsho
consisted of the mame adjuvant and was vimmlly
ind!stinguishable from vaccine.

Three preparations of » quadrivalent HPY types 6, 11,
16, and 18 L1 VLP were used. The three preparations
ware: 20 pg type 6, 40 ug type 11, 40 ug type 16, and
20 pg type 18, with 225 pg aluminium adjuvant: 40 ug
type 6, 40 g type 11, 40 ug type 16, and 40 pg type 18,
with 225 pg aluminium adjuvant; and 80 pg type 6,
B0 pg type 11, 40 py type 16, and 80 pg type 18, with

395 pg aluminium adjuvant. The study had two placebo
groups with adjuvant doges of 225 pg or 450 pg for
appropriate aafety comparisons,

0-5 mL vaccine ar placebo was given by Intramuscular
Injection at day 1, month 2, and month 6. After
vaccination, participants were obwerved for 30 min.
Temperatures were also reconded orally every day in the
evening for 5 days after vacination, and the participant
noted adverse events by standard diary card for 14 days
after vaccination.

Gynasecological examination was done at duy 1 and at
months 7, 12, 24, and 36. A ThinPrep™ Pap test (Cytyc,
Boxberough, MA, USA) ad external genital, kateral
vaginal, and cervical swals for PCR analys of HPV
were obtained from all participants at day 1 and at
months 7, 12, 18, 24, 30, and 36 Biopsy wamples of
external genital lesions identified during the study were
taken. and serum samples were obtained at day 1 and
months 2, 3, 6, 7, 12, 18, 24, 30, and 36.

This study was done in accordance with natlonal or
local requirements for ethic-commiltee review,
informed consent, and other statutes or regulations
regarding the protection of the rights and welfare of
those partidpating I blamedical research. All
individuals, or their parents or leyal guardlans, gave
written informed conzent after review of the protocol
procedures.

The aim of the study was to assexs 2 quadrivalent HPY
L1 VLP waccine in.terws of the composite primary
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endpoint of persisient infection associuted with HPV 6,
11, 16. or 18, or cervial or external genital disease
compared with placebo. Women with persisent
infection were defined as those who had the mame
vaccine-HPV4iype DNA in cervicovaginal samples
cbiained 7 nionths after vaccination as those obtalned
from two or more consecutive visits (required to be
4 months or longer apart unless at least one timue
sample was disgnoned as cervical disease by a panel of
pathologists), or an these who had vaccine-HPViype
DNA detecied in a sample recorded during the lant visit
before being lost to foflow-up. HPV-associated disease
was defined as @ tssue mmple disgnosed as CIN bya
panel of pathalogists 7 monthy after vaccination; vulval
intraepithelial neoplasla; vaginal intraepithelial
neoplasla; external geniial warts: or cervical, vulval, or
vaginal cancer with vaccine-HPV-type DNA detected in
tissue from, or in a swab of, the same lesion and in
cervicovaginal samples obtained at the visit before the
blopay vixit.

analyses
All Pap tests and histolagical ausessment were done in
the setting of the study. Pap texts were reported in
sccordance with the Bethesda 2001 Systermn.” Women
underwent colpowcopy If they were dlagnased with

atypical squamous cells, in which high-grade squamous
epithelial lesions could not be exiuded: lowyrade

squamous intraepithelial lesions; high-gmde squamous
intraepithelial lesions; or atypical glandubar cella. After
the release of the Americun Soclety for Colposcopy and
Cervical Pathology Biopsy Guidelines for management
of aypical equamows cels of undetermined
importance, the protoco] was modified ro that residual
Rquid from these Pap tents was amalyned by Hybrid
Capture (1™ (Digene, Gaithersburg, MD, USA) trsting.
Palients with a result on either low-rink or high-
risk HPV probes underwent colponcopy.

All partidipants had colposcopy al the end of the study.
At cotposcopy, biopsy samples of discrete sbnormallties
were taken with separate instrumentn and were
proceszed separately for hisopathological analysis to
avold HPV contamination. A sample of the same lesion
of a samplk adjacent to the biopried lesion wan
mubmitted for HPV typing. Blopsy wmples were
processed and read by a central kboratory {Diagnostic
Cytology Laboratories, Indianapelis, IN, USA) for
medical management. Endpoint amsignment was done
by use of conmensus di from a panel of
pathologists (RJK, MHS, BMR, and AF) who were
blinded to centrabhboratory dlsgnomes, treatment
group, and HPV stahm.™
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Swabe, biopey samples and, luer, thin thue sections
cut adjacent to sections uaed for hi ical analysls
were umed to detect HPY DNA with primens spexific for
HPV §, 11, 16, or 18. Serum concentrations of antibodies
to HPV 6, 11, 16 and 18 were memured with a
competitive Immunoassay (Luminex Corporation, Austin,
TX., USA)®™ Antibody tirem were determined
In a competitive format—ie, known, type-spexific phyco-
erythrin-labelled, neutralising anuibodies™ compete with
serum antibodies from the partidpant for binding to
conformationally sensitive, neutralicing ephopes on VLPs.

To define the serostatur cutofT (i, the lowext leve] of
the amsay's quantifisble range that an be relinbly
distinguizhed from negative s.r:glesi, positivity rates for
about 500 samples were anewed i 11 ootolls
from 8 MU/L to 48 MU/L in increments of 4 MUJL
Belore testing, serum samples were dasgified into panelx
acxording to their pohentia] for being a true pasitive on
the baals of clinical history and PCR reults. Sevostatus
cutofl was then selected as the lowst titre so that all, or
nearly all, known PCR-negalive samphs snd tileely
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negative samples yiekded negative results. Diltion-
corrected serostatus culofis were 20 MU/L far HPY type
6, 16 MUJL for type 11, 20 MU/L for type 16 and
24 MU/L for type 18. The dilution-corrected Bmits of
depection were 4.1 MU/L for type 6, 3-0 MU/L for type
11, 10-2 MU/L for type 16, and 2-9 MU/L for type 18,

Statistical analysis .

Randomisation schedules were computer generated by
use of a blockiny factor of eight. Subjects were alloced in
a 22:2:1:1 mtio to: HPV type 6, 11, 16, and 18 st dowes of
20, 40, 40, and 20 py, respectively, doses of 40, 40, 40,
40 pg, respectively, or dores of 80, S0, 40, 00 pg
respectively of quadrivalent L1 VLP vaccine: or to phacebo
with 225 pg or 450 pg of amorphous aluminium
hydreoyphonphate sulfute adjuvant, respectively.

Primary efficacy analyses were done in the HPV §/11,
16, and 13 per-protocol efficacy cohorts, which conisted
of women who were naive for the relevant HPYV type &t
enrolment, remained free of infectian with the ame
vaccine HPY type through completion of the waccination
regimen, had all three doses of vaccine or placebo, and
did not violate the protocol. Efficacy cases were counted
starting after manth 7.

To test the efficacy of the 20, 40, 40, 20 py dowe againgt
persistent infection or dixease assoclated with HPV 6, 11,
16. or 18, a one-sided tewt of the null hypothesis that the
vaccine efficacy was O versus the hypothesis that vaccine
efficacy was more than 0 at the a=0-025 leve] wes denes
p vahues were not sdjused for rmultiple hypothesix teting,
Thus, rejection of the nul] hypothesis required the lower
bound of the two-sided 95% Cl for vaccine efficacy o
excead 0%. An exact conditional procedure wus used to
amems vacine efficary with the asmmption thu the
numbers of casex in the vacxine and placebo proups are
independent Poispon random warisbles ™ |ndividhal
follow-up was akulated as the number of parvon-yesrs
between the specified sarting time and the final visitdabe,
the date the became a case (i, developed an
endpoint), or thedate the participant underwent definitive
treatment jcervical endpoints only). If s woman dewloped
more than one endpoint, her date of becoming a case was
the date when the Erst endpoint was detected.

Overull, 20 women with the composite endpaint of
persistent infection or diseases associated with the
vaccine HPV types were needed for the mudy to tave
89-8% power to declare the vaccine eff-ulom with a
two-gided a=0:05, assuming a true vau . efficecy of
80%. Therefore, enrolment of abaut 25¢(. vaticimanis in
the placebo group and in the low-dose vaccine group was
needed.

Secondary analynes were done for a modified intention-
to-trest population that incuded all participanis whe were
naive (ie, ronegative and PCR negative) 1o the revant
HPYV type at enrolment and who had had ar lesst one
waccination, Efficacy cases in this populstion were counted
from day 30. Immunogenicity was measured in a per-

Wtplioncingy.thaloncetan Yelé Sy 2005
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profocol immunogenicity cohort, defined as members of
the per-protecol efficacy cohart who were vaodmnated and
specified ime frames, imespective of HPV infection or
dineage staius after month 7. This study presents the
efficacy, immunogenicity, and talerability of this low-dose
vaccine compared with the pooled phoeho group. This
low.dose varcine was chosen e phase 111 stdies,

Rola of the funding source

Sponsor staff and clinical-site investigmtors dexigned the
study. Spongor saff were ruponllhle for feld
maniloring, data entry, data review (inchding Integrity
and consistency checks), testing of clinical samples for
HPV DNAlnd HPV immune responses, and analysis of
data. All authors provided imput into Interpretation of
the data, and writing and revising of the repost The
correxponding author had full acoess to the daka and
had final rewponsibllity for the decision b submit
for publication.

Resui

277 women were randomly amsigned o quadrivalent
HPV (lypes &, 11, 16, and 18) L1 VLP vaccine 20, 40, 40,
2 pg, respectively) and 275 to placebo (figure 1). 431
{78%} were Included in the per-protocol effieacy analyset
fx HPV types 611, 404 (73%) for type 16, and 456
{3%) for type 18 (tmble 1, figure 1). 275 (99%) women
assigned low-dose vaccine and 275 (100%) asigned
placebo were Included in the safety analyses, The main
reasons for exclusion from the per-protocol cohort were
seropositivily to a vaccine HPV type at day 1 or presence
of HPV §, 11, 16, or 18 DNA before completion of the
vaccination regimen. The HPV 6f11, 16, and 18
modified Iintentlon-to-treat cohorts included 493, 465,
and 521 women, respectively,
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Table 2 shows participants’ baweline characteristion of
the HPVY vaccine and placebo cohons. Characteristics of
the modified intention-to-treat and per-protocol efficacy
populations were much the same as those of the overall
study cohort (data not shown).

The main efficacy analyses were done In the per-
protocol efficacy cohort (table 3). Over the 30 months’
follow-up after vaccination, combined incidence of
persistent HPV 6, 11, 16, or 18 infection or associated
genltal disease decreused by 905 (95% Cl 71-97) in
women ussigned vaccine cormpared with those assigned
placebo (table 3). Of the 40 primary HPV endpoim
caues, 13 were from detection of HPV 6, 11, 16, or 18
DNA on samples obtalned at the last visit of record
{three In the vaccination group [all at month 36] and ten
in the placebo group [eight of ten at month 3). HPV
16 DNA was detected In three women In the vaccine
group at the last recorded visit, and one woman had
verified, persistent HPV 18 infection detected at
months 12 and 18 only. In the modified Intention-to-
treat cohort, the efficacy of the vaccine with regard to
the primary endpoint wax 899 (95% Cl 73-96,
P<0-0001: tble 4).

Findings from interim immunogenicity analylll
showed the lowest dose varcne induced
antibody responses to HPV &, 11, 16, or 18 that were
much the same as those of the intermediate-dose and
highdose preparations® The combined Incidence of
persistent infection with HPY 6 11, 16, or 18 or
amociated genital disesse did not differ between the
high-dose, intermediate.-dose, or low-dose groups
{incidence per 100 women-years at risk 0-7, 1-3, and
0-5, respectively). Vaccine efficacy “with regard
to the composite nt of infection or diseaxe
amoclated with HPV 6, 11, 16, or 18 for the three doses
poaled (n=701) was 88% (95% C| 76-94). )
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Vaccine-induoad immune responses were sswesend In
the HPV 6 and 11, HPV 16, and HPV 18 perprotoal
immunogenicity cohorts, which included 208, 194,
and 219 women assipned vaccine, rewpectively, Concen-
trations of antibodies to HPV axsociated with protection
from Infection have nat been defined® The lmmune
response to the vaxine wus cheervationally compered
with the serum antibody concentrations to HPYV in those
amigned placebo who had beem infected with vacrcine
HPV types, had subsequently mounted an immune
response, and had apparently deared infiction before
enrolment (ie, who were seropositive and PCR negative
for the relevant HPV type at enrolment). In those sesigned
phoeba, ic mean titre of antibodies w» HIV
remained constant throughout the 3 years of the study.

All women sssigned active vaccine In the perprotocol
immunogenidty cohorts detectable antibody
responises to HPV 6, 11, 16, and 18 at completion of the
vactine regimen (ie, month 7). Vaccinednduced
geometric mean titres of antibodies were substantially
higher in women amigned active vicxine than In thone
amigned phxebo who had & previous history of natural
HPYV infection {table’S). Although mean antibody titres In
those senigned quadrivalent HPY L1 VLP vaccine started
w decline after month 7 {data not shown), at month 36
they remained at or above the titres recorded for wamen
who hed an immune response, presumably ssnociated
with clearance of HPV infection. Of women who had a
valid imrnuncasszy resul at month 16, 173 (94¢) ol 184

were sergpasitive for HPY type 6, 176 (36%) of 184 for
type 11, a1 177 for type 16. and 149 (76%) of 196 for ype
18. Furthermore, antibody titres for 174 B9%) of the
196 women pouitive for HPV 18 were shove the assy's
Tower limit of quantification. Analyses of antibody titres in
four women assigned quadrivalent vaccine who
developed persistent HPV 18 infection or who weve
detected with HPY 16 DNA at one visit before lom to
follow-up were nom-informative because they developed
robust antibody responses at month 7. However, anthody
titres to HPV 18 after manth 7 for the participant who had
pemiient infection with HPV 18 were alightly lower than
for most of those who were allocated active vaceine,

‘The low-doge HPV vaceine was genenlly well mlersted
(r-ible 6). Adverse eventx at the injection site were higher
11 women allocated active vaccine than in those allocated
placebo. Pain was the most common Injection-site
adverse event and headache the most cmmon systemic
adverse event. Most (94%6) adverse events sere of mild
or moderate Intensity. Only one patient (In the phcebo
group) discontinued treatment, because of hypo-
aenthestu thought net to be caused by the placebo, There
were no vaccine-related serfoun adverse events, Nelther
intermediate-dose nor the high-dose quedrivalent HPY
vaccine was exclhuded from assessment in phase 11 triaks
on the basls of an unacceptable safety profile. However,
a nwodest Increase (from 3% to 6%) in injection-ste
adverse evenis was recorded with the higher doses
(data not shown).
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We have shown that a multivalent vaccine is efficacious
aguinst HPV types that cause cancer and genital warts.
Over 35 months’ follow-up, incidence of persistent
infection associated with HPY 6, 11, 16, or 18 decreased
by 89% in women allocated active vaccine who had at
least one dose (ie. the modified intentionio-treat
populition) compared with those allocated placebo.
Vaccine efficacy was 909 in the per-protocol efficacy
population, suggesting that the vacrine was protective
even during the vaccination period. For exmmple, during
the course of vaccination (day 1 through month 7), three
wornen aasigned active vaccine and five women assigned
placebo were detected with HPV 18 DNA. Of these, only
one wan verifiable persistent infection (in the placebo
group). Thus, one woman allocated placsbo and no
wormnen allocated active vaccine developed persistent
HPV 18 infection during the vaccination period
Furthermore, with regard to cinical diseuse
asnociated with HPV 6, 11, 16, or 18 was 100%.

This study was not originally powered to amems
vaccine efficacy for the disease endpoinin or for each
HPV type separately. However, the fact that all three
womnen with external genital lesions and all three with
CIN were in the placebo group is encouraging in terms
of protection ageinst these disesse endpoints. Aralysis
of the incidence of the nuin efficacy endpoint in the two
higher-dose groups supported the decision to select the
low dors of quadrivalent HPV L1 VLP veccine ax the
final dose for assessment In the phase 111 programme.

The quadrivalent HPVY vaccine was highly immuno-
genic. All women allocated active vaccine developed
higher detectable antibady responses to HPV at month 7
than did those allocated placebo who had natural
infecion and who remained at higher or similar
antibody titres throughaout the study. Because women
are at rfisk of HPV infection for as long as they are
sexually active, protection induced by a HPV vaccine
must be longlived. At month 36, more than 943% of
women were seroposilive for HPV 6, 11, and 16: fewer
(76%) women had antibody responses against HPY 18 at
manth 36, although 8996 had aniibody titres for HPV 18
shova the assay's lower limit of quantification. Langer
follow-up studies will be needed to assens the duration of
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effiacy of thia quadrivelent HPV vaxine, ad b
determine whether booster doses will be needed.

Results from a previous sudy”® found that a prototype
yeast-produced HPV 16 L1 VLP vaccine given o women
who were HPV 16-negative prevented acquisition of HPY
16 infeciion and associated CIN.¥ A bivalent HPFY 16/18
vaccine prepared with AS04 adjuvant was efficacdous in
preventing persistent Iinfections and associated cervical
abnormalities over a 17-month period.®

In the developed world, full i jon of cervical-
cancer acreening has substantially shifted the burden of
HPYV infiction from cerviclanoy moralty o
management of precancerous lesions. In these countries,
in sddition to further reduction in the incidence of
cervical cncer, universal HPV vaxination might
decrease the medical, and economic aosts
assoclated with ma t of abnormalities detecied by
Pap testing and CIN. Inchusion of HPV 6 and 11 ina
vaxxine could diminish the incidence of genital warts and
low-grade CIN that are prognostically benign, costly,® snd
disruptive pepchologically’ In developing countries that
have not inplemented screening progmammes for cervical
cancer, the effect of a drop In rates of cervicil cancer after
jmplementation of univensal HPV vaccination could be
substantia). However, mxch implermentation will need
definition of the vaccine’s effect on public health, cost-
effectiveness, the optimum sge for vaccination, and the
duration of .

Univermal HPV vaccination might be most effective
when implemented in 10-13 year olds, who are lkely to
be HPV negative.”-* The expectation ihat the vaccine will
reduce cevvicalancer ruies, the fact that HPV Infection
affects most women, and the lack of an effective means to
prevent HPV infection in senully active pecple lend
suppont to the vaccination of preadolencents. The benefit
aof vaccination against oncogenic HPV types 16 and 18 i
likely to be negligible in heterosexual men beause they
rarely develop HPV-amsociated genital cancers, However,
n vaxxine against the non-oncogenic HPV types 6and 11
coukd be considered in the prophylaxis of genital warty in
men and in women. .

This study has shown that a candidate HPV 6, 11, 16,
and 18 vacrine was generally well tolerated, induced
high-itres of serum antibodies to HPV types, and
effectively prevented acquisition of infection and dinical
diseage caused by cxnmon HPV types. Lampescale
studies are under way.
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ombiped inio & multilant caccine for s ! iriels; this
vaccine ks known s MEDHST?. Pimse I trials of MEDI-517 were
fwiticted by Jansmry 2000 and are currently enigaing.

introduction
Cancer of the uterine ceyvix {s the third most common cncer

penlle and anel eancer). Other types of HPV, in
particalar HPV-6 and -11, are associated with the
of benign anogenital werts [S18645]; thesa types of HFV are
ok, in general, considered o be precancerous.

the preveniion of anogenital warts [299654].
Snv.mlmlslndsm
native conformation of papillomavirus L1 protel
fequired for the elicitation of an effective qu:
vaccination with this virl capsid com

Originator Madimmune Inc
Licenses QlaxoSmithKiine
Btstus Phasa |l Cinlcal
indication Pzpiiomavirus Infection 1
Antiviral, Vacalne

& Analogs Human papliomavirus vaccine,
MED{-501, MEDIH503, MEDI-504, MEDI-517

.mﬂbdhnm

virusike particles (VLFs) that can be purified, for eample,
by centrifugation in density gradients. MEDL-517 consiats of
a combination of VLPs of HPV-15 and -18 L1
[474265), while MEDL-501 eontaing HPV-11
L1 VLPs (189175] Native L1 protein can be prodneed in
eilryolle celly. Medlmmuoe production cell
linew for [is HPV vaccine candidates using an Insect ceil line
(High Five), which has been shown o yleld 25-fold higher
amogmts than standard cell lines {eg, S8 cells) [189175]

Pharmacology

Folyclonsl mbbit antiserum raised sgainst HPV-16 L1 VLPy
bloced the infection of an Immortalized buman
kemiinocyte ceil ling with HFV-16, when tha virus was pre-
incobaied with the antiserum for 1 h at 37°C [318865]. This
demenstrates that VLP formulations ean sliclt neuiralising
papillamavirus. Responses against HPV
VLEP L1 vactines appesr to be genenlly virus-type specific.
From s range of rabhit antisem directed sgainat sight other
HFPV L1 VLFy, only one also blocked HPV-16 Iafecion &t
wilro [318665). Hence, the chances that MED1-517 and MEDI-
n protect againgt infecion by viruses other tan
HPV-16/18 and HPV-11, respeciively, appenr to be low,

The fesaibilty of developing 2 vacine o prevent human
pepllomavirus was indicated in a study of the systemic
vactinstion of dogs with VLPa of mculovirus
eresed L protein of cxnine ol peplliemavirus (COPV).
Bengles wern vaccinated at 8- o 10- weeks of age with two
injections of the L1 protain (0.000125 io 20 jg) intradarmally
inio G foolpad. Within 1 wesks of challengs, the vactinated
antrule developed circulating antibodies agatnst COPY and
beceme resistant to experimental challenge with COPY at &
mucosl gite. Al low doses $.000125 yg) thres out of the five
dogs in the study group still developed warts, but none of the
ankvals developed warts st bigher doses (2 0.05 jug) (3186961,

mmmmhmmmm
using hovine pepilicenavirus 4 (BPV-4) [474236) and cottoniall
mbbit paplliomavine (CRFV) 74257]. Of the 15 calves
mu.dmahmuu-uummu
the L1 protein -I::mn. VLPAy/ioculation), only hwo
m‘lﬂlllzbmllf\'hﬂMWmm
out of the ten conixol animale (€4256). Similaly, In mbbits
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tmunized with the mme dose of elither L1 alons or L1412
CRPY vaerine (50 yg ViPa/incculation), 17 oul of the 29
rebbils challenged (with 5 x 10" virus partices) did not
develop lesiors and the remainder only devaloped one b
dghlldmhedﬂnmhlhdﬂllqudwm
ona year of infection [474257]. In y, the mbhils
iovmunized with VLPs from BPV-1 or with denstured VLIPS
from CRI'V did not digplay any protection when

with the mme doge. Of the 30 mbbits tasted, 27 developed
extersive papliiemas [£74257].

In the case of COPY and CRPV infection, passive tranafer of
serum or immunoglobutin G from hronunized to raive
animals conferred profection from experbmenial infection
[310696), [474257]. In the rabblt model (n = &), 75% of
animgls were fully end one was partially
protacted [474257]. These resulis indicate that antbodies

serve aa & t fo In
e major protective component for protecion

Metabaliam
No data are azrently avaflable.

Toxicity
No dals are cusrently avallshle.

Clinical Development

Phase | .

During 1997 and 1998, Madinmnnne conducted a phase 1,
dounble-bind, rnndomized, placsho-controlled, dose-
escalating siudy with MHEDI-S01. The data showed that
recipienis developed dose-related antibody (IgG) respomses
to the vaccine and that MEDI-501 was mfe and gerwnlly
well tolerated [232776], [299654]. All of the healthy adult
valunteers (n = &5) ane indtinl and two booster
irjections elevated levals of sniibodies that
showed the ahility to nenirelixe HPV [299654], 474256 The

resulls of this siudy provided proof-of-principle of using
VLP vaceines in humans [474265]

Further pham 1 studies with vacdnes

L1 ViPs from elther HPV-16 or -I5, @ 1
combination of both (MEDI-503, -504 and -517, respectivly);
the study am for MEDI-517 involved healthy lemale
vohuntoars (n » 48). The data demonstraied that the vaccoe
was safe and well tolerated. Furthermors, the
study indicated that the vaccina has the potantial to induce

tha desired bmmune responsse and to produce neulralizing
antibodies [476245], [474266].

Phase il

Emoliment for phase I clinical trials of MEDI-517 was
by the end of 2001 [474265]. Rasulls from these

trials have not yel been disclosad.

Currently, no infmrmation is avaflable indicating tat
‘Madizunine i o promote MEDI-501 as a vaccine against
ganital warts into farther clinieal trials,

Side Effecta and Contraindications
In the phase [ trial of MEDI-501 irvvolving €5 healthy adult
voluntesrs, tha most common sdverse evenis dascthed
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within 4 days of injection were those canmonly seen with
shoradiuvanted vaccines, including pain at the irdection
alte, headache and fatigue [299654).

Current Opinion

In the US, the widespread use of cervical cytologioal
screaning has resulted in & 70% dedine in mortalily from
cervical cmoar in the Jast 50 ysars [€74255]. In developing
couniries, however, carvical cancer remains the lmding
cause of desth from cancer among women. Patients who are
disgnosed with cervical cancer can be effectively treated by
sutgery, mdiation thempy or chemotherapy to comtrol local
disense. Of all cervical cancer palents, however, 35%
develop persistent or metastatic dissase for which there is no
amsigient effective therapy. In this siustion, development
aof a preventive vacdne offering protection against the major
typea of HFV which csuse cervial cancer could be an
fmportant step to control the disease.

While proaf-oi-principle for ant-HPV vaccination has basn
obimined in animal models, the dinical development of
MEDIS17 s still at en early siege, with only Hmited
information svallable fram a phase 1 tial performad in
relatively faw patients. Any speculation regarding the
affectiveness of this vaccine, required doses, Imonunization
schadnle and dumtion of protection would be preraature at
this paint.

A number of problems will be enconmiered during the
development and clinical use of the vaccine; HArsily, an
outstanding question s whether anti-VLP antibodies can
be detected in the vaginal secretions of immuinizad women
and if the antibody regpomse can prevent subsequent viral
infection. Whila systemic immunization with L1 VLPs can
elidt high tters of IgG In serum and {ss demonstrated in
monkeyy) also in the mucoss, they do not alicit mucosal
IgA resporses [304766). Whether IgG response Is sufficient
to prewent natural tranmmission af HFV in wamen remaing
to be saen. Nasal VLP formnlstions, known to elicit IgA In
mica [{74937], may be an allemative in the future
Secondly, MEDI-517 Is expected o prevent infection
caosed by HPV-16 and -18, together covering over 90% of
cerviml cweinomas. The vn:dumwt.howwerm
all relevant HPV types and may have io be extanded to a
mulbvalent vaccine at & later stags. In addition, the cost of
MEDI-517 coniaining recombinant proteins will be high
and mast Hkely not appropriate for mams bnmunization in
devsloping couniries. Finally, there are a number of social
and behavioral issues related to the introduction of an
HPV vaccine: () sinca the vaccine will not offer proisction
aguizst all high-risk HPV types and bacstse protection may
not ba li the current practice of screening
(Pap mmesr) in the developed world will need o be
mainiained once the vaccine becomss avaflable, although
intervals may have to be revised. Women will have to be
aducnted sbout these changes to prevent inadequate tse of
cervial ameer screening. The consaquences with regards to
heslithure economics are uncertiin; () education of the
genensl public will'be needed so that vaccination of chikdren
hlﬂpuihhmdlywmmuhdm

and grestsr exposure to differwit HPV
typ-mdoﬁuumuywmﬂm&dn
control of genitsl HPV will probably require immunization
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of bath men and woman, however, it is unclesr whether
men will accept & veccine for a disesse they will naver
develop, namely cervical eancer.

The events between the time of infection with HPV o

to cancer can take decades and it will, therefore,
be yesrs before It s known if vaccination with MEDI-517 can
effectively prevent HPV infection and the developmenl of
cervical cancer. As for MEDES0L, 1t is unclesr whether
Madimonune and GlooSmithKline intend o Ffurther
develop this wvaccine. While 1% of seaully active

individuals In the US have visible genital warts, preventive
vaccination for this condition, which only rarely cuuses

t morbidity or moriality, does not appear s viable
goal In addition, a blvalent voecine againat both HPV-6 and
<11, tha two major genotypes causing genital warts, would
have to be developed for this Indication.

Commercial Opinion

In October 2002, Merrill Lynch reported that phase I trials
were ongoing and predicted that the HPV vaccine was rot

likely to be lppmad before 2008 [477603].

Licansing

GlaxoSmithKine ino

In June 1996, Medimmune in-Ecensed rights to key Intellectual patents and patent applications for HPV vaccines,
from the Deutsches Krebsforachungssenirum (German Cancer Research Centre) 212925, Medimmune alss has a

mwﬂﬂnMHMsebmhmmmhym&Uﬂmwdm-ﬂ
Georgeiown University. This technology Is the mbject of putent applications Hled in htﬁmﬂmuﬂm
exchsively licepsed o MedIlmmune. Madinomune Is to make certain lcense and research payments to the Univenity
[189175] SmithKline Beecham (SB, now GlomfmithKline) and Medlzarmme signad a research and commerclalization
agreement in December 1997. In sxchange for exclusive worldwide rights to Madimmune's HFV vaccine technology,
apudhmvﬂeMdhmmwhhmuﬁmmhmﬁuﬂthMdﬂdnmmlndnbm
which oould total ever 1S $35 million, as well 2 royalties on any product sales [272068]. The Lerms of the alliance
were finalized in January 1998 [275041].

Development history
Phase I trials wern inftiated by Jamary 2000 [352634] and were fully enrolled by the end of 2001 [473835]. The trials, which

conglat of four arms, are ly being condurted with MEDI-517 mather than MEDI-501 [467734]; no information i
availabla indicating that MEDI-501 8 being furiher investigated in cinical triala. In Janusry 2003, Medlmunune snnounced
that GSK was bo present the phase [ daia In Aprdl 2003; at this tima, Medlmmune expected phose [T trinls to commance in
the fourth quarter of the year [476563]. As of October 2001, Medimmune expected o finalize the phase III trial endpoinis for

HPV vaccines following an FDA meeting schedulad for November 28 [25924).
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Cilnical {continued)
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CSL, licouee of UniQuest’s HPV ieimology, and Arventls
Pustaur MSD (& jolnt tevcture beimeen Mevck & Co and Aventis)
are jintly deceloping & vaccine for the potential prophylaxis of
genital waris and cervical cancsr cawsed by haman papilloms
irug infection. Enrolimant for s phese Il trial hes been completed.

introduction

Acording o the World Health Organdzation, over 470,000
wonen are disgnosed with cervicsl cancer every year,
making it the second moat conunan cancer among wamnsn
worldwide. Particularly In developing couniries, it s a
leading cause of cancer-related mortality [hitp)/oowen.oho.ind/
amcerjpublicationsjen), [504507). Most cesvical necplasias,
whether intraepithelial or invasive, can be attributed to the
hurnan paplliomavirus (HPV) infection [5105011. Of over 130
HEV types identified so far, approadmately 30 ‘high-risk'
types are amociated with genital rect leslons. The DNA of
these high-risk types, narmely HPY-16, -18, -31, -33, -35and -
45, in addition {0 some minor types, aan be found in 100% of
humean cwvical cancers and {s slso msoclated with other
forms of genttal neoplasias. On the other hand, HPV-6 and -
11 are responaihle for genital warts and do not usually cause
carvical eaneer. prevention of infiection
with HPVs should meduce the oocurrence of
gendial cancers [499436].

A raxmber of prophylactic and therspentic HPV vaccines are
currently st varions stages of t. While

Papillamavirus-ike particle vaccines are pariicolarly
atractive candidates for an effective HPV prophylactic
vaccine. Virus-like particles (VLPy) are nam-infections empty
vinl capaids composed of the major virsl capsid protsin L1,
either alone or combinad with the minor capsid prolein L2
[318543], [499436).

whhnmmwwﬂmm
recognize imovunodonyinant, conformational epiiopes,
which are highly type spedfic [519613]. Sudface
cmibnmational and linesr spitopes on HPV-§, -11, <16 and -18
bave been. mapped In detall with special attention to the
interiyps difieerwes ad wmmologiod coose-resctivity

SOCID: OF,______SOMBMA_L >

Originator UniQuast Lid

Licanssss Avartie Pastaur MBD/CSL Lid
Status Phasa Il Clinical

Astions Aricancer, Antiviral, Vacdne

Development of therapentic vaccines for the treatment of
HPV-related diseases is sainly focused on the induction of &
cell-mediated cytntodc immune response agatnst the E6 end
E7 vinal oncoproteing in HFV-amsociated tomors
(4379611 (435436} TA-HPV, a live rcombinant vacrinia

aluminum
i e e
tha HF'V-6, -11, -16 and 118 L1 polypeptides [45807].
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HPV-16 VLPs wera prepared fom pLC20IVV plasmid-
[nfected CV-1 celle. The infected cells ware harvested and
Tysed, and lygates clarified by ton. Fractions ware
collectad and tested for the presence af VLPs by elactron
micoscopy [WO-09302184).

Preclinical

The HPV L1 protein alone, or together with the L2 minor
capsid protein, has the ability to form VLPs when

by sukaryolic expression veciors [318643), [517396]. The
immunogendcity of these VLPs {5 similar to the complete
wild-type virions; preseniation of the viral antgens
including conformational in the fomn of VLFs,
remilied In & massive generution of virus-neutralizalion
antbodies and eliclied a specific callular immune response
[510439], 1510875].

The immunogenicity of VLPs prepared using the yeast system
hes been demonstrated in fhe cotionisfl mbbit papillomavirus
(CRFV) systemn. The immunimtion polentisl of recombinmt
CRFV L1 VLFs was determined after three haormunieations
when the vaccine was adminisiored at 1- to 10048 doses. Sem
of irunurdaad rebbits contained a high ter of serum sntibodies
to CRFV L1 VLPs and neutralited CRPV in viiro, hence
protecting the rabbiis from challenge with CRPV [517397].

In studies In non-inonan primates, systemic immaunization
of Affican gresn mwmkeys with HPV-11 VLFy with
aluminum adjuvant eliclied massive HPV-11 VLP-specific
serum sntibody [504756]. Sera from immunized
mookeys oeutralized HPV-11 in the sthymic mowe

Th cell to severnl HPV while
induction of cytotoude T-lyfaphocytes (CTLa) wias infreqoent.
Matabolism and Pharmacokinetice

Nodata are arrently avallable.

Clinical Develo

The clinical program for Merck's HPV vaccines has been
condoeted in three stages: sisge one Incorporabes & phasa I
azd lla investigation of the ty and tolerability
of a brond mnge of doses of the monavalent HPV-16 L1 VLP
vaaing; siage two i an gty and tolerabllity
study on & range of quadrivalent (types 6, 11, 16 and 18) L1
LPV waccines at various doses; and stage three, which bagan
in 20, will demonstirate whather the vaccines reduce the
risk of acquisition of HFV infections and a broad spectram
of HPV-related disensen [465676).
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Phase |
Fhase | siudies have established the immunogenidty and
tolerabllity of a wide range of doses of rnonovalent vaccines,
One clinizal trial was conducted o determine the safety,
and immunogenicity profiles of a series of
research HPV-16 VLP vpccines [517417]. HPV-16-nagative
women aged 18 to 25 years (n = 109) received elther placebo
or ons of three doses (10, 40 or 80 pg) of vaccine. This HFV-
16§ VP vaccine was genemnlly well tolemted, highly
tmmupogenie (with the 40413 dose as fmmunogenic as the
B0-ug dose) and capable of generating antibodies that would
neutralize HPV-16 In the moond trial, 460 women with a
mean age of 21 years were enrolled [S517421). The incidenss
of detectable anti-HFV-16 titer at beseline was 28%. Again,
preliminary resulls demonstrated that the HPV-16 VLP
waccine ppexred to be highly immmunogenic and geneally
well ioleraled. The individimls were subsequently followed
for up to three years, and the geometric mean titers were still
than Hiters in women. with. a previous HPV-16
infection [517426].

Furthermore, the phase I study investigated the protective
efficacy of the manovalent HFV-16 vaccine against HPV-16
infaction [4569676], [510578]. The study was divided o two
protocols in which women recelved elther HPV-11, HPV-16
or coptm] at 0, 2 and § months. A total of 195 individuals
wers sxolled Inio the study, 129°of which recelved placsbo
or HPV-11 vaccine, and 66 of which received HFV-16
vaceine. Thera were no HPV-16 ‘Infections (dentified in the
women who recelved the HPV-16 vaccine, whils women
who recelved or HPV-11 waccine suffered 14
incidences of HPV-16 infaction (ten in women who had
received the HFV-11 vaccine). Combined data from the
HPV-11 axd -16 trisls demomatrated that the vaccines were
well lolerated, highly bneumogenic and protective. Notsbly,
the neutralization sniibodies were HFV-type spedfic, and
immanization with L1 HPV-16 VLPa did not protect againat
infection with HPV-11 [510578].

Phase } .
A double-blind, prool-of-principls phase 1Ia study enralled
2382 women aged beiwesn 16 and 23 years with ks than
five lietime sexual The women were randomly
assigned to receive elther three doses of monovalent HPV-16
L1 VPL waccine (40 pg/dose with 225 jig ahmninum
adjuvant; o = 1194) or placsbo (n = 1198) [471029), [471130],
[457437]. Dosen wern adminisiered st day 0, month 2 and
month 6 Of these, 15333 HPV-16-negative women in a
primary study were mndamly assigned to receive vaccine
plus adjrvant (n = 768 or adjuvant as placebo (n = 7£5).
These wamnen tested HPV-16-DNA and HPV-1é-anttbody
negative at enrallment, in addiion to testing negative for
HPV-16 DNA st 7 months. All women the full
coume of hrmunizstion, and after two years, 9.7% of
individuals had serocomverted. Antibody Hiery were
typlally S-iold greater than in those patisnis with previooa
HPV infection [501090]. The primary of tha shudy
was defined ag the Bmepaint whien at least 31 new HPV-16
infections were detected. This occurred after two yesrs of the
study; individuals were then followed for a median of
approximately two further years. Nona of the women who

N}
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rectived the HPV-16 vaccine persistent Infection
for an aversge of 174 months after final immusimtion In
contrast, there wers 41 new cases of pershient HPV-16
infection in the control group, and nine capes of HPV-16-

among the piscebo reciplents. The incidencs of peraistent
HFV-16 infection was 3.8/100 waman-years at risk in the
placebo grosp and 0/100 woman-years at risk in the vaccine
group (95% Cl, in the mange of 90 to 100; p < 0.001) [465807],
[471029], [471130), [487437). No data on tha CTL responuse to
HPV L1 VLP imonumnization have been published from this
study, which was angoing in June 2003 (501090},

A tripla-hlind, placsbo-controlled, dnse-ranging phase Iib
study of the quadrivalent vaccine HPV4, -11, -1
and -18 has bean conducted in 1158 women aged 16 o 23
years with lem than five Hietime sexual partners (4698071
(487437, The primary endpoint wes b determine
ingmunagenicity to the foar HPV companents st 7 months In
individusls that were HPV nalve at baseline. Another
objective was to establish the appropriate dase for phase 1
trials. The sindy was conducted at different siies tn Braxil,
Northern Burope snd the US The HFV waccine or
sloenintm placebo were admindstered an day 0, month 2
and month &

The interim sualyris denonstos bed that B vascine was safe,
will inlerated and induced a massive humors] mmume
response. The production of speclfic snid-HPY anifbodies
was mesnred by md . The geometric menn
Uiers after the third dose of anti-HPV-6, -1, -16 and -18
antihodies were 43-, 46, 140- and -4 higher,
raipectively, In Immmized women than in fose with
previous Infection [487437] and wers not doss

There was 7o specific antibody responee in the pincebo
goup. Al 18 months post ali-HPV-16
antibody levels remained 5-fold higher than those cheerved
in women with previous or ongping infection [45807]. In
the courm of the stdy, HPV Infection wes delermined on
day D and month 7 by PCR.

Phase N

A large phage 1 trial for the quadsdvelent vaccine has
completed eoroliment of 17,000 patienss [51€08] No dats
are currently avadlable,

Apphumdu:mcongrmnyﬂ

vaccine well inlerated
[465807], 71029] and no serious vactine-related adverse
effects have been cbserved. Looal (mostly pain at the
injection sita) and systesnic adverse evenls oocurred at the
samne frequency in vaccinated and conbrol groups of patients
recelving alominom placebo. In general, the palure aod
frequency of adverss avents are comparable i ofher similar
vaccnes and can be attribuled mainly o fe effect of
alumimon adjuvent.

Current Opinion
An offickent vaccine should prevent the
establishment of & HPV infection and

thus prevent the of reiated diseases mnging
from genitsl warls io carvical cardinoma. The phase ] and T

— 3

trials of the L1 HPV-16 VLF vaccine revealad the patential
of this vaccine to induce an fmunune response, with the
msults strongly suggesting that immunization provides

good protection sgainat infection with the corresponding
HPV type. The mean Hter of antibodies drculating in study

individuals exceeded the lavels considered to be sufficen:
for neutraitzation of infection several times over.

The vaceine has been demonsiraled to be protective agningt
HPV-16 infection within the shudied populstion of HPV-
negative woman aged 16 to 24 years with lems than Ave
lifetime spexual » More dsta are required io
determine the prophylactic effects of vaccination in women
who do not meet the criteria of this study group. Speclal
attention should be paid to the high-risk group of women
who have had multiple stxual parmers, b the HIV-
positive individuals, and particulerly to women who have
an mtablished HPV infection prior ta vaccination [517708]

The protective effioacy of the HPV-6 and -11 enenponanty
of the quadrivalent varcine has not yet been proved. It is
noteworthy that HFV-6 and -11 infections are cutansous
imfections and not of the oucossl surface. It is not cesr
whether transudation of serum IgG, which s the major
humoral protection af the cervix, would also protect the
vulval, ana] and penile skin sgainst HPV infection.

The major problem with developing a widely protective
HI'V vaccine based on elidting neutralizing antibodies ts
the typa specificity of the humaral tmmune response
generated, and the lack of cross-reactivity of antbodies
raised one HFV typa of L1 with the 11
polypeptides devived from the others; this phenomenon
was demonstrated In tha phase ] trials. The quadrivalent
vaccine covers the four clinically most tmporiant high-risk
HPV typas, namely HPV-5 and =11, which are
for moat of the genital warts, and HPV-16 and -18, present
in spproximately 0% of cervical carcinomas. Interim
analysls demonstrated thst the vaccine induced an
imomume response againgt all four HPV types. An
lwportant question is whether incorporation of a further 30
koown hightsk HPV typess would incresse the
prophylactic potential of the vaceine and whether It would
be fesslble to manufacture such vaccines. Geographical
variations of some lms common HPV types wera ohssrved,
for eample, HPV-39 snd -59 are confinad to Central and
South Americs, while the common types such as HPV-14
and -18, are present throughout the world [519618]. Thos,
the vaccine comprising four to five of the most prevalent
oncngenic HPV types would engure sufficlent protection in
specific guographical regions. Another possible modality is
hughybﬂdmum-lnvutm
1 molecules prepared uasing complementary
regions of the L1 protein of different types can retain VLP-
amembly propmrties and cn bigger neuirslizing
antibodies againgt unrelated HPV types [519621).

Another task is the Incorporstion of E§ or E7 vim}
oncoproteln segments into the next paneration of VLPs.
This waccine would potenially elict T-cell respormes
leading to the elimination of infected celis. This
modifiation could increase the therapeutic potential of
VLP-basad prophylactic vaccines. Indesd, such chimeric
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VLP wvaccines are in praciinioal studies [517405] and thelr HPV vaccine should be afordsble and usshble in developing
benefit is to be evaluated. conniries

The majority of HPV-related camemrs ocour In the developing  Commercial Opinlon

wxld, while fn developed couniries their numbems tend o In December 2003, analysts at Morgsn Stanley predicted that
decrense; this s n part as & result of the implementation of sales of the vaccine would reach US $300 million in 2006,
cervioal cyiology resming. It is therefore fmportant that s rising to 1S $500 million in 2007 [519716].

Licensing

CSL Lid

UniQuest, the technological division of the University of Quesnsiond, licensed it HPV technology, involving gemetic
enginesring, to CSL who aoquired the rights to products arising from the collabaration [185304], 1343576}

Merck & Co Ltd
Merck s co-developing the vaccine with CSL. CHL granted Merck a loepse for development and worldwide marksting

. exduding Australin and New Zesland [174582], [227624], [259837].

Aventis Pasteur MSD
By Septesmber 2003, the HPV vaccine was being developsd by the Merck/Aventis joint venture Avantls Pasteur MSD
(505200].

Development history

In Decernber 2001, Merck reported that its HPY vaccine was in phase IIT trials [43332]; these trials were ongping in
Novenber 202 [459807), and by Decernber 2003, enroliment in the pivotal phase I tlal was complete, with 17,800
individuals recruited [518308]. Merck expect to fla 8 PLA with the FDA. in 2005 [516624], [516708). In Jaroary 2004, Merck
expected to lazmch the vaceine in 2006 [520117], By June 2002, CSL was planning phase [ studles of HPV vaccine formulated
with its ISCOMATRIX adjuvant [455844], [490B65]

Litarature classificationa

Key references relating tn the technology are classified according to & set of standard headings to provide a quick guide o
the biblogrephy. These are as follows:

Blalogy: References which dincloss asperts of the drug’s purmacology in antals.

Clinical: Reports of clinion] phase stdies in volunteery providing, where avallable, data on the following: whether the
epeiment s placcho-controlled ar double- or single-blind; munber of patients; dossge.
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Immunological analyses of human papillomavirus capsids
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Adstrast

Recombinant human papillomavires (HPV) virps-iike partide (VL) am promising vaccine candidates for cootrolling
mnogenital HPV diseass, Questions remain, however, conoeming the extent of capsid antigenic simflarity betwaen clomly related
viras gmotypes. To investigate this issue, wo produced VLPs aad comesponding polycional immune sera from several anogandial
HPV types, and examined thess reagents in enzyme-linked immmosorbent assays (EL1SAs) and in cros-neutralimtion stodies.
Despite varying degrees of L1 gmetic sequonce relatedums, VLFs of each type examined induced high-titer sermm polycional
antibody responses that were entirdly genotype-specific. In mn In vitro infectivity asay, only cogaate VLP antisers were able to
neutralw pecudoviions of HPV-1€, HPV-18 and HPV-33, with two exceptions HPV-3] and HPV-45 VLP post-lmunumne sera
damonstrated low levela of neutralizing activity against pesudovirions of HPV-33 and HPV-18, respectively. In other experiments,
spitopes shared between closeiy related types wore found to be lass immenogenic than, and antigenieally distingt from, primary
type-specific B-cell detereminants of the viral capsid. In addition, results from epitope blocking experiments mpggested a close
correlation between primary type-specific capsid antigenic sites and virion nentralization. Thess findings support the view that
papillamavirus genotypes denote unique viral serotypes, and smggist that & succesful vaccine for these viruss will Kiely require
the inciusion of VLPs of each sarotype for which protection is desired. © 2001 Elsevier Science Ltd. All rights reserved.

1. Introduction invasiva disease hes genarated grest {nterest in vaccine

Papillomavirosss are host-restricted small DNA
virases that infect higher vertebrates, including bumans
[1} More than 70 genetically distinct human papdllo-
mavinu (HPY) have been identified or char-
acterizd [2), and while most of these usually cause oaly
beoign cpithelin] lesions (eg cutancous warts), others
have been associated with more severe disease, such as
peemalignant cervical/penile intraspithelial neoplasia
and/or mvasive carcinoma [3—6] Mucosal HPV infec-
tion is now recognized as the primary etiologic factor in
an estimated 4.8% of world cancer [7], with the burden
of disease primarily in developing regions [4] The
strength of the association between HPV infection and
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devalopmant [B.9].

Certain vimaes that are controlled efficiently by new-
trlixing antibodies are able to form serotypes, which
have been defined as different viral strains that do not
elict cross-neutralizing antibodles [10]. The concept of
scrotype has been useful in characterizing other human
viral plllmpl (c.g- poliovirus) [11], and in designing
protective vaccines against them [12,13] Difficulties in
propagating HPV virions in cultured cells have hin-
dered efforts to identify and charucterize viral immuno-
logic variants. To circumvent this problem, seveml
groups developed recombinant L] virus-like particles
(VLF), which replicate the antigenicity of native viri-
ons, and can be generated from smy papillomavirus
geaotype for which sequence data are available [14-186].
Emportantly, genital HPV VLPs hawe been shown to
induce virus-noutralizing antibodies [17, ll].udVLPl
of animal papillomaviruses have demonstrated im-
mnmoprophylactic efficacy in relevant infection models
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[19-21), thus providing a strong rationale for clinical
evaluation of VLFs in humans.

Further study of the role of immunologically distinc-
tive epitopes in the development of immunity to papil-
jomaviruses is needed to develop broadly effective
strategies for controlling genital HPV disease. The rels-
tionship betwesa pepllomavirus genotypes and
strotypes remains an important issue for vaccine devel
opment. For example, antibody-mediated neutraliza-
tion of infectious virions appears to be
gonotype-restricted, Le. certain types have demon-
strated relatively unique capsid antigenic features [22-
24], while others hawe demonstrated an ability to
participate In crosv-neutralization [24,25). It may be
that certain genotypes depote unique sevotypes, whike
others fall within serogroups consisting of two or more
related variants. If %0, then it may be possible to use
single antigens to induce protective responscs apainst
multiple genotypes. While such a concept may be at-
tractive, the development of highly offective vaocines
will require accurate information concerning genotypic/
scrotypic relationships, and precise knowledge of the
relative immunogeuicities of unique versus antigenically
coss-reactive neutralimtion domains.

Results from previons studies have suggested s role
for non-linear (i.e. conformationally dependent) B cell
epitopes in antibody-mediated neutralization of genital
HPV virions [17,1824-29]. We undertook the present
study to investigate capsid antigenic variation and the
relative immunogenicities of non-linear B cell epitopes
of several genital HPV types. We also sought evidence
of an association between high-titer VLP polyconal
antibody specificities and virus-neutralizing activity, as
such information might be consistent with the concept
of serotype formation [10,30]. Genotypes in the present
study were selected on the basis of genetic sequence
relatedness, prevalence, and discase association, and
included ropresentative members of three p i
categories (i.e. group Al0 HPV-6 and HPV-11, group
A9 HPY-16, HPV-31, HPV-33 and HPV-35; and group
A7 HPV-18, HPV-3 and HPV-4S). Results indicated
that, independently of L1 sequence homology, VLI of
each genotype examiped induced high-titer antibody
specificities that were entirely genotype-specific. Previ-
ously characterized virug-neutralizing monocional ant-
bodies were wsed in a VLP epitope-blocking asmy to
generate indirect evidence of a correlation between
high-titer polycional antibody specificities and virus-
ncutralizing activity. To provids more direct evidence
of virus-neutralizing activity, several groups have gener-
ated HPV pseudovirions [28,29,31,32). In the present
study, pseudovirions of HPV-16, HPV-18 and HPY-13
were produced and wmed to examine the potential for
cross-neutralization among several elinically relevant
HPYV genotypes.

ENEDCCID. «XP______ BB >

2. Materials and methods

2.1. Sources of L1 coding sequences and construction
of recombinant baculoviruses

Construction of recombinant baculoviruses AcliL)
and Acl8L] has been described [15,27]. In the present
study, HPV L1 sequences were amplified by PCR using
oligonucieotide primers listed in Table 1. PCR products
were purified, digested with Bgl I1 and Xba I, and
imtered imto beculovirus transfer vector pVL-1392
{(kindly provided by V. Luckow). Recombinant bac-
vloviruses were then constructed ap doscribed [33]
Acl6l]y i Was generated from the HPV-16p 0uger
isolate [34]. Genomic clones of HPV-31 and HPV-35
were obtained from the American Type Culture Collec-
tion (Manassas, VA); genomic clones of HPVY-33 and
HPV-39 were kindly provided by M. Favre and G.
Orth (Institut Pasteur, Paris), and the HPV-45 cloned
penome was kindly provided by A. Lorincz (DiGene
Diagnostics, Silver Springs, MD). HPV-16 L1 and L2
sequences used for the generation of ncombinant vac-
cinia viruses were kindly provided by H.G. Kbchel
Compared to the prototype L1 this isolate contains five
nucleotide substitutions resulting in two amino acid
exchanges st positions 202 (aspariate for histidine) and
266 (alanine for threonine), respectively.

Tubie 1
Otigoeclestides wed for L1 cloning by PCR

S-CATAGATCTTATAAATATGTCTCT

OTGOCOGCCTAGCY
F-CATACATTCTAGACITACCTTITTA
OTTITTTTTACGTTITGCTGG-Y

k1| Forward

n Formard  S-CATAGATCTTATAAATATGTCOGT
GTGGCGACCTAGTG-Y
Revers  S-CATACATTCTAGACITATTTTTTA
ACCTTTTTOCGTTITGCAGACG-Y
p Forward  §-CATAGATCTTATAAATATGICTCT
GTGGOGGTCTAACY
Revers  F-CATACATTCTAGACTITAACTTTTT
ACTTTTCTACGTTTAGTG-Y
» Forward  $-CATAGATCTTATAAATATTOGC
GUTCTAGTGACAGC-Y
Revee  F-CATACATTCTAGACTIATTTAGAC
ACACGTTTACG-Y
4« Forward ¥-CATAGATCTTATAAATAIGGCTTT
QTGGCOGCCTAGTGAC-Y
Revne  S-CATACATTCTAGACIIATTTCTTA
CTACGTATACG.Y

2 L1 siartjsicp codons are undesfined,
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[19-21], thus providing & strong rationale for clinical
evaluation of VLPs in lnmana

Further study of the role of immunologically distinc-
tive epitopes in the development of immunity to papil-
lomaviruses is needed to develop broadly cffective
strategies for controlling genital HPV disease. The rela-
tionship between papilomavirus genotypes and
strotypes remains an important issue for vaccine devel-
opment. For cxample, antibody-mediated neutralize-
tion of infections virions appears to be
gonotype-restricted, ie. certain types have demon-
strated relatively unique capsid antigenic features [22-
2], while others have demonstrated an ability to
participate In cross-nevtralization [24,25] It may be
that certain genotypes denote unique serotypes, whil
others fall within serogroups consisting of two or more
related variants. If 50, then it may be possible to use
single antigens to induce protective responses against
multiple genotypes. While such a concept may be at-
tractive, the development of highly efh:uve vaccines
will-require accurate information genotypic/
mrotypic relationships, and precise knowledge of the
relative immunogenicities of unique versus antigenically
croas-reactive nevtralimtion domains.

Results from previous studies have sugpested a role
for non-linear (i.e. conformationally dependent) B cell
cpitopes in antibody-mediated neutralization of genital
HPYV virions [17,18,24-29]. We undertaok the present
study to investigate capsid antigenic variation and the
relative immunogenicities of non-linear B cell epitopes
of saveral genital HPV types. We also sought evidence
of an association between high-titer VLP polyclonal
antibody specificities and virus-newtralizing activity, as
such information might be consistent with the concept
of serotype formation [10,30). Genotypes in the present
study were sclected on the basis of genetic sequence
relatedness, prevalence, and disease association, and
included representative members of three phylogenetic
categories (i.e. group Al0 HPV-6 and HPV-11, group
A9 HPV-16, HPY-31, HPV-33 and HPV-35; and group
A7 HPV-18, HPV-3 and HPV-45). Results indicated
that, independently of L1 sequence homology, VLPs of
each gonotype examined induced high-titer antibody
specificitics that were entirely genotype-specific. Previ-
ously characterized vinms-neutralizing monoclonal ant-
bodies were used in a VLP epitope-blockimg assay to
genemte indirect evidence of a correlation between
high-titer polycional antibody specificities and virus-
noutralizing activity. To provide more direct evidence
of virus-neutralizing activity, scveral groups have gener-
ated HPV peeudovirions [28,29,31,32]. In the present
sudy, pseudovirions of HPV-16, HPV-18 and HPV-13
were produced and wed to examine the potential for
cross-neutralization among several clinically relevant
HPV genotypes.

BEDCCT. P, __SMMRMDA_]_»

1. Materigls and methods

2.1. Sources of L1 coding sequences and construction
of racombinant baculoviruses

Construction of recombinant baculoviruses AclliL)
and Acl8L1 has been described [15,22] In the present
study, HPV L] sequences were amplified by PCR using
oligonucieotide primers listed in Table 1. PCR products
were purified, digested with Bgl II and Xba I, and
imerted into baculovirus transfer vector pVL-1352
(kindly provided by V. Luckow). Recombinant bac-
ulovinmes were then constructed as described [33).
ACl6L] gy Was generuted from the HPV-16p ooianer
isolats [34]. Genomic clones of HPV-31 and HPV-35
were obtained from the American Type Culture Collec-
tion (Manasaas, VA); genomic clones of HPV-33 and
HPY-38 were kindly provided by M. Favre and G.
Orth (Institut Pasteur, Paris), and the HPV-45 cloned
genome was kindly provided by A. Lorincz (DiGene
Diagnostics, Silver Springs, MD). HPV-16 L] and L2
sequences used for the generation of recombinant vac-
cinla viruses were kindly provided by H.Q. Kochel.
Compared to the prototype L1 this isolate contains five
nuclectide substitutions resulting in two amino acid
exchanges at positions 202 (aspartate for histidine) and

266 (alanine for threonine), respectively.
Table |
Oligoandiectides wed for L1 cloming by FCR
HPV type Ofigonucleotida sequences®
3 Formard  §-CATAGATCTTATAAATATGTCTCT
GTGGOGGCCTAGC-Y
Reverse - F-CATACATTCTAGACITACCTTTTA
OTTTTTTTACGTTTTGCIGG-Y
n Forward 5-CATAGATCITATAAATATGTCOCGT
ATGGOGACCTACTG-Y
Roveree ¥-CATACATTCTAGACTTATTITTITA
ACCTTTITOOOTTTTGCAGACG-Y
k- Forward S-CATAGATCTTATAAATATGTCTICT
GTGGOGGTCTAACY
Reverse  5-CATACATTCTAGACTITAACTTTIT
ACTTTICTACOTTTAGTG-Y
» Forward S-CATAGATCTTATAAATATQTOGC
OOTCTAGTGACAQC-Y
Reverse F-CATACATTCTAGACTTATTTAGAC
ACACGTITACG-Y
45 Forsurd Y.CATAGATCITATAAATATGGCTIT
ATGGCOOCCTAGTGAC-Y
Revare  5-CATACATTCTAGACITATTICTITA
CTAOGTATACG-Y

* L1 stariusop codons are underiined.
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Table 2
Thtration of VLP polycional antisera
Antigens ELISA ttars of VLP polycional antibodies

Group AID Group AY Group A?

Aasli-§ Anli-11 Aati-16 Amth31 Anti-13 Ami-35 Anti-18 Ani-% Anti-45
6 VLR >45%0 >4500 <1500 <1500 <1500 < 1500 <1500 <1500 <1500
11 VLN >1300 >121 500 <1500 <1500 <1500 <1500 <1500 <1300 <1500
16 VLPs <1300 <1500 >450 <1500 <1500 <1500 <150 «<1500 <1500
IV <130 <1500 <1500 >13500 > 1500 <1500 <1500 <1500 <1500
nvVLh <1300 <1500 <1500 >4500 >40 500 <1500 <1500 <1500 <500
N VLA <1300 <1500 <1500 <1500 <1500 >40 500 <1500 <1500 <1500
18 VL <130 «1500 <130 <1500 <1500 <1300 >40 500 <1500 >4300
VL <1300 < 1500 <%0 <1500 <1500 « 1500 <1500 >13 300 <1500
43 VL <1500 <1500 <300 <1500 <1500 <1500 > 1500 «< 500 >40 500

22 VLP production and purification

Trichoplusia ni cells (HiS, Invitrogen, San Diego, CA)
wore used for VLP production. Cells were
in 100-ml shake cultures in I-I flasks (125 rpm, 27°C) in
ExCell 400 serum-free medium (JRH BioSciences), and
were infected at » multiplicity of infection of 3. Infected
cell cubtures were incubated with shaking for 72 h at
27°C. Following this, cefls were palleted (800 x g) and
resuspended in 3 ml of Buffer N (phosphate-buffered
mline (PBSx 05 M NaCl; phenyimethylmifonyl
fluoride (PMSF) (1 mM); Aprotinin (I pg/mi); Leu-
peptin (5 pg/ml); Pefabloc (0.05 mM); Pepstatin A (1
pg/ml);; protssse inhibitors were obiained from
Boehringer-Mannheim, Indianapols, IN). Resus-
pended cells wore sonicated on ice (four 5+ bursts),
sonicates were diluted with PBS, and ctsium chloride
was added to a final concentration of 0.4 g/ml. Follow-
ing ultracentrifugation (100 000 x g, 18 b, 15°C), bands
at the expected buoyant density of empty capsids were
removed by syrings and dialyzed against Buffer N (18
h, 4°C). Protein concentrations were determined using &
commercial amay (MicroBCA, Pierce Biochemicals,
lne.) L1 amembly into VLPs was verified by electron
microscopy for each genotype, as previowsly described
[22] (data not shown). VLPs of HPV-6 were kindly
provided by 8. Burke (MedImmune, Inc., Galthersburg,
MD), and were produced using similar mathods.

23. YLP awibodies

For each HPV genotype, YLP polyclonal immunc
sera were prepared by immunizing a pair of New
Zealand whitt mbbits as described [17,35] Rabbit
HPV-6 VLP polycional antiserum was the gift of RB.S.
Roden (NIH, Gaithersburg, MD, USA), and was pro-
duced using similar methods [23). Methods used for the
production sad characterization of monocional anti-
bodies included [n this study bave been described else-
where [27,34].

ENEDCCIT: «XP_______ S0 | >

2.4. Ensyme-linked immunosorbent axsay (ELISA)

VLP ELISA methods have been described [37].
Bricfly, purified VLPs were diluted in PBS to 0.01
mg/ml, and 0.t ml allquots were dispensed into wells of
96-well microtiter plates. In endpoint titration assays,
serial dilutions of VLP immune sera were tested in
duplicate agminst each of the VLP antigens Specific
absorbance values were calculated by subtracting values
obtained in PBS wells from values obtained in antigen-
containing wells, and replicate values were averaged.
Replicate variation in these asiays was minimal (Lo. less
than 5%). For each antiserum, an endpoint titer was
calculated by determining the highest dilution of serum
that produced an absorbance value on the hnear por-
tion of the titration curve. Each antigen/antibody com-
hinstion was evaluated by BLISA on at least three
sepanate occasions with equivalent results.

2.5, Antigen denaturation

VLPs were denatured by boiling (10 min) in carbon-
ate buffer (pH 9.5; 0.0 mg/ml fnal eotlltion).
Non-denatured VLP antigens were diluted similady in
phosphate-buffered saline (PBS, pH 7.]) and kopt on
ice prior to analysis.

2.6. Antibody absorption

VLP post-immune were diluted using results
from the endpoint titration assy as a guide (Table 2),
and then tested in scrum preabsorption ELISAs.
Briefly, most of these antiscra were evaluated at the
relatively high ditution of 13 500. Dus 10 a relatively
lower titer, however, HPV-16 VLP antibodies wem
evalusted at the next lower dilution (Le. 4500) (Table
2). Sera were diluted in phosphato-buffered saline and
were either not preabsorbed, or preabsorbed overnight
at 4°C with VLPs of either homatypic or heterotypic
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(i.¢. from the mme phylogenetic group) HPV genotypes
{0.1 mg/ml), as indicated (Table 4). Absorbed sera were
centrifuged bricfly prior to evaluation by ELISA
(14 000 x g, 2 min). Residual optical density valuss
following homotypic VLP absorption were subtracted
from values obtained by heterotypic VLP absorption of
the same antiscrum. Negative values were adjusted to
zero.

7. Epltope biocking ELISA

In this sy, a reference monocional antibody
(MAD) is evalvated for the ability to inhibit VLP
binding by polyclonal antibodies raised agninst VLPs of
the same genotype. The ability of the MAD to cause
greater than 30% reduction in polyclonal antibody
binding is interpreted as evidence that the epitope
defined by the MAD may represent & dominant specific-
ity in the polycional antiserum. The nsay requires that
monocional antibodies (MAbs) and test polycional an-
tisera be ruised in different host species. To examine the
ability of a MAD to interfere with VLP polyclonal
antibody binding, VLP antigens were added to 96-well
microtiter plates and allowed to attach for 2 h at room
temperature. Plates were then washed (three times) and
blocked (1 b, room temperature) with a solution con-
taining bovine serum albumin (2% w/v in PBS). Next,
serial dilutions of MAbs were added in parallel rows of
the plate. Plates were incubated overnight at 4°C. Plates
were washed as before and pre-titered VLP polycional
antibodies were dituted to a pre-determined point (ie
Just below the level of antigen satuntion) and added at
constant dilution to all wells containing pre-formed
VLP/MAb complexes. Bound immunoglobulins (Ig)
(Le. MAbs and mbbit polyclonal antibodies) wers then
detected by adding appropriate anti-Ig enzyme conju-
pates in alicsrative paralid rows of the microfiter plate
For HPV-1i and HPV-18, VLP polyclonal antisera
were first pre-absorbed with YLP2 of HPV-6 and HPY-
43, respectivedy, to remove cross-reacting specificities.

2.8, Comptruction of vaccinia viruses recombinant for
HPV LI and L2

HPV-16 L1 was amplified by PCR and cloned into
the Ncol and Xhol sites of pTMI1 [38] to yield
pTMI6LL. L2 was cloned into the EcoRI and BamHI
sites of pTM1 afier amplification by PCR (pTMI16L2).
L1 and L2 of HPV-18 were amplified from pHPV-18 by
PCR and doned into the Ncol and BamHI sites of
pTMI 1o yield pTMI8L1 and pTM18L2, respectively.
Recombinant vaccinia viruses vacl6L1, waclSL2,
vacIBL1, and vacl8L2 were obtained after cotransfec-
tion of wild-type vaccinia virus DNA with pTMI6LIL,
pTMI6L2, pTMISL], and pTM 1812, respectively, fol
lowing published protocols [29]. The genemation of

BeADOCID: P __  PpMBEA_Ls

vac33L1 and vac3iL2 recombinant for L1 and [2 of
HPV-33, respectively, has previously been described
[291.

2.9. Generation of psexdovirions

Pseudovirions of HPV-16, HPV-18, and HPV-33
were produced wsing published protocols with alight
modifications [29]. Briefly, COS-7 cells were tranafectod
with marker plasmid pEGFPGFP-NLS. This plasmid
codes for a dimer of the green fluorescent protein
(GFP) to whith the nuclear localization signal of HPV-
33 L] was fused in frame. Transfected cells were grown
for 48 h and were subsequently infected with vaccinia
viruses recombinant for HPV-16 L1 (vacl6L1) and L2
(vac16L2), HPV-18 L] (vaci8L1]) and L2 (vaci8L2), or
HPV-33 LI (vac3iLl) and L2 (vac33L2), respectively.
Since the L1 and L2 genes were placed under the
control of the phage T7 RNA polymerase promoter,
the helper vaccinia virus VTF7-3 encoding the T7 RNA
polymerase was wed in addition. Pssudovirions were
extracted from nuclei 40 h postinfection by sonication
in hypotonic buffer supplemented with 0.5% NP40 and
subsoquently parified by buoyant caegium chioride den-
sity gradients and sucrose step gradients e :ntially »
described [29]

2.10. Infectivity assay

Paeudovirions were preincubated for 1 h at 37°C with
100 pg/ml DNAse 1 in a total volume of 25 ul PBS, pH
6.8, 10 mM MgCl. They were subsequently added to
2.6 x 10° COS-7 cells suspended in 300 ul PBS, pH 64,
supplemented with 100 pg/ml bovine serum altamin
and incubated for 1 h at 4°C as described [29] Cels
were then secded into six-well plates, grown for 48-72
h and subsequently examined for GFP fluorescencs. To
avoid quenching of the fluorescence by the medium,
celly were wazhed with PBS and fixated for 20 min with
2% formaldehyde in PBS. Cells were then covered with
histogel.

3. Remits

3.1. Recombinant expression of papiliomavirus L]
proteins

We previously produced sub-open reading frame
(ORF) HPV-6 L] bacterial fusion proteins, and used
them to localize the papillomavirus L1 (PVLI) common
antigen region [35] PVLI antiserum was found to be
broadly cross-reactive with L1 protains of cutaneous
and mucosal HPVs, and also BPV-1 [35]. In the present
study, we used the PVYL] polycional antiserum (R5-409)
[35] in a Western blot immunoasmy to confirm exprey-
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Flg. 1. SDS-PAGE/Western blot imrmuncassay of recombinant VLP
smtigey. L] VLPy of HPV-31 (lames 1), HPV-11 (laney 2), HPV-3S
(aney 3), HFV- (lanes 4) end HFV-45 (lanes 5) were purified and
imunoblotted a8 described [15,351 (A) The pmel of HPY LI
protsins was probed with & rebbil polycional antierrum raises! againa
the papiliomaving LI (PVL]) eoremon aatiges reples (R3-409) [35)
(B) Tha mxe: parl was probed with a rabbit polycionsl aatisersn
mised ageingt the gmino-terminal region of HPV-6 L1 (R7-435) [35]
Analyshs of meadovirions: (C) Hlectron misrogmph of peendovirions
of HPV-16 puried by easslum chioside booyust demity gradient
Sollowed by a mxrom siep gradient. Pacudovirioss were ipotted onto
carbon-conied copper grids and negatively stained with 2% phospho-
tungstio acid. Photographs were taken with a Zelss EMI) tranamis-
sion elscUon microscope al an instrumestl magnificstion of
= 50 000, The bar reproscats 100 nm. (1) COS-7 tells were incubated
with HPV-16 pssudovisions in an Infectivity mamy, piated onto theus
cultire plates, sud sabsequently grown for 72 h GFF was visualised
nsing & flnoresceacy microscope 81 &0 instnnnenta) magnification of
Mx.

sion of recombinant L1 proteins. While this antiserum
was able to detect recombinant expression of most of
the L1 proicing (l.e. types 31, 35, 39 and 45), it was
relatively much less immunoreactive with HPV-33 L1
(Fig. 1A). In an equivalent assay conducted with a
different HPV-6 L1 sub-ORF antlerum (R7-435, [35],
HPV-33 L1 expression was confirmed by Western blot
(Fig. 1B). These otmervations suggested that the LI

‘common antigen' region may be relatively less well
conserved in HPV-33, and that the L1 proteins of
HPV-33 and HPV-45 were antigenically cross-reactive
with the HPV-6 L1 amino-terminal region used to
produoce the antiserum [35] (Fig. 1B).

3.2 VLPs of nine HPV types induce high-titer
iype-speclfic polyclonal antibody specificities

VLP polycional immune sers were cvaluated in an
endpoint titration ELISA as described previously (37).
For exch genotype- evaluated, highest polyclonal anti-
body titers invariably were directed against VLPs of the
same type used for immmunization (Le. homotypic VLPs)
(Table 2). While aignificant crom-reactivity was not
detected between members of different phylogenetic
groups, variable levels of cross-resctivity were detected
within groups, apd these generally were consistent with
variations in LI sequence homology [23]. Strong recip-
rocal cross-reactivity was evident, for example, between
closely related genotypes (i.e. group AlD types 6 and
11, and group A7 types 1B and 45), while group A9 (i.c.
HPV-16-rclated viruses) cross-resctlvities were rela-
tively lower in magnitude (Table 2). These patterns of
ELISA immunoreactivity were consistent with results
reported previouddy by other nvestigators, that were
generuted using different methods [23)

3.3. Relative immunogenicitles of Enear versus
non-linear capsid epitopes

Previows work has demonstrated conformational de-
pendence of VLP antigenicity for several papillo-
mavirus gemotypes [14,15,2223]1 To evahmte the
relative immunogenicities of linear versus non-linear
epitopes of VLPs produced in the present study, poly-
clonal antisers were tested in an BLISA at high dilution
(i.e. 13 500) against the same antigens used for immu-
nization, in either native or desatured form. Results
(Table 3) indicated that dominant VLP polycional anti-
body specificitics for most of these genotypes were
largely non-linear (Le. conformationally dependent) in
nature. HFV-35 presented an exception to this general

Tabie 3

Confonmationsl dependence of VLIP antigmieity

Antlsers VLP statme ELISA sworeactivity (Agy)

6VLRs 11VLMy 16VLPs 31 VLPs XVLPy JSVLPRs ISVLRs XMVLP 45VLP

YLPb® Maliw 1680 am 0.609 162 2% 1165 2204 1957 130
Danntored o.118 0.646 ars 0223 oo 1.567 0221 | wum alx

LI Native 0.2 0119 s 0.148 a7 [ 8] a.103 0 0.2
Desatured 1778 1.054 ore 1.099 0311 1.067 1.0M s 1013

S Cognate YLP polycional natisers.
BEDOCI: OF______SMBMOA_) >
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Table 4

VLP senmn prenbsorprion ELISAs

YLP mntimn Absorption muiigens BLISA serorenctivity (Agy)

Group 410 HPV-S VLP apyv-11 VLP

o-HPV-6 VLP Nons LM 1) ]
HPV-& VLP 0.000 0.000
HPV-1! VLP 1.567 000

wHPV-1l YLP Noas o421 2143
HPY§ VLP 0.000 L
HMY-11 VLP 0.000 Q000

Group 47 MNPV-18 VLP Brv-ASVLP

«-HPY-18 VLP Nooe 1.542 i
HPY-18 VLP 0.000 0000
HPV45 VLP 1.625 0.000

a-HPV-43 VLP Noae o 150
HPV-18 VLP 0.000 LIM
HPV-45 YLP 0.000 0.000

Group A9 NPV-16 VLP HPV31 VLP NPV-33 VLP RPV-35 VLP

a-HPvV-16 YLP Nomw [T ] o7 0.000 0.000
HPV-16 VLP 0.000 0.000 0.000 0.800
HPMV-31 VLP 0.768 0.000 0.000 0.000
HPY-13 VLP 0.9658 u» 0.000 0.000
HPY-35 YLP 059 04 0.000 0.000

«=HPV-3! VLP None 0.112 1105 0241 0.009
HPV-16 VLP 0.000 1.025 o Q.000
HPY-)1 VLP 0.000 0.000 0.000 0.000
HPV:33 VLP 0.009 [ 74] 0.000 oms
HPV-35 VLP 0019 1.0 0.224 0.000

a-HPV-33 VLP Noss 021§ 0.000 0937 0.000
HPV-[6 VIL.P 0.000 0.000 1.050 0.000
HPV-31 YLP 0.003 0.000 L.040 0.000
HPV-3) YLP 0.000 0.000 0.000 0.000
HMV-)5 YLP 015 0.00 o 0.000

«HMW-33 YLP Nom a0 0.0 oan 1045

. HPV-16 YLP 0.000 0.000 0012 L.140

HPV-31 VLP 0.013 0.000 0.000 1105
HPV-13 YLP 0.104 0.000 0.000 1.058
HEV-3S VLP 0.000 0.000 0.000 0.000

rule, however, a3 & significant level of iImmunoreactivity
remained when HPV-35 antiserum was tested against
denatured HPV-35 particies (Table 3). Native/dema-
tured VLP antigens were evahmted within the same
asaay using PVL1 antiserum, and results confirmed that
the common antigen region of HPV-35 L1 was masked
in native particles, suggesting that tho particles were
largely intact [15] Consistent with Western blot im-
muncassay results (Fig. 1), PVL] was relatively lem
immunoreactive with denatured HPV-33 L1 than with
denatured L1 proteins of other types (Table 3). These
findings support the general conclusion that dominant
antigenie specificities of papillomavirus capsids are pri-
mardy nop-linear in nature.

ENTDOCID: «F_____ BMBAMDA_ I >

3.4. Relative inununogenicities of unique versus
crasy-reactioe capsid epilopes

VLPs and corresponding post-immune sera were next
evahusted in 2 serum absorption ELISA. Polycional
post-immune sera were diluted and absorbed as de-
scribed (see Section 2 for details) and then reacted in an
ELISA aguinst VLPs as indicated (Table 4). Consistent
with results in Table 2, sera maised against VLPs of
closely related genotypes (ie. types 6 and [, and types
18 and 45) were immunoreactive with both homotypic
and heterotypic refated VLP antigens (Table 4). How-
ever, each of these saera demonstrated a higher level of
immunoreactivity with the same antigen used for immu-
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nization, and heterotypic YLP alsorption of sere had
only minor effects on these cognate interactions (Table
4), sugpesting that the epitopes shared by HPV-6 and
HPV-1{, aod by HPV-18 and HPV-45, were amipi-
cally distinct from relatively more Immunogenic type-
mecific domaims. Similarly, high-titer antibody
specificities within group A9 were affected only mar-
ginally by heterotypic VLP absorption, and observed
antigenic cross-reactivities within group A9 were rels
tively much lower in magnitude than those within the
other groups.

15 Croxy-neutraiization of pseudovirions

To test if ELISA cross-reactivity is due to cros-neu-
tralizing antibodies, infectivity assays were carried out
wing HPV-16, HPV-18, and HPV-33 pesudovirions.
Theammbdbymthuuofnpsdpmtemm
COS-7 cells harbouring the marker plasmid pEGF-
PGFP-NLS, which codes for a dimeric green fluorm-
oent protin (OFF). Generation of HPV-33
peeudovirions has been described previously [29]. Elec-
tron microxcopy analysis of HPV-16 and HPV-18 peeu-

dovirion also revealed the presence of
VLPs as shown for HPV-16 (Fig. 1C). Peeudoinfaction
A HPVA§ Pesudovirions
o
"
=
e
l" --

23 10 4

179

asmys were carried out to prove that peendovirions
indeed contained the marker plasmid and waere abls 10
transfer it tnto COS-7 cells. To exclude the transfer of
free DNA or DNA associated with outer surface struc-
tures of VLPs, pssudovirions were preincubated with
DNAme 1. As shown in Fig. 1D for HPV-1§, cells
expressing GFP showed strong fluorescence mainly re-
stricted to the nucleus, as expected. Similar results were
obtained for HPV-18 and HPV-33. The number of
infected cells was similar for all three HPV-types (data
oot shown). This suggests that HPV-16, HPV-18, and
HPV-33 VLPs not only package the marker plazmid at
similar ylelds but also transfer the marker plasmid into
cells with comparable efficiency. For nsutralization
studies, pseudovirions were incubated with serial dilu-
tions of VLP antisera and were added to COS-7 cells.
Number of fluorcscent cells served as 2 measure of
infectivity. First we assayed the neutralization of pseu-
dovirions by homologous VLP antisera. For HPV-33,
camplets neutralization was obesrved up to a dilution
of —4log,y (Fig. 2C) in agreement with our previous
results {29]. For HPV-16 and HPV-18 the neutrulization
potential was slightly reduced at — 4 log,, dilution. The
residual infectivity amounted to 50% for HPV-16 and
10% for HPV-18, respectively (Fig. 2A and B). For

B. HPV-18 Pssudovirions

smi-VLP1é 18 N

» B » =B

Plg. 2. Cross-mevirelisation analysis of pecndoviricos. Patodoviriees of (A) HPV-16, (B) HPY-18 and (C) HPV-)) wer pmincubmied with the
ndicatad dMhtions of the indicated VLP antisern for | b st 37°C snd were then evehated in an infoctivity amay. An imfectivity of 100%
comeapoods to 33 (A), M (B) and 35 (C) infected calla, mapactively. Avernges from thres independemt experiments are shirem.

BNEOCCID: 0P _____XDURAA0A_)_»
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B. HL.VE N-MAWAM-HPV-18 pAD
A H11.H2 N-MAWANRI-HPV-A1 pAb
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Pig. 1. lnkibition of reactivity of VLP polyciotal astisers with VLPs by

monocional aatibodies (N-MA ). (A) HFV-11

neutmlizing
YLPo/H1113 N-MAb. Two-foll mrin] Sutions of Hi1.H3 N-MAb were rescied witk HPV-11 VLFs in parall rows of Lis microtiter plie, a8

Indicmaed,

this, rabbit HPV-11 VLP polyclons! antibodiey were preabanrhad whh HPV-6 VLPs (Section 2) and sdded s covatant

Fallowing
ditution (1:10000) to VLP/N-MAb comtplexsy. Bound HI1.H3 N-MAD (fillsd symbohs) was detocted by adding antl-mnrina Ig enxynn ccnjopaw

in one row, and bound rabbi eati-HPV-11 VLP polyclonal antibodies (opas symabols) wese detected by adding anti-rabhit Iy eayme conugste
in the second paralizl row. (B) HPV-16 VLPYHI16 VS N-MAD. Two-fold serial diiations of H16.V3 were reacted with HPY-16 VLPy, sy indieated.
Neut, HPFV-16 VLP polycional antibodies were sdded a: constant dilution (1:3200). Bownd H16.V3 N-MAb (filled pymboks) and bound rabbit
2aUG-HPV-16 VLP polycional axtibodies (open symbols) were deteied s abowe, (C) HPV-13 VLPWHILGIO N-MAb. Two-fold serinl dilutions
of HiLG10 were rencted wilk HPY-18 VLPs »s above. Rabbit HPV-18 VLP polyclonal antjbodics ware praabsorbed with HPV-43 VLPy and then
added at constant dilutios (1:13500) to VLPHIS.G10 MADb complexss. Bound HIB.G10 MAb (flled symbols) aod bound mbbit HPV-18 VLP

polycionsl antibodies (opsn symbals) were detectad as above.

HPV-18 a notable reduction to approximataly 80% was
atill obeerved at — 5 log,, (Fig. 2B). The lower neutral
ization titer of the HPV-16 antiserum may possibly be
due to the use of different HPV-16 isolates for the
production of VLPs (li4/K) and of peeudovirions.
They differ st amino acid position 266 (T for A), which

BRDOCKY « P EielanOA_| >

has recently been shown to be crucial for binding of a
peutralizing monoclonal antibody [39].

Neat woe assayed the cross-neutralization of pseu-
dovirions by VLP antisera. None of the antisers tested
cros-neutralized HPV-16 pseudovirions (Fig 2A).
HPV-31 VLP antiserum, which cross-reacts weskly
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with HPV-16 VLPs by ELISA, was unable to reduce
the infectivity of HPV-16 pseudovirions. Interestingly,
this was also found to be true for HPV-33 VLP anti-
serum, which previonly demonstrated weak cross-neu-
tralizing activity against HPV-16 virions [24). By
comtrast, HPV-18 peoudovirions were completely new-
tmalized by HPY-43 antiserum up to s dilution of
~ 2 log,, (Fig. 2B), and reduction of infectivity to 50%
occurred at -1 log,, dilution. None of the other antis-
era had any significant effect on HPV-18 pseudoinfec-
tion. This is consistent with our ELISA data. HFV-23
was cross-neviralized only by HPV-31 antiserum (Fig.
2C). Although cross-neutralimation of HPV-13 psew-
dovirions was not complte even at low (1:30) dilution
of this antiserum, s slight but significant reduction of
infectivity to 75% was still observed at — 3 log,, dilu-
tion. We conclude that weak croas-reactivity in ELISA
may oot always be dus to cross-neutralizing antibodies.

3.6. Inhibition of reactivity of VLP polyclonal antizera
with VLPs by virus-nentraliving monoclonal antibodies
(N-MAbs)

A VLP epitope-blocking ELISA was developed to
investigate whether highly immunogemic capsid spitopes
recognized by VLP post-tmmune sera may be related to
epitopes defined by genotype-specific N-MAbs, In this
assay, VLPs and corresponding polyclonal sera were
used along with previously characterized MAbs
HI11.H3 36} H16.V5 [27,39,40); H18.G10 [27} H3l.A6
[2N and H3)J3. The latter MAD bas not been de-
scribed previously; however, it also demonstrated con-
formational dependence and virus genotype-specificity
by ELISA (dsta not shown). N-MAbs HI11.H3 (Fig
3A) and HI6.Y5 (Fig. 3B) efficiently inhibited most of
the antibody activity in the corresponding VLP post-
immune serum, suggesting that much of the activity in
each antiserum may be directed at the same epitope
recogniztd by the corresponding N-MAb. While we
cannot ruls ocut the possibllity that these N-MAbs
inhibited polyclonal antibody binding activity through
ateric hindrance, each antisorum has previously demon-
strated strong acotralizing activity againet cognate vir-
ons [17,1824] - which supports an interpretation
involving direct competition for binding sites. High
concentrations of N-MAbs were not able to completely
block binding activity in post-immune sera. This may
refiect the peessnce of other non-competing specificities
in these antieyn. A similar analysis of HPV-18 VLP
antiserum and H13.G10 MADb produced comparable
results (Fig. 3C), as did analyses of other VLP mopo-
clonal/polydonal combinations (.e. H31.A6¢ MAl/
HPV-31 VLP antibodies; and H33.J3 MAb/HPV-13
VLP antibodies; data not shown).

BNEDOCIX «XP____ KA ] »

4. Discussion

Our central purpose was to demonstrate that, inde-
pendently of L1 penetic sequence relatedness, genital
HPV capsids generally demonatrate antigenic sites that
are highly immunogenic and genotype-specific; that
capsid antigenic cross-reactivity between closely related
HPVs primarily involves epitopes that are less immuno-
genic and antigenically distinct from primary antigenic
sites; and that predominant specificities involve virus-
neutralizing domains. Cross-neutralization was first
demonstrated between HPV-6 and HPV-11 [25], which
are the most closely related of the known genital HFVs
(92.4% identity of the L1 protein sequence) [23]. In that
study, however, HPV-6 VLP polycional antibodies pro-
vided only partial noutralization of HPV-11, even at
relatively low dilution (i.e. —2log,y) [25], whereas
HPV=-11 VLP antibodies demonstrated strong neutraliz-
Ing activity at much greater dilution (j.e. — 4 log,, and
above) [25). Similarly, while antlbodies mised agaimst
VLPs of either HPV=16 or HPV-33 were abie to nev-
tralize infectious HPV-16 virions in vitro [24], results
from that study indicated that HPV-33 cross-neutralis-
ing activity was several orders of magnitude lower than
that demonstrated by cognate (ie. HPV-16) VLP antis
bodies [24] We have now extended these obeervations
in that HPV-31 and HPV-45 VLPs can induce low
levels of HPY-33 and HPV-18 neutralizing sutibodies,
respectively, whereas the cognate pseudovirions were
neutralbed much more effectively, Taken together,
these findings support the conclusion that cross-neutral-
ization is relatively less efficient than direct neutralisa-
tion mediated by homotypic VLP antibodies. In essence
hmt’hnt L1 genetic sequance differences of m/fi-
cient magnitude to define distinct genotypes may also
be adequate to define unique viml serotypes.

Cross-neutralization was expected for HPV-18 and
HPV-435 since these types display a relatively high level
of L1 amino acid sequence homology (87.6% identity)
[23]. However, the overall degree of sequence homology
does not always seem 10 be a reliable indicator for
cross-neutralization efficlency. Although HPV-31 i
more closcly reiated to HPV-16 (83.1% identity), HPY-
31 polycional antibodies more efficiently cross-neutral-
izz HPV-33 (78.4% identity) [27]. This indicates that
specific amino acid residues probably located in the
neutrallxation epitopes are critically important to define
the capacity of inducing cross-neutralizing antibodies
Eight residues at positions 51, 58, 76, 105, 126, 139,
159, and 260 are identical in the L1 amino acid se-
quence of HPV-31 and HPV-33 but different in HPV-
16 and/or HPV-35. This suggests that one or more of
these amino acids may define the speciflcity of HPV-31
and HPV-33 neutnlization, and their absence in HPV-
16 may contribute 1o the lack of cross-neutralization of
HPV-16 pseudovirions. Indeed, the residues at positions

59
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51 and 58 as well as 126 and 139 are located within or
close to two variable, hydrophilic regions of L1, which
have recently been shown to influence the binding of
neutralizing antibodies [39,41).

Not all antiera found to display cross-reactivity in
ELISA were coms-neutralizing. This is most obviouws
for HPV-16, All types tested within group A9 were
weakly cromreactive with HPV-16 in ELISA but did
not cross-neutralize. Intcrestingly, the observed cross-
reactivity scems not to be type-specific with respect to
the additional type recognized. That means that reactiv-
ity of, for example, HPV-31 VLP antiserum with HPV-
16 VLPs was almost completely removed after
preabsorption of the antissrum with HPV-33 and HPV-
35 VLPa. Similarly, cross-reactivity of HPV-33 and
HPV-35 VLP antlsera with HPV-16 VLPy was strongly
reduced after preabsorption with all group A9 VLPy
tested. In contrast, cross-reactivity of anti-HPV-31 and
HPV-16 with HPY-33 and HPV-31 YLPs, respectively,
was hardly affected after preabsorption of the antisers
with heterotypic VLPs. Thest results suggest that cross-
neutralizing antibodies may be relatively type-specific
with regard to the additional HPY type neutralized,
whereas non-neutnalizing cross-reactive antibodies may
be more broadly cross-reactive,

Other investigators have shown that HI& VS N-MAbD
strongly inhibits VLP binding activity in sara from
HPV-16-infected individuals, and that such antibodies
in turn could prevent H16.V¥5 N-MAD binding to VLPs
[40) These findings are comsistent with the present
results, and suggest that dominant polycional antibody
specificities induced during natural iofection may be
highly similar, if not equivalent, to those induced by
fmmunizations with recombinant VLPs.

., It may be that results from the epitope-blocking
assay refiect steric hindrance of antibody binding rather
than direct blockade of equivalent binding specificition.
Howeéver, with regard to two of the HPV types exam-
ined in this assay (i.e. HPV-11 and HPV-16). each of
tha polydonal and monoclonal antibody preparations
ing activity against cognate infectious virions
{17,22,24,37] Taken together, the present and previous
mulu[nm-uwuhnwmb-

tween predominant antibody specificities present in
HPYV-1] and HPV-16 virlon-neutralizing polyclonsl an-
tisera-and ipecificities defined by N-MAbs H11.H3 and
HI16.VS, respectively.

Approaches to vaccination mnge from using killed or
live attenuated orgamisms to recombinant protelns to
subunit epitopes. While subunit vaccines may be attrac-
tive, data from this and other previous studies summa-
rized above suggest that broad protection from genital
HPYV diseaso will require polyvalent vaccines that incor-

porate VLPs of each serotype for which protection is
desired,
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arutrprobictien ameny
perticle (VLF)-based vaccinations, inhibition of HPY VLF-mediated hemaggiutination by rabbit antisers
raised againgt APV type 6b (HPV-&), HPV-11, BPFV-1§, HPV-14, HFV-31, HFV-13, and HPV-4S5 was snalymid.
Ouly highly homologens types (HPV-6b and HFV-11, snd HPV-18 sud HFFV-45) exhibited detoctable sarciogieal
cross-reaction for the cisss of sstibodies thet inhihit virlen-te-cell surface hinding. Hewever, naalysls of
amiralizsing mosocional antibodies te sovaral anhnal and kuman pepliomavireses indicated that ovar half of
thase antibodies de nat prevent call suriace hinding, but thase bty antihodies do not appear to be mors
cross-renctive i enzyme-linkyl inpersssorbent samys (han thes thad madints jnhiblijon of heaggintination.
The data strougly suggst tkal whils thers may be Maited cross-proisctios between highly (>89% L) amine
acd dantity) bemolagous types, pretaction by HIPV VLP-based vasrines will be predomizantly type spacifie.

Eﬁnﬂwmﬂumﬂnm
agncts I covEa) carcinopensals (1. 31 Corain
sgeats o cxrvical carcinogenesis (19, 31

peuital HFV sach ss HFV type 16 -16), HPV-18,
HPV.31, HPV-33, and HPV-45, but oot low-risk 6 and
HPFV-1], @e associated with cervical snd other anogenital

cancers (1

enwlhl;l::nlh. ulju:pnﬂllmnlr-npldpmh.lr
M-sssembles into virus-lke perticies (VLPY) (13, '
e e e e S 4.
16). mmmmmmwmlw&(&
VLPs couid be used as » safo vaccine 1o prevent
papillcmavirus lnfection (27). Studies of the efficacy of pro-
phyluctic vaccines, which bave besn conductad
with animal such a3 cottontall rabbilt
lomavire canine oral &-l and
bovine gpe d 4), indlicate that VLPs ef-

BNBOCCTD: «XP__ . __20MTEA_|_>

by .
VLP-mediated agglitination of mouse erythrocytes
Mdﬁhwhuulqm-_bhduM)'h
amombled capsids to prevent cell surface binding, Therefore, it

&
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TABLE 1. LI amito acld sequence: identity comperison between common genital HPV types and s varisnt*
L1 soino acki saqoencs kisathy (35) batwesn PV types

HFY gpo
& n X 1 u ) s 168z
& 100 s 86 3 7] &6 (11 o4
1 n4 100 @.1 827 3 6B o [ U
16K T3 &l 100 860 B 80.9 663 9.6
18 63 a7 (1) 100 .1 &8 816 656
1n T 3 a3 61 100 T84 4.2 ma
n T s ns &8 A 100 859 mj
45 613 40 863 876 62 5.9 m &8
1682 4 &as ns [T al 803 &3 100
. - the Geastien of Wiscomic Bostlhs with & gap cresrion of
mmﬂ-h w:.-:u - Computer Grosp (Uslvenslty ) computér program ”» pemalty
and low-risk genital HPV fypes to inkibit hemegglutination Each sorum was tested sgaingt HPV VLP typs and
maedisted by VLPs derived from each of thess HPV iypes. The  againgt rhesms lomavirus typo 1 VLPy (which
mdlmdnﬂnﬂHuWMb mnnmmu-mmm-umhmm
was alio capiored to sy tO smom seroiogical reln (Tabls Z). Certain HFV
smess what propartion of neutralizing sntibodies b messured  types consistently generated higher HAI tiers against their
in the assay. bﬂ%ﬂ%hﬂdﬂhﬂﬂﬂ'wahmm
Cross-inhibitien of HPY VLF-madizted from -

Er—dﬂhwm“dhnntmn correspond to the eficlency of V1P amembly, since titer

amEys.
4, 14 mmmuuummu None of the HPV types showed comsistent and recirocal
§n-v-)uu(n. were purifiad by sucrose gradient and  cross-Inhibition of hemaggintination, cxcept Jor the two most

cxslum chiorids ma proviously described Mnmmm-&mm-uum-umw
(21)- Polycional antisers to VLP: were genornied by ~ HFV-45 (Tabie 2). Even with these palm, whose L1

of New Zesland White rabbits with 300  show 92.4 and 87.5% sequence idently, .&
pg of L1 protein, the first ineumizstion with Freond's com-  cross-inhibition was relatively weak. to HPV

picte adjuvant and swbsequeat booster immupintions with ~ demonstrated 2- or 3-log,-unit-greater reactivity with HFV-6b

r‘d andkssted  oorelates with the partial neutralizstion of HPV-11 infectivity
30 min at 56°C (11) and threefold serhally diloied in phos-  In the model by polydonsl antisera 10
phate-boflered comiaining I mg of bovine serum HPV-6 and the reactivity of HPV-6 VLP
abumin per mi (21). The minimim concentration of VLPs  sotiserum with HPV-11 virions in ELISAs (6). Reactions be-
agcessary for com aggiutination of 30 ul of 2 1% suspen- twreen HPV-1§ and HPV-4S showed 3-ox difference
sion of mouse for uso betwean the homologous and heforologom comsigtent
in theso Difieront smonois of L1 wero waed for  with their woaker sequence homology whh HPV-6b
different types, because the slficlency of tiatkm var- and HPV-11. Weask botween HPV-16 and
jed smong types tions, aremitof di- HPV-33 was cbesrved in soms asssys but was not detected

TAHLE 1. Typs specifichy of HAL
‘Titnr of ekbit suierwn 0 VLP®
vir EVe NFVLl HPVME RWIE HPVSI HEW-S1 HPV4S NV-IGK NPV-IZ KV HWV-8, -1,
U+1l3 L1+ld LI1+[2 Ll+]12 Ll Li+11 L1+12 | u and -10
HFV- L] + 12 3,300 900 » L L] . . L » . 8100
HPV-11 L1 + 12 0 41l . . » . . » . . 6,100
HPV-1EE L1 + 12 . . 4,300 . . 300 . 4,30 81m . 4100
HPV-1BL1 + 12 . . L] 00 . . E . . . 4100
HPV-3111 . . » - 2,700 . . - - . .
PV L1 + 12 ] . 0 L] 300 2,100 ] L] . » -
HFV4S 11 + 12 . . L mw . . 8,100 » . . 00
HPV-18K L1 . . 2900 - . 00 . 00 .
HFV-16Z L1 ] . 24,500 . L . . 100 41 . 8,100
RhFVLI +12 » . L - - . . » [ . .
*Thamaine = e modian saxinasn setiserus dintios for BAT is thres ttwys. Thers squivalast to thoss of the aen inSesied
by sstewfala. =LK, FPY-16Z, snd HIPV-16P cormgpond 10 the Germgs 114/X, T-1294, and ralisrency mainm HFV-16 L1

Iroixte, HPV6b LI+L2, HPV-11 L1412 HPV-36K L1+12, HPV-18 L1+L3, HPV-31 LL BPV-3) L1412, HPV-4S LI+11, BPV-1K L1, HPV-162
11, smd L1+12 VLP prapsraticss wars dilsied 236, 512, 2,000, OO0, 758, 512, 512, 4,000, 256, and 256 thkmos, respeciively.
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TABLE 3. HAI by neutralizing monocional satibodies to papillomavirus capside
Ramlr® of HAI muy why

CRIV HFV6b HPV-11
u+3 Li+13 Li+12

0 T O R O I I R

3
ER

i

LV LI Y e r i l+4++1+

c§
YNNI EE Y
v
(']

'm“m*.h—mwubmm’;mumm(«;

ination.
a probability in promiscoows mdividuals, suggesting that the Sixteen monocional antfbodies generated against CRPY
immone response generated by infocted individonls offers  BPV-1 (9, 23), or HPV-11 viriom (10) or agaimt HPV-16
some degree of protection fram variants (30). To investigate  VLF4 (4a) were dotermined to be directed against comforma-
the posaibility that this protection Is mediated by neutralizving  tion-dependent and type-specific epitopes by ELISAs With
antibodies, antisera to two divergent HPV-16 varl- the exception of the four HPV-16 antibodies, all had
sats from Germany and Zairs (114/K and Z-1194, respective- Innmumuullhnhemﬂmw(l-lg

nrinnt('l‘nh!).'lhsﬁhmu‘nﬁm'hh in tissus culiture supernatants was coafirmed

coded by the reference sinin of HPV-16 did not te  bemsgpiutination by the bomologous VLPs 3). Nooe

i HAI 4 would be from the Inhibited VLP This that the
?'aam uu:;- uwd my o heterclogous VLP types. find |||:|:- l.u
HPV-16 VLI to human foreskin keratinocytes (18, 22). HPV-11 that do pot inhibii tion Inhibit infection

indicates that the humoral immnme regponse to one does
ﬂmﬂmumho&-‘-’r humans The inabllity of the majority of neutralixing monoclonal an-
respond similady, ose of a polyvalent HFV vaccinewould  thodies tested to iphibit hemaggintination leaves opon Che
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4B, and -5A) do
st

elgll

BPV4
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virion binding to cells exhibit a type
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a0

bodles that

daio sre type specific in ELISAs for sven clossly related types:
Taken

and H11LF1) do not recoguize HPFV-6b

antibody SB& binds HPV-]1 but not
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€O, CR, CU, CZ, DE, DK, DM, DZ, BC, BE, BG, ES, FI,
(B, GD, GH, GH, GM, HR, HU, D, IL, N, 15, JP, KE,
K0, KM, KP. KR, KZ, LC, LK, LR, LS, LT, LUJ, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
SM, 3Y, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VG,
VN, YU, ZA, ZM, ZW.

(84) Deslignaied Staies (unless atherwise indieated, for every
kind of reglonal protection availablels ARIPO (BW, GH,

GM, KB, LS, MW, MZ, NA, SD, 5L, 52, TZ, UG, ZM,
ZW), Eursxian (AM, AZ, BY, KO, KZ, MD, RU, TJ, TM).
Buropesn (AT, BE, BG, CH, CY, CZ, DE, DK, HE, ES, F1,
FR, GB, GR, HU, IR, IS, IT, LT, LU, MC, N1, PL, PT, RO,
SE, SL, 8K, TR), OAP1 (BF, BJ, CF, CQ, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
= ar i gpplicamt’s entitlamens to apply for and be gramted

a patens (Ruls 4.17(1)) for the following desigmasions AE,
AG, AL, AM, AT, AU, A7, BA, BB, BG, BR, BV, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE,
BG, ES, Fl, GB, GD, GE, GH, GM, HR RU, ID, IL, IN, IS,
JP KE KG, KM, KF. KR KZ, LC, LK, LR LS, LT LU, LV,
MA, MD, MG, MK, MN, MW, MX, MZ, KA, NG, NI, NG,
NZ, OM, PG, PH, PL, PT, RO, RU, 5C, 5D, SE, 5G, 3K, Si.
SM, SY, TJ, TM, TN, TR, TT. TZ, UA, UG, UZ, VC, VN, YU,
ZA, ZM, ZW, ARIFO patens (BW, GH, GM, KE, LS, MW,
MZ, NA, SD, 5L, SZ, TZ, UG, ZM, ZW), Exrasian paent
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Exropesn paient
(AT, BE, BG. CH, CY, C7, DE, DK, EE, ES, Fi, FR. GB,
GR, HU, IE, IS, IT, LT, LU, MC, NI, PI, PT, RO, SK, SI,
SK, TR), OAPI patent (BF, BJ, CF, CG, Ci, CM, GA, GN,
G GW, ML, MR, NE, SN, TD, TG)

ar to applicam’y entitlement t apply for and be granted
a patent (Ruls 4.17{i1)) for the following designations AE,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW, BY, 5Z,
CA, CH, CN, 0O, CR, CU, CZ, DE, DK, DM, DZ, EC, EF,
EG, KS, Fi, GB, GD, GE, GHi, GM, HR, HU, 1D, IL, IN, IS,
JP, KE, KG, KM, KF, KR, KZ, LC. LK, LR, LS, LT, LU, LV,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, Ni, NO,
NZ, OM, PG, PH, PL, PT. RO, RU, SC, 5D, SE 3G, 5K, L.
SM, SY,TL.TM. TN, TR, TT, TZ, UA, UG, UZ VC, VN, YU,
ZA, ZM, ZW, ARIPO patent (BW, GH, GM, KK, LS, MW,
MZ, NA, SD, 81, 57, TZ, UG, ZM, ZW), Earasian patent
(AM, AZ, BY, KG, KZ, MD, RU, T/, TM), Ewropean patent
{AL, BE, BG, CH, CY. CZ DE, DK, EK, ES, Fi. FR, GB,
GR, HU, IE, IS, IT, LT, LU, MC, NL, FL, FT, RO, 5K, §I,
SK. TR), OAPI paiens (BE, BJ. CF, CG, Cl, CM, GA, GN,
GQ. GW, ML, MR, NE, SN, TD, TG)

o to the appiicans’s entitlement to clalm the priority of the
earlier application (Ruls 4. 17(lli)) for the following derig-
nations AE, AG, AL, AM, AT, AU, AZ, BA, BE, BG, BR. BW,
BY, BZ, CA, CH, CN, €O, CR. CU, CZ, DE, DK, DM, DZ,
EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, HR, HU, ID,
IL IN, IS, JP. KE, KG, KM, KP, KR, KZ, LC, LK, LR, LS,
LT, LU, LY, MA, MD, MG, MK, MN, MW, MX, NZ, NA, NG,
NI, NO, NZ, OM, I'G, PIi, PL, FT, RO, RU, 5C, SD, SK, 5G,

{Continxed on next page]

{54) Tithe: VACCIND AGAINST HPV16 AND HPV18 AND AT LEAST ANOTHER HPV TYPL SELECTED FROM HPY 31, 45
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(37) Abstruct; Animmmogenic composition and mathods for prodacing said composition, the composition exmprising VLPs from
HPV 16 and 18 snd st least ona other HFV cancer typa, the othar cancer type being selactad from the Hal coaslating of HPV types
31, 45 and 52, whereln the doss of the VLP of the at lesst ons otier cancer types is reduced relative (o that of HPV 160or 18
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SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VT,
VN, YU, ZA, ZM, ZW, ARIPO patent (BW, GH, GM, KK,
LS, MW, MZ, NA, SD, SL, 52, TZ, UG, ZM, ZW), Eurasian
paient (AM, AZ, BY, KG, KZ, MD, RU, T, TM), European
pasent (AT, BE, BG, CH, CV, CZ. DE, DX, EK, ES, FI, FR,
GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE,
SI. 5K, TR). GAP! paient (BF, BJ, CF, OG, Cl, CM, GA, GN,
GQ, GW, ML. MR, NE, SN, TD, TG)

as io the applicant’s emitiement to claim the priority of the
earller application (Rude 4. 1K) for the following dexly-
nations AE, AG, Al, AM, AT, AU, AZ, BA, BB, BG, BR, BW,
BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ,
EC EK EG. ES, Fi, GB, GD, GE, GH, GM, HR, HU, ID,
IL, IN, IS, JP. KE, KG, KM, KF, KR, KZ, LC, LK, LR, LS,
LT, LU, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG,
Ni, NO, N7, OM, PG, PH, PL, PT, RO, RiJ, SC, 5D, SE, 5G,
SK, 81, SM, SY, TI, TM, TN, TR, TT, T2, UA, UG, UZ, VC,
VN, YU, ZA, ZM, ZW, ARIPO paioa (BW, GH, GM, KE,

LS, MW, MZ, NA, 5D, 5L, SZ, TZ, UG, ZM, ZW), Esrasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, BG, CH, CY. CZ, DE, DK, EE, K5, FL FR,
GB, GR, MU, IE, IS, IT. LT, LU, MC, NL, PL, PT, RO, SE,
81, 5K, TR), OAPI pasru (BF, BJ, CF, CG, Cl, CM, GA, GN,
GO, GW, ML, MR, NE, SN, TD, TG)

— of isveuorship (Rule 4.17{iv)) for US only

Published:

~—  with international search repor:

—  bafors the axpirsion of the time limbs for amending the
claims and 1o be rapublished in the evers of receipt of
amendments

For two-letier codes and othar ablweviations, mfer to the "Guid-
ance Notes on Codes and Abbraviutions” appearing al the begin-
ning of each regular bywe of the PCT Garette.
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TRATADO DE COOPERACION DE PATENTES ?O

Dela
AUTORIDAD DE BUSQUEDA INTERNACIONAL
Para: PCT
OPINION ESCRITA DE LA
ver forma PCT/ISA/220 | AUTQORIDAD DE BUSQUEDA INTERNACIONAL
(PCT Regla 43bis.1)
Fecha de envio por correo

(dia/ mes/afio) ver forma PCT/ISA/210 (segunda pdgina)

Registro de referencia del solicitante o PARA FUTURAS ACCIONES

agente Ver el pérrafo 2 a continuacién

ver forma PCT/ISA/220

Solicitud Internacional No. Fecha de registro internacional Pecha de prioridad

PCT/EP2005/ 006461 (dfa/mes/afio) (dia/mes/afo)
14.06.2005 16.06.2004

Clasificacién Internacional de Patentes (IPC) o clasificacién nacional e IPC

A61K39/12

Solicitante

GLAXOSMITHKLINE BIOLOGICALS S.A.

1. Esta opini6n contiene indicaciones relacionadas con los sigulentes ftems:

Casilla No. I Bases del Reporte

Casilla No.II  Prioridad

CasillaNo. Il  No establecimiento de opinién respecto a novedad, nivel inventivo y
aplicabilidad Industrial.

Casilla No. IV Falia de unidad de invencitn

Casilla No.V  Afirmacién mzonada de conformidad con la Regla 43bis.1(a)(i) con
respecto a novedad, nivel inventivo o aplicabilidad industrial;
citaciones y explicaciones que sustentan dicha afirmacién.

[[] CasillaNo.VI Ciertos documentos citados

[0 CasillaNo. VIl Ciertos defectos en la solicitud internacional

[0 CasillaNo. VI Ciertas observaciones sobre la solicitud internacional

RO RRXK

2. ACCIONES FUTURAS

Si se hace una demanda para examen preliminar internacional, esta opinién generalmente serd
considerada como una opinién escrita de la Autoridad Examinadora Preliminar ("IPEA”). Sin
embargo, esto no aplica cuando el solicitante escoge una Autoridad diferente a ésta para que sea la
IPEA y la IPEA escogida le ha notificado a la Oficina Internacional de conformidad con la Regla
66.1bis(b) que no se considerardn las opiniones escritas de esta Autoridad Examinadora Preliminar.

Si esta opinidn es, segiin se estipula anteriormente, considerada una opinién escrita de la IPEA, se
invita al solicitante a presentar ante la IPEA una respuesta escrita junto, cuando sea apropiado, con
modificaciones, antes de la fecha de expiracién de tres meses desde la fecha de envio por correo de la

Forma PCT/ISA/220 o antes de la fecha de expiracion de 22 meses desde la fecha de prioridad, Ia
que expire mds tarde.

Para opciones futuras, ver la Forma PCT/ISA/220
3. Para detalles adicionales, ver las notas a la Forma PCT/ISA /220

Nombre y direccién de correo de ISA: Funcionario Autorizado
Oficina de Patentes Europea
D-80298 Munich Renggli-Zulliger, N
Tel .+49 89 2399 - 0 Tx: 523656 epmu d Teléfono No. +49 B9 2399-7482
Fax:+49 89 2399 - 4465

Forma (PCT/I5A/237 (Carktula) (Enero de 2004)

LB



AN

OPINION ESCRITADE LA Solicitud Internacional No.
AUTORIDAD DE BUSQUEDA INTERNACIONAL PCT/EP2005/006461

Casilla No.1. Bases de la opinién

1 Rapecwdidimahoplnlénsehneshbluldougﬁnhmhamdmmaomlenelldmmenelcunlse
presentd, a menos que se indique de otro modo bajo este ftem.

] Esta opinién se ha establecido segfin una traduccién del idioma original al siguiente idioma, que es el
idioma de una traduccién proporcionada pam la bisqueda internacional (bajo las Reglas 12.3 y 23.1(b)).

2. Respecto a cualquier nuclestido y/o secuencia aminoécida revelada en la solicitud internacional y necesaria
para la invencion reivindicada, esta opinién se ha establecido segtin:

a. tipo de material:

[ un listado de secuencia
[] tabla(s) relacionada con el listado de secuencia

b. formato de material:

[] en formato escrito
[ en formato legible por computador

c. tlempo de presentacién/suministro:

[] contenido en Ia solicitud internacional segiin se registrd
[[] registrada junto con la solicitud internacional en formato legible por computador
[ proporcionada subsiguientemente a esta Autoridad para la bisqueda.

3. [] Ademis, en el caso en que mis de una versién o copia de un listado de secuencia y/o tabla relacionada
con ello se haya registrado o proporcionado, las declaraciones requeridas de que Ia informacitn en las
copias subsiguientes o adicionales es idéntica a aquella en la solicitud segiin se present$ o no va mis alld
de la solicitud segdn se registrd, segfin lo apropiado, fueron suministradas.

4, Comentarios adicionales;

Casilla No. I Prigridad

1.  Por consiguiente, no ha sido posible considerar la validez de la reivindicacién de prioridad. Sin embargo,
se ha establecido esta opinién sobre el supuesto de que la fecha relevante es la fecha de Ia prioridad
reivindicada.

2. Se ha establecido esta opinién como si no se hubiese reivindicado ninguna prioridad debido al hecho de
que se ha encontrado que la reivindicacién de prioridad es invdlida (Reglas 43bis.1 y 64.1). Por
consiguiente, para los fines de esta opinién, se considera que la fecha de registro internacional indicada
anteriormente es la fecha relevante.

3. Observaciones adicionales, si es necesario:

Forma (PCT/ISA/237 (Enero de 2004)
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OPINION ESCRITA DELA Solicitud Internacional No.
AUTORIDAD DE BUSQUEDA INTERNACIONAL PCT/EF2005/006461

CasillaNo.IlT No establecimiento de opinién respecto a novedad, nivel inventivo o aplicabilidad industrial

Las preguntas de si Ia invencién reivindicada parece ser novedosa, comprender un paso inventivo (ser no obvia) o ser
aplicable industrialmente no se han examinado respecto a:

[[] toda la solicitud internacional,
B4 reivindicaciones Nos. 19, 21

porque:

dicha solicitud internacional, o dichas reivindicaciones Nos. 19, 21 se relacionan con la siguiente materia objeto
que no requiere un examen preliminar internacional {especifique):

ver hoja separada

[ 1a descripcién, reivindicaciones o dibujos (indique los elementos particulares a continuacién) de dichas reivindicaciones
Nos. son tan poco claros que no se podria formar una opinién significativa (especifique):

[ 1as reivindicaciones, o dichas reivindicaciones Nos. 1 (parcialmente) son sustentadas tan inadecuadamente por Ia
descripcién que no se podria formar una opinién significativa.

[ no se ha establecido ningin reporte de bdsqueda internacional para toda la salicitud o para dichas
reivindicaciones Nos. 1-31 en parte.

[0 Elnuclestido y/o lista de secuencia aminodcida no cumple con el esténdar proporcionada en el Anexo C de las
Instrucciones Administrativas en que:

la forma escrita [J no se ha proporcionado
[0 no cumple con el estindar

el formato legible por computador  [[] no se ha proporcionado
O no cumple con el esténdar

[[] 1as tablas relacionadas con el nucledtido y/o lista de secuencia aminoécida, si estin en formato legible por
computador iinicamente, no cumplen con los requerimientos técnicos proporcionados en el Anexo C-bis de las

Instrucciones Administrativas.

[] Ver la hoja separada para més detalles.

Forma (PCT/1SA/237 (Enero de 2004)
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OPINION ESCRITA DE LA Solicitud Internacional No.
AUTORIDAD DE BUSQUEDA INTERNACIONAL PCT/EP2005/006461

Casilla No. V Afirmacién razonada bajo la Regla 43bia.1(a)(i) respecto a novedad, paso inventivo o aplicabilidad
industrial; citaclones y explicaciones que sustentan dicha afirmacién

1 Declaracién
Novedad (N) St: Reivindicaciones 1-21
No: Reivindicaciones -
Nivel inventivo (IS) Si: Reivindicaciones -
No: Reivindicaciones 1-21
Aplicabilidad industrial (IA) St: Reivindicaciones 1-18,20
No: Reivindicaciones -
2.  Citaciones y explicaciones

ver hoja separada

Forma PCT/ISA/237 (Enero de 2004)
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OPINION ESCRITA DE LA
AUTORIDAD DE BUSQUEDA INTERNACIONAL Solicitud Internacional No.
(HOJA SEPARADA) PCT/EP2005/006461

Re Item II

Prioridad

3. Observaciones adicionales:

Los documentos de prioridad pertenecientes a la presente solicitud no estaban disponibles al momento de
establecer esta opinién preliminar. Por lo tanto, para la presente evaluacitn se asume que todas las
reivindicaciones gozan de los derechos de prioridad a partir de la fecha de presentacién del documento de
prioridad (16.6.2004). Si posteriormente resulta que esto no es correcto, los siguientes documentos, citados
en el Reporte Internacional de Bésqueda (ISR por sus siglas en inglés). Por sus siglas en inglés), podrian
volverse relevantes para la evaluacién de si la materia objeto de la presente solicitud satisface los criterios
establecidos en el articulo 33(1) del PCT.

GLAXOSMITHKLINE HPV VACCINE STUDY GROUP HARPER D M Y COLS: “Eficacia de
una vacuna bivalente de particula tipo virus L1 en la prevencion de la infeccién con los tipos
16 y 18 del virus del papiloma humano en mujeres j6venes: un ensayo aleatorio controlado”
LANCET THE, LANCET LIMITED. LONDRES, GB, vol. 34, no. 9447, Noviembre 13, 2004
(2004-11-13), pdginas 1757-1765, XP004746625 ISSN: 0140-6736, citado en la solicitud.

WO 2004/056389 A (GLAXOSMITHKLINE BIOLOGICALS SA; DUBIN, GARY; INNIS,
BRUCE; SLAOUI, MON) Julio 8 de 2004 (2004-07-08)

D3: VILLA L L Y COLS: “Vacuna de particula tipo virus L1 del virus del papiloma humano
(tipos 6, 11, 16 y 18), profildctico tetravalente en mujeres jovenes: un ensayo de eficacia
multicentro fase II aleatorio doble-ciego placebo-controlado® LANCET ONCOLOGY,
LANCET PUBLISHING GROUP, LONDRES, GB, vol 6, no. 5, Mayo de 2005 (2005-05),
péginas 271-278, XP004870902 ISSN: 1470-2045

Re Item III

No establecimiento de opinién con respecto a novedad, nivel inventivo y aplicabilidad industrial
Esta autoridad considera que la materia objeto relacionada con las reivindicaciones 19, 21, estén cubiertas
por las disposiciones de la Regla 67.1 (iv) del PCT. En consecuencia, no se formularé opinién alguna con
respecto

Forma PCT/ISA /237 (Hoja separada) (Hoja 1) (EPO - Enero de 2004)
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OPINION ESCRITA DE LA
AUTORIDAD DE BUSQUEDA INTERNACIONAL Solicitud Internacional No.
(HOJA SEPARADA) PCT/EP2005/006461

a la aplicabilidad industrial de la materia-objeto de estas reivindicaciones (Articulo 34(4)(a)(T) del PCT).

Re ltem V
Declaracién razonada bajo la Regla 66.2(a)(ii) con respecto a novedad, nivel inventivo y aplicabilidad
industrial; referencias y explicaciones que sustentan dicha declaraci6n.

Se hace referencia a los siguientes documentos:

D1: BILLICH A: “VACUNA VPH MEDIMMUNE/GLAXOSMITHKLINE* CURRENT OPINION
IN INVESTIGATIONAL DRUGS, CURRENT DRUGS, LONDRES, GB, vol. 4, no. 2, Febrero
de 2003 (2003-02), paginas 210-213, XP009029755 ISSN: 0967-8298

D2 REINIS MILAN: “Evaluacién de la tecnologfa: vacuna VPH (tetravalente), Aventis Pasteur
MSD/CSL” CURRENT OPINION IN MOLECULAR THERAPEUTICS. ABR 2004, vol. 6, no.
2, Abril de 2004 (2004-04), paginas 206-211, XP009056594 ISSN: 1464-8431.

D3: WO 01/97840 A (MEDIMMUNE, INC) Diciembre 27 de 2001 (2001-12-27).

D4: EP-A-1410 805 (GLAXOSMITHKLINE BIOLOGICALS S.A) Abril 21 de 2004 (2004-04-21)

Novedad (Articulo 33(1) y (2) del PCT)
1) Ninguno de Ios documentos del arte previo citados revela una composicidn inmunogénica que

comprenda VLPs o capsémeros de VPH 16 y 18 y al menos algin otro VPH seleccionado entre VPH 31,45 y
52. Por lo tanto, la materia objeto de las reivindicaciones 1-21 es novedosa.

Nivel Inventivo (articulo 33(1) y (3) del PCT) _

2) El documento del arte previo més cercano es D4, que revela una composicién inmunogénica capaz
de generar anticuerpos neutralizantes consistiendo de VLP VPH 16L y VLP VPH 18 L1 en combinacién con
hidréxido de aluminio y MPL 3D.

Forma PCT/ISA/237 (Hoja separada) (Hoja 2) (EPO - Enero de 2004)
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OPINION ESCRITA DE LA
AUTORIDAD DE BUSQUEDA INTERNACIONAL Solicitud Internacional No.
(HOJA SEPARADA) PCT/EP2005/006461

La diferencia entre D4 y la presente solicitud es la provisién de al menos una vacuna trivalente que consiste
de VLPs de VPH 16 y 18 y algtn otro VPH seleccionado entre VPH 31, 45 y 52

El problema puede ser visto entonces como la provision de una vacuna trivalente contra VPH 16 y VPH 18
y algtin otro tipo de VPH seleccionado entre VPH 31, 45 6 52,

La solucién propuesta es la provision de una composgicién inmunogénica que comprende capsémeros de
VPH16 y 18 asi como VPH 31, 45 6 52.

El resultado no es logrado en la presente solicitud, en 1a cual no se evalda dicha composicién trivalente.

En el campo de la inmunologia no es suficiente que se revele una formulacién de vacuna, también se
requiere evidencia experimental de que se elicita una respuesta neutralizante, puesto que tal respuesta no
puede predecirse.

Por lo tanto, la materia objeto de las reivindicaciones 1-18 no involucra nivel inventivo, dado que la vacuna
hecha solamente de VPH16 y VPH18 (tal como se revela en los ejemplos de la presente solicitud) ya habia
sido revelada en el arte previo (D1 y D4 as{ como la composicién tetravalente en D2).

La materia objeto de las reivindicaciones 19-21 serd considerada inventiva solo si la composicién allf usada

nueva e inventiva.

Aplicabilidad industrial (Articulo 33(1) y (4) del PCT)

3) Para la evaluaci6n de si las presentes reivindicaciones 19, 21 tienen o no aplicabilidad industrial, no
existe criterio unificado en los estados contratantes del PCT. La patentabilidad también puede depender de
la formulacién de las reivindicaciones. La EPO, por ejemplo, no reconoce como industrialmente aplicable la
materia objeto de reivindicaciones de uso de un compuesto en tratamiento médico. Sin embargo, puede
permitir reivindicaciones de primer uso en tratamiento médico de un compuesto conocido y el uso de tal
compuesto para la fabricacién de un medicamento para un nuevo tratamiento médico.

Forma PCT/ISA/237 (Hoja separada) (Hoja 3) (EPO - Enero de 2004)
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PATENT COOPERATION TREATY
From the INTERNATIONAL SEARCHING AUTHORITY PCT
To:
GLAXOSMITHKLINE THE INTEFNAONAT SCARCH AERORT AND

Corp. Intal. Prop 1) . THE WRITTEN OPINION OF THE INTERNATIONAL
Attn. Dalton, Marfus J@avoSmithKline SEARCHING AUTHORITY, OR THE DECLARATION

980 Great West Coarporate IP
arentiord, MiddlerYiecelved BRENTFORD

1 6 NOV 2005 | (PCT Rule 44.1)
of maling
- i 16/11/2005
Applicant's or agants fis - ity
4J8/VBE0891 ATTY CRECKEL WA FURTHER ACTION 5o paragragia 1 anc 4 baow
inematonal appiication No. Imematonal fiing date
PCT/EP2005 /006461 (daphmontiyear) 4 4 106/2005

Applcant

GLAXOSMITHKLINE BIOLOGICALS E.A.

1. [g] The appicant ia hereby natiied that the intamational search rapart and the writien opinion of the inkemational Gearching
Authority have bsan stisblished and are tranemitied herewith.
Fling of amendmantis and atatemant unsder Arligle 18:
The appiicant is antitisd, i he s0 wishes, 1o amand the claims of the inlemational Application {sse Ruls 48):
When? The tima imitior mch amandmants is normally 2 months rom the date of tanamitial of the
inftemations] Search ; however, for more detals, ese the notes on the accompanying sheet.

Where? Direclyicthe Inlemational Buresu of WIPO, 34 chamin des Colombeties
1211 Genevs 20, Switreriend, Fescimile No.: (41-22) 740.14.35

For more detalled instruntions, sse the noise on The accompanying sheet.

2. D The applicant is hemby notiled that no intamnational ssarch report will be established and that the dectaration under
Article 17(2){a) 10 thal efioct and the writien apinion of the imemalional Searching Authorlly are tranamitisd herswith.

3. ] with regard to the protest againet payment of (an) addilional loe(s) under Rule 40.2, the appicant i noliiad that:

[C] the protst gether win the decision therson has besn yenamied 1 the Intsmational Burasu geher with the
appiicant's recuest 1o forwand the texts of both the prolest and the decision thereon o the designatad Officea.

no declalon has bosn made yet on the protest; the spplicani wil be nofifiad as soon as a dacision ls mads.

4, Raminders

Shortly afier the expiration ¢f 18 months fram the ty duts, the intsmatonal appication will be published by he
inlsmational Bureau. f the applicant wishas to or posipons publication, a notios of withdrawal of e iInlamational
, Or of the priority cisim, must raach the imemational Buresu as provided In Pules §0bis.1 and 80bis.3, respactively,
the completion of the ischnical preparations for inemationsl publication.

The appicant may submX commants on an informal basis an the wiitten apinion of the intemational Saarching Authorily to the
inemational Bursau. The inlemational Buresu will sand a copy of such commants to all designated Offices uniees an
nlemasonal preiiminary ssamination report has baen or s 10 be established. These commaents would aleo be mace avalahis 1o
e pubfic but not belom the axpiration of 30 months iram the priorty daie,

Within 18 months #rom the priorily date, but enly in respact of some designaied Offices, & damand for imamationat preliminary
mxamination must ba tiad If the applicant wishes to postpens the entry inio the national phase untl 30 monthe Jrom the priorty
mmmnﬂam ; otharwise, the must, within 20 months from the priorty date, periarnn the prescribad
acty for entry nto the national bafom those Otices.

In espact of other designaied ONices, the ims Emit of 30 months {(or lnter) will apply sven i no demand |s Sled within 19

Gae the Annex %o Form PCTAEV301 and, & detalia about the appiicable time limits, Ofice by Oifice, sse the FCT Appllaants
Gulde,.Voluma |I, National Chapiars and the WIPO intamet s,

Name and maliing address of the inemnational Searching Authorlly | Authorized offiosr
Europaan Patant Offics, P.B. 56818 Patantiaan 2

_i Tal M‘l-%m Tx. 81 651 epo i, Mahjouba Yassine
Fax: (+31-70) 340-2018

Form PCTASA/220 (January 2004) {Soe nolas on accompanying sheet)
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INTERNATIONAL SEARCHING AUTHORITY

To:

PCT

if a demand for Intemational prelim sxamination ks made, this opinion will usually be considered to be a
written oplnbn of the Imemational Preliminary Examining Autho (‘IPEA . Howsever, this doess not apply where
the appiicant chooses an Authority other than this one to be the | chosan IPEA has notifed the
intemational Bureau under Rule 88.1bis{b) that written q:lrlom uﬂhll Intemnational Ssarching Aullnrlly

wil not be so0 conskiered.

If thia epinion Ia, &s provided above, consldered io be a wiitten opinian of the IPEA, the Is invited to
ln.bmlblholPEAnwruhnnplybgmr.Mlppmpﬂlh with amendments, before the expiration of three
months from the date of malling of Form PCTASAZ20 or before the expiration of 22 months from the priorily date,
whichever explres later.

For further options, see Form PCTASAR220,

3.  For further detulls, see notes to Form PCTASAZ20.

WRITTEN OPINION OF THE
€00 form PCTASA220 INTERNATIONAL SEARCHING AUTHORITY
(PCT Rule 43bis.1)
Dats of maiing -
(cayinoniiviesr) ses form PCTASAR10 (sacond sheet)
Applicant's or agant' fis rvlerence RTHER g
sge form PCTASA220 é.“!“ p-Fg-ph 2 hleuc“ ON
intemationsl application No. intsmational fiing date faydnonihymar) Pricrity clate fdaysinonifviear)
PCT/EP2005008481 14.08.2005 16.08.2004
International Fatent Classification {IPC) of buth natonal classification and IPC -
AB1KION2
Apgliomnt
GLAXOSMITHKLINE BIOLOGICALS SA.
U — —_—
' 1.  This opinion contains indications relating 1o the following ttems:
B BoxNo.!  Basis of the opinion
B BoxNo.ll Priorly
El Box No.1l  Non-sstablishment of opinion with regard to novalty, inventive step and Industrial applicablity
O BoxNo. IV  Lack of unly of invantion
2 BoxNo.V  Reasoned statoment under Rule 43bis.1({a){]) with mmbmly.hmnﬂnlbpo:hdmill
applicablity; citations and axplanations supporting such siateme
] BoxNo.Vl Certain documents clted
O BoxNo. Vit Ceriain defects in the intamational application
O Box No. Vill Certain observations on the intemational appliication
2. FURTHER ACTION

Name and maliing address of the IBA:

Em!l’lhﬂﬂlﬂ

Munich

Tel. +49 29 2399 - 0 Tx; 523050 epmu d
Fax: +49 80 2390 - 4485

Telaphcne No. +49 B 2299-7482

T\
Renggi-Zuliiger, N l\ﬁ ]

Form (PCTESAZIT) (Cover Sheel) (January 2004)
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WRITTEN PINION FTHE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTEP2005006461

Box No. | Basis of the opinion

1. With regard o the language, this apinion has been eatablished on the basis of the international application in
the language in which it was filed, unless otherwise indicated under this itam.

O This opinion has been astablished on the basia of a translation from the original language into the following
language . which [s the language of & franslation furnished for the purposes of itemational search
(under Ruiles 12.3 and 23.1(b)).

2. With regard o any nuclsotide andor amino acld sequence diaclosed in the international application and
nacessary to the claimed invention, this opinion has been eatablished on the basis of:

& type of material:
O = sequence listing
O table{s) related to the sequence listing
b. format of material:
O n written format
O in computar readabie form
¢. time of filngfumishing:
O contained in the intemational appiication as fled.
[0 fied together with the intemational epplication In computer readable form.
O tumished subssquently to this Authority for the purposes of search.

3. O In addition, In the case that more than one version or copy of a sequence listing andr tahis relating thereto
has been filed or fumished, the required statements that the information in the subsaquent or additional
copies is identical to that Iin the application as fled or doas not go beyond the application as filed, as
appropriate, were fumished.

4. Additional comments:

Bax No. i Priority

1. @ The validity of the priority ciaim hes not been congkiered becauss the Internationa! Searching
does not have in ita posgession a copy of the earlier application whoss priority has been claimed or, where
required, a translation of that earlier ion. This opinion has neverthelaaa bean established on the
assumption that the relgvant dete (Rules 43bis.1 and 84.1) is the claimed pririty date.

2. 0 This opinion has been established as ¥ no priority had been claimed due to the fact that the priority claim
has been found invalid (Rulas 43big.1 and 84.1). Thus for the purposes of this opinion, the intemational
filing date indicated above is considered o be the relevant date.

3. Additional ocbservations, f necessary:

590 soparste sheot

Form PCTASA/ 237 (January 2004)
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WRITTEN PINI N OFTHE intemational epptication No.
INTERNATI NAL SEARCHING AUTHORITY PCT/EP2005006461

Box No. ill Non-establishment of opinion with regard 1o noveity, inventive step and industriai
applicabliity

The questions whethear the claimed Invention appear to be novel, to involve an invantive step (to be non
obvious}, or to be indusirially appiicable have not been examined in respect of:

O
2

the entire intemational application,
claims Nos. 18, 21

bacauss:

(W]

the said international epplication, or the said claims Nos. 19, 21 relate to the following subject matier
which does not require an intomational preliminary examination (specify):

the description, claims or drawings (indicale particuiar elements below) or said claime Nos. are 80
unclear that no meaningful opinion could be formed (gpeciy):

the claima, or said claims Nos. are 50 inadecquately supported by the description thel no meaningful opinion
could ba formed.

no intemational search report has been established for the whole application or for said claims Nos.

g%mmnmmrmuuuﬁmmmmwmmmmWMMhMm
the written form O has not been fumished
O does not comply with the standard
the computer readableform [  has not been fumishad
0O does not comply with the standard
the tables related to the nucleotide andbr amino acid sequenca listing, if in computer readable form only, do

not comply with the technical requirements provided for in Annex C-bis of the Administrative Instructions.

See separate shaet for further detalis

Form PCTASA/237 (danuary 2004)
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INTERNATIONAL SEARCHING AUTHORITY

Intemational application No.

PCTEP2005006461

Box No. V Hnsomdm.ntundarhlamm)mmh ng-r:lhn:mlly inventive step or

industrial lcabliity; chations and
1. Statement

Nowvelly (N) Yes:
No:

Inventive step (IS) Yes:
Nc:

Industrial applicabdlity (1A) Yas:
No:

2. Chations and expianations
soe scparnte sheat

Fom PCTISA 237 {(Jarmary 2004)

Chaims

Claima
Claims

Claims

1-21

1-21

1-18, 20



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTH RITY (SEPARATE SHEET) PCT/EP2005/008461

Re itam Il
Priortty

3. Additional observations :

The priority documents pertaining to the present application were not available at the time of
estabfishing this preliminary opinion. Hence, the current assessment is based on the
assumption that all claims enjoy priority rights from the filing date of the priority document
(18.8.2004). If it later tums out that this is not comect, the following document cited in the
Intemational Search Report (ISR) coukd become relevant to assess whether the claimed
subject-matter of the present application satisfies the criteria set forth in Article 33(1) PCT.

GLAXOSMITHKLINE HPV VACGINE STUDY GROUP HARPER D M ET AL: “Efficacy
of a bivalent L1 virus-lke particle vaccine in prevention of Infection with human
papillomavirus types 16 and 18 in young women: a randiomised controfied trial* LANCET
THE, LANCET LIMITED. LONDON, GB, vol. 364, no. 9447, 13 November 2004 (2004-
11-13), pages 1757-1765, XPOD4746625 ISSN: 0140-6736 cited in the application

WO 2004/056389 A (GLAXOSMITHKLINE BIOLOGICALS SA; DUBIN, GARY; INNIS,
BRUCE; SLAOUI, MON) 8 July 2004 (2004-07-08)

D3:VILLA L L ET AL: "Prophylactic quadrivalent human papillomavirus (types 6, 11, 16,
and 18) L1 virus-like pariicle vaccine in young women: a randomised double-blind
placebo-controlled multicentre phase Il efficacy trial* LANCET ONCOLOGY, LANCET
PUBLISHING GROUP, LONDON, GB, vol. 6, no. 5, May 2005 (2005-05), pages 271-
278, XP004870902 ISSN: 1470-2045

Baltem il
Non-establishment of opinion with regard to noveity, Inventive step and industrial
appllcabliity

Claims 19,21 relate to subject-matter considered by this Authority to be covered by the
provisions of Rule 67.1(iv) PCT. Consequently, no opinion will be formulated with respect to

Form FCTASA/ZS? (Separmte Shest) (Sheet 1) (EPO-January 2004)



WRITTEN OPINION F THE Intemational appiication No.
INTERNATIONAL SEARCHING
AUTH RITY (SEPARATE SHEET) PCT/EP2005/006461

the industrial applicabllity of the subject-matter of these claims (Article 34(4)(a)(l) PCT).

BeltemV

Reasoned statement under Rule 68.2(a)il) with regard to novelty, Inventive step or
Industrial applicabllity; citations and explanations supporting such statement

Reference is made to the following documents:

D1:

BILLICH A: "HPV VACCINE MEDIMMUNE/GLAXOSMITHKLINE® CURRENT
OPINION IN INVESTIGATIONAL DRUGS, CURRENT DRUGS, LONDON, GB, vol.
4, no. 2, February 2003 (2003-02), pages 210-213, XP008029755 ISSN: 0967-
8298

REINIS MILAN: "Technology evaluation: HPV vaccine (quadrivalent), Aventis
Pasteur MSD/CSL." CURRENT OPINION IN MOLECULAR THERAPEUTICS. APR
2004, vol. 6, no. 2, April 2004 (2004-04), pages 206-211, XP003056594 ISSN:
1464-8431

D3: WO 01/97840 A (MEDIMMUNE, INC) 27 December 2001 (2001-12-27}
D4:

EP-A-1 410 805 (GLAXOSMITHKLINE BIOLOGICALS S.A) 21 April 2004 (2004-
04-21)
\ i\ €3\ oTigyn

7
Novelty (Article 33(1) and (2} PCT) )

1) None of the cited prior art discloses an immunogenic composlhon compnslng VLPs or

capsomars from HPV 16 and 18 and at least ofie

52 Therofom the subject-matter of claims 1-21 is navel.

— ——

Inventive step (Article 33(1) and (3) PCT)

2) The closast prior art document is D4 disclosing an immunogenic composition able to
generats neutralizing antibodles consisting of an HPV 16L1 VLP and HPV 18 L1 VLP in
combination with aluminium hydroxide and 3D MPL.

Form PCTABA/Z37 (Separais Shest) (Sheet 2) (EPO-January 2004)
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WRITTENOPINI N FTHE intemational application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) _ PCT/EP2005/006461

The difference between D4 and the present application is the provision of at least a trivalent
vaccine consisting of VLPs of HPV 16 and 18 and one other HPV selected from HPV 31, 45
and 52.

The prablem can therefore be seen as the provision of a trivalent vaccine against HPV 16 and
HPV 18 and one other HPV type selected from HPV 31, 45 or 52

The solution proposed Is the provision of an immunogenic composition comprising capsomers
of HPV16 and 18 as well as HPV 31, 45 or 52.
'
The resutt is not achieved in the present application in that no such trivalent composition is
tested.
In the immunology fiekd It is not sufficient that a vaccine formulation is disclosed but
experimental evidence that a neutralizing response is elicited is required, since such a
responss cannot be predicted.

Therefore, the subject-matter of claims 1-18 does not invoive an inventive step, since vaccine
made of only HPV16 and HPV18 (as disclosed in the examples of the present application) are
disclosed in the prior art{ D1 and D4 as well as a quadrivalent composition in D2).

The subject-matter of claims 19-21 will only be considered inventive if the composition used
therein is novel and inventive.

Industrial applicability (Article 33(1) and (4) PCT)

3) For the assessment of the present claims 19, 21 on the question whether they are
indusirially applicable, no unified criterla exist in the PCT Contracting States. The patentability
can also be dependent upon the formulation of the claims. The EPQ, for example, does not
recognize as industrially applicable the subject-matter of claims to the use of a compound in
medical treatment, but may allow, however, claims to a known compound for first use in
medical treatment and the use of such a compound for the manufacture of a medicament for
a new medical treatment.

Form PCTASA/237 (Separaie Sheet) (Shest 3) (EPO-January 2004)
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TRATADO DE COOPERACION DE PATENTES Q’?(

PCT

REPORTE PRELIMINAR INTERNACIONAL SOBRE PATENTABILIDAD
(Capttulo II del Tratado de Cooperacién de Patentes)

(PCT Articulo 36 y Regla 70)
Registro de referencia del
solicitante o agente PARA FUTURAS ACCIONES Ver Forma PCT/IPEA/416
RJS/VB60891
s 1. . Fecha de registro internacional Fecha de prioridad
licitud internacional No. prio
Solicitad in No (dfa/mes/afio) (dfa/mes/afio)
PCT/EP2005/ 006461 14.06.2005 16.06.2004
Clasificacién Internacional de Patentes (IPC) o clasificacién nacional e IPC
INV. A61K39/12
Solicitante

GLAXOSMITHKLINE BIOLOGICALS S.A.

1.

w N

Este reporte es el reporte de examen preliminar internacional, establecido por esta Autoridad
Examinadora Preliminar Internacional bajo el Articulo 35 y trasmitido al solicitante de conformidad

con el Articulo 36.

Este REPORTE consta de un total de  —%— hojas, incluyendo esta carétula.
Este reporte también es acompafado por ANEXOS, que comprenden:

a. [] (enviado al soficitante y a la Oficing Internacional) un total de _ hojas, como sigue

[] hojas de Ia descripcién, reivindicaciones y/o dibujos los cuales han sido modificados y son la
base de este reporte y/o hojas que contienen rectificaciones autorizadas por esta Autoridad (ver
Regla 70.16 y Seccidn 607 de las Instrucciones Admindstrativas).

O hcjuqugmmphmhopsmlanom pero las cuales esta Autoridad considera que contienen

que va més allé de la revelacién en la solicitud internacional como se
presmtb como se indics en el ftern 4 de 1a Casllla No. I y 1a Casilla Suplementaria,

b. [ (enviado tinicamente a la Oficina Internacional) un total de (indicar tipo y mimero de medio(s)
electrénico(s)) __, que contlenen un listado de secuencias y/o tablas con ello, dinicamente en una
forma legible en computador, como se indicé en la Casilla Suplementaria Relacionada con el
Listado de Secuencias (ver Seccién 802 de las Instrucciones Administrativas).

X CasillaNo.I Bases del reporte

Bd CasillaNo.ll  Prioridad

B CaslllaNo.llT No establecimiento de opinién respecto a novedad, nivel inventivo y
aplicabilidad industrial

[l CasillaNo.lV  Falta de unidad de invencién

X CasillaNo.V  Afirmacién razonada de conformidad con el Articulo 35(2) con respecto a
novedad, nivel inventivo o aplicabilidad industrial; citaclones y explicaciones que
sustentan dicha aflrmacién

[0 CesillaNo.VI  Clertos documentos citados

[0 CasillaNo. VI Ciertos defectos en la solicitud internacional

[0 CasillaNo. VI Ciertas observaciones sobre la solicitud internaclonal

Fecha de presentacién de la demanda Fecha de terminacién de este reporte
12.01.2006 12102006

Nombre y direccién de correo de la autoridad Funcionario autorizado

mtunmuldemmmpmlmmr

D-80298 Munich
Tel. (+49-89) 2399-0, Tx: 523656 epmu d

Fax: (+49-89) 23994465 Teléfono No. +49 89 2399-7482

Forma PCT/IPFEA/ 409 (partada) (Abril 2005)



REPORTE PRELIMINAR INTERNACIONAL SOBRE Solicitud Internacional No.
PATENTABILIDAD PCT/EP2005/006461

>0

Casilla No. 1 Bases del reparte

1

Respecto al idioma, este reporte se basé en:

& La solicitud internacional en el idioma en el cual se presents.

|:| Una traduccién de la solicitud internacional al, que es el lenguaje de una traduccién entregada
para propésitos de:

[[] besqueda internacional (segin Reglas 12.3. y 23.1 (b)).
[] publicacién de Ia solicitud internacional (segin la Regla 12.4(a))
D examen preliminar internacional (segiin las Reglas 55.2 (a) y/o0 55.3(a)).

Respecto a los elementos de Ia solicitud internacional este Reporte se bas6 en (hojas reemplazadas que has
sido suministradas a la oficina receptora en respuesta a una invitacién segin Articulo 14, son referidas en

este reporte como *originalmente presentadas” y no son anexadas a este reporte):
Descripcién, Piginas

1-45 como se presentaron originalmente

Reivindicaciones, Nos.

1-21 como se presentaron originalmente

I:] listado de secuencia y/o alguna tabla(s)-ver Casilla Suplementaria en relacién al Listado de Secuencia

[ Las modificaciones resultaron en la cancelacidn de:

[] I1adescripcion, paginas

[] las reivindicaciones, Nos.

[] 1los dibujos, hojas/figuras

[] lstado de secuencia (especificar)

[0 cualquier tabla(s) relacionadas con la serie de listados (especificar)

[0 Este reporte ha sido establecido como sl (alguno de) los anexos corregidos a este reporte y numerado
antes no ha sido hecho, desde que ellos han sido considerados a través de |a presentacion original, como
esta indicado en la Casilla Suplementaria (Regla 70.2(c)).

[] la descripcion, paginas
[0 las reivindicaciones, Nos.
] los dibujos, hojas/figuras
secuencia que enumera (especificar):
] alguna tabla(s) relatada al listado de secuencia (especificar):

* Si el [tem 4 aplica, algunas o todas aquellas hojas pueden ser marcadas “reemplazadas®.

Forma PCT/IPEA/409 (Abril 2005)
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REPORTE PRELIMINAR INTERNACIONAL SOBRE Solicitud Internacional No.
PATENTABILIDAD PCT /EP2005/006461

Casilla No. I1 Prioridad

1. [] Se ha establecido este reporte como si no se hubiese reivindicado ninguna prioridad debido a la falta de
suministro dentro del tiempo limite presentado para el requerimiento:

[] copia de 1a solicitud anterior cuya prioridad se ha reivindicado (Regla 66.7(a)).
[[] traduccién de la solicitud anterior cuya prioridad se ha reivindicado (Regla 66.7(b))..

2. [ Se ha establecido este reporte como si no se hubiese reivindicado ninguna prioridad debido al hecho de que
se ha encontrado que la relvindicacién de prioridad es invélida (Regla 64.1). Por consiguiente, para los fines
de este reporte, se considera que la fecha de registro internacional indicada anteriormente es la fecha
relevante.

3. Observaciones adicionales, si es necesario:

Ver hola separada

Forma PCT/IPEA/409 (Abril 2005)



REPORTE PRELIMINAR INTERNACIONAL SOBRE Solicitud Internacional No.
PATENTABILIDAD PCT/EP2005/006461

Casilla No. Il No establecimiento de opinién respecto a novedad, nivel inventivo y aplicabilidad industrial

1. Las cuestiones de si In invencién reivindicada parece ser novedosa, involucrar nivel inventivo (ser no obvia) o
ser industrialmente aplicable no han sido examinadas respecto a:

[ toda Ia solicitud internacional

D 1as reivindicaciones Nos. 19,21

porque:

P4  dicha solicitud internacional, o dichas reivindicaciones Nos. 19, 21 se relacionan con la siguiente materia

objeto las cuales no requieren examen preliminar internacional (especificar):
ver hoja separada

D la descripcién, reivindicaciones o dibujos (indique elementos particulares a continuacién) o dichas
reivindicaciones Nos.  son tan imprecisas que no pudo formarse una opinién significativa (especifique):

D Ias reivindicaciones o dichas reivindicaciones Nos.  estin sustentadas tan inadecuadamente por la
descripcién que no pudo formarse una opinidn significativa.
[] no se ha establecido un reporte de bisqueda internacional para dichas relvindicaciones Nos.

D el listado de secuencia de nuclestidos y/o aminoécidos no cumple con la norma proporcionada por el
Anexo C de Ias Instrucciones Administrativas en que:

Ia forma escrita D no ha sido suministrada
[:] no cumple con la norma
la forma legible en computador D no ha sido suministrada
D no cumple con la norma
D las tablas relacionadas con el listado de secuencias de nucleétidos y/o aminodcidos, si tinicamente en

forma legible en computador, no cumple con los requerimientos técnicos proporcionados por el Anexo C-
bis de las Instrucciones Administrativas.

D ver hoja separada para detalles adicionales.

Forma PCT/IPEA/409 (Abril 2005)
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REPORTE PRELIMINAR INTERNACIONAL SOBRE Solicitud Internacional No.
PATENTABILIDAD (HOJA SEPARADA) PCT/EP2005/ 006461

Re Item IT

Prioridad

3. Observaciones adicionales:

Los documentos de prioridad pertenecientes a la presente solicitud no estaban disponibles al momento
de establecer este reporte preliminar. Por lo tanto, para la presente evaluacién se asume que todas las
reivindicaciones gozan de los derechos de prioridad a partir de la fecha de presentacién del documento
de prioridad (16.6.2004). Si posteriormente resulta que esto no es correcto, los siguientes documentos,
citados en el Reporte Internacional de Basqueda (ISR por sus siglas en inglés), podrian volverse
relevantes para la evaluacién de si la materia objeto reclamada por la presente solicitud, satisface los
criterios establecidos en el articulo 33(1) del PCT.

GLAXOSMITHKLINE HPV VACCINE STUDY GROUP HARPER D M Y COLS: “Eficacia de
una vacuna bivalente de particula tipo virus L1 en la prevencitn de la infeccién con los tipos 16
y 18 del virus del papiloma humano en mujeres jovenes: un ensayo aleatorio controlado”
LANCET THE, LANCET LIMITED. LONDRES, GB, vol. 364, no. 9447, Noviembre 13 de 2004
(2004-11-13), péginas 1757-1765, XP004746625 ISSN: 0140-6736, citado en la solicitud.

WO 2004/056389 A (GLAXOSMITHKLINE BIOLOGICALS SA; DUBIN, GARY; INNIS,
BRUCE; SLAOUI, MON) Julio 8 de 2004 (2004-07-08)

D3: VILLA L L Y COLS: “Vacuna de particula tipo virus L1 del virus del papiloma humano
(tipos 6, 11, 16 y 18), profilictico tetravalente en mujeres jévenes: un ensayo de eficacia
multicentro fase II aleatorio doble-ciego placebo-controlado” LANCET ONCOLOGY, LANCET
PUBLISHING GROUP, LONDRES, GB, vol. 6, no. 5, Mayo de 2005 (2005-05), péginas 271-278,
XP004870902 ISSN: 1470-2045

Re Item ITT
No establecimiento de opinién con respecto a novedad, nivel inventivo y aplicabilidad industrial

Esta autoridad considera que la materia objeto relacionada con las reivindicaciones 19, 21, estd cubierta
por las disposiciones de la Regla 67.1 (iv) del PCT. En consecuencia, no se formularé opinién

Forma PCT/Hoja separada/409 (Hoja 1) (EPO-Abril 2005)



REPORTE PRELIMINAR INTERNACIONAL SOBRE Solicitud Internacional No. q Q/
PATENTABILIDAD (HOJA SEPARADA) PCT/EP2005/006461

alguna con respecto a la aplicabilidad industrial de la materia-objeto de estas reivindicaciones (Articulo
34(4)(a)(T) del PCT).

Re Item V

Declaracion razonada bajo la Regla 66.2(a)(ii) con respecto a novedad, nivel inventivo y aplicabilidad
industrial; referencias y explicaciones que sustentan dicha declaracién.

Se hace referencia a los siguientes documentos:
D1: BILLICH A: “VACUNA VPH MEDIMMUNE/GLAXOSMITHKLINE” CURRENT

OPINION IN INVESTIGATIONAL DRUGS, CURRENT DRUGS, LONDRES, GB, vol. 4,
no. 2, Febrero de 2003 (2003-02), pAginas 210-213, XP009029755 ISSN: 0967-8298

D2: REINIS MILAN: “Evaluacién de la tecnologfa: vacuna VPH (tetravalente), Aventis Pasteur
MSD/CSL” CURRENT OPINION IN MOLECULAR THERAPEUTICS. ABR 2004, vol. 6,
no. 2, Abril de 2004 (2004-04), pdginas 206-211, XP009056594 ISSN: 1464-8431.
D3: WO 01/97840 A (MEDIMMUNE, INC) Diciembre 27 de 2001 (2001-12-27).
D4: EP-A-1 410 805 (GLAXOSMITHKLINE BIOLOGICALS S.A) Abril 21 de 2004 (2004-04-21)
D5: WO 03/077942 A2 (Glaxosmithkline Biologicals SA) Septiembre 25 de 2003 (2003-09-25).
Novednd (Articulo 33(1) y (2) del PCT)
1) Ninguno de los documentos del arte previo citados revela una composicién inmunogénica que

comprenda VLPs o capsémeros de VPH 16 y 18 y al menos algtin otro VPH seleccionado entre VPH 31,
45 y 52 en una cantidad reducida con respecto a VPH 16 y 18,

D5 revela una composicién de vacuna compuesta por una mezcla en proporciones iguales de VPH 16, 18,
31 y 45 (ejemplo 3).

Por lo tanto, la materia objeto de las reivindicaciones 1-21 se considera novedosa sobre el arte previo
citado.

Forma PCT/Hoja separada/405 (Hoja 2) (EPO-Abril 2005)
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Nivel Inventivo (articulo 33(1) y (3) del PCT)

2) El documento del arte previo mas cercano es D5, que revela una composicién de vacuna que
comprende VLPs que contienen protefnas L1 o derivados funcionales de éstas, de genotipos VPH]1S,
VPHI18, VPH31 y VPH45. Se obtuvo una fuerte respuesta inmune contra cada genotipo usando una
combinacién de los cuatro antfgenos en cantidades iguales (2 pg) (Figuras 4-7 y Ejemplo 3).

La diferencia entre D5 y la presente solicitud es la provisién de una composicién inmunogénica que
comprende VLPs o capsémeros de VPH16 y VPH18 y al menos otro tipo seleccionado entre 31, 45 y/o0 52
en una cantidad reducida comparada con VPH16 6 VPH18.

Por lo tanto, el problema puede ser visto como la provision de una vacuna alternativa contra VPHI6,
VPHI8 y al menos otro tipo de VPH.

La solucién propuesta es la provision de una composicién inmunogénica que comprende VLPs o
capsémeros de VPH16 y 18 y al menos algtin otro VPH seleccionado entre VPH31, 45 y 52 en una

cantidad reducida con respecto a VPH 16 y 18.

El resultado no es logrado en la presente solicitud, en la cual no hay datos que muestren que una
cantidad reducida de VPH3L, 45 6 52 en comparacién con VPHI16 6 18 produzca una respuesta
neutralizante por parte de los anticuerpos. Los finicos resultados revelados en la presente solicitud
son datos de reaccién cruzada usando una vacuna que comprende capsémeros de solo dos VPH, i.e.,
VPHI16 y VPH18 con VPH3I1L, 45 6 52

En el campo de Ia inmunologia no es suficiente que se revele una formulacién de vacuna, también se
requiere evidencia experimental de que se elicita una respuesta neutralizante, puesto que tal respuesta no
puede predecirse.

Por lo tanto, la materia objeto de las reivindicaciones 1-18 no cumple las provisiones del Articulo 33(1) y
(3) del PCT.

Forma PCT/ Hoja separada/409 (Hoja 3) (EPO-Alxil 2005)
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o

La materia objeto de las reivindicaciones 19-21 serd considerada inventiva solo si la composicitn allf
usada es nueva e inventiva.

Aplicabilidad industrial (Articulo 33(1) y (4) del PCT)

3) Para la evaluaci6én de si las presentes reivindicaciones 19, 21 tienen o no aplicabilidad industrial,
no existe criterio unificado en los estados contratantes del PCT. La patentabilidad puede también ser
dependiente de la formulacién de las reivindicaciones. La EPO, por ejemplo, no reconoce como
industrialmente aplicable la materia objeto de reivindicaciones de uso de un compuesto en tratamiento
médico. Sin embargo, puede permitir reivindicaciones de primer uso en tratamiento médico de un
compuesto conocido y el uso de tal compuesto para la fabricacién de un medicamento para un nuevo
tratamiento médico.

Forma PCT/Hoja separada/409 (Hoja 4) (EPO-Abril 2005)
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ianpt;rfnaﬂonal preliminary report an patentability and its annaxes, if any, established on the international
ication.

2. A copy of the report and its annaxes, if any, is being transmitied to the Intemational Bureau for
communication to all the elected Offices.

Where required by any of the electad Offices, the Intemational Bureau will prepare an English translation of
the report (bul not of any annexes) and will transmit such translation to those Offices.

@

The applicant must enter the national phase bafore each elaecied Office by performing certain acts (fiing
transletions and paying national fees) within 30 months from the priority date {or later in some Offices)
(Article 38{1)) (see also the reminder sant by the International Bureau with Form PCTABB01).

Where a translation of the inlamalional application must be fumished 10 an elacted Office, that translation

must contain a translation of any annexes to the intemational prefiminary report on patantability. It is the
applicant's responshility to prepare and furnish such translation directly to each elacted Office concerned.

For further datails on the applicable time limits and requirements of the elacted Offices, see Voluma Il of the
PCT Applicant's Guide.

-The applicant's attention is drawn to Article 33(5), which provides that the crilera of novelly, inventive stap
and Industrial applicability described In Articie 33(2) 1o (4) merely serve the purposes of intemational
preliminary examination and that *any Contracting State may apply additional or different criteria lor the
purposes of deciding whether, In that Stale, the claimed inventions Is patentable or not” (see also Article
27(5)). Such addRional criteria may relate, for axample, to exemptions from patentability, requirernents for
enabliing disclosure, clarity and support for the claims.
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This rapori Is the intamational profiminary examination report, astablished by this intemnational Praliminary Examining
Authority under Articla 33 and tranamitted to the applicant according to Article 36.

2 This REPORT consiats of a iotal of 8 shasts, including this cover sheat,
3.  This reporl s also accompanisd by ANNEXES, comprising:
a. 0 sent fo the applicant and 1o the Intemational Bureau) a total of sheels, aa follows:

O sheets of the deacription, clalma andbr drawings which have been amended and are the basis of this report
i andbr shests comalning rectifications euthorized by this Authority (see Rula 70.18 and Section 807 ofthe |

J Adminisirative Instructions).

i O sheete which supersede earfler sheets, but which this Authority considers contain an amendment that goes
: beyond the disclosure in the intsrnational appfication as filed, as Indicaled in tem 4 of Box No. 1 and the

e

Supplemantal Bax.

b. O] (sent to the intornational Buroau only) a total of {indicate type and number of alectronic carrier(s)) , containing a
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2 BoxNo.!  Basls of the report

2] BoxNo. Il Non-esiablshment cf opinion with regard to novelly, inventive step and ndusirial appiicabilty
O BoxNo.IV  Lack of unity of invention

& BoxNo.V Reascned stalement under Arlicle 35(2) with regand to novelty, inventive step or industrial
appicablily; ciiations and explanations supporting such statement

O BoxNo.Vi Certaln documants clted
0 BoxNo.VHl Certaln defects In the Intermational appfication
O Box No. Vill Certain obasrvations on the intemational application
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INTERNATIONAL PRELIMINARY REPORT Intemational application No.
ON PATENTABILITY PCTEP2005006461

Box No.| Basls of the report

1. With regand to the language, this report is basad on
B the intemational application in tha language In which it was filed
O a transiation of the intemational application Into , which is the language

of a translation fumished for the purposes of:

O Intemational search (under Rules 12.3(a) and 23.1(b))

O publication of the Intemational application (under Rule 12.4(a))

O international preliminary examination (under Rules 55.2(a} andbr 55.3(a))

2. With regard to the elements* of the international application, this report is based on {replacement sheels which
have been fumished o the receiving Office in response o an invilation under Articie 14 are referred 1o in this

report a8 "originally hled™ and are nol annexed io this report):

Dascripiion, Pages

145 an originally filed
Claims, Numbers

1-21 as criginally filed

J a sequence lisiing andior any related table{s) - see Supplemental Box Relating o Sequenca Listing

3. 0 Theamendments have resulted in the cancedation of:

[J the description, pages

O the claims, Nos.

[ the drawings, sheetsfige

O the sequence listing (specily):

O any tabla{s) related 10 sequence lsting (specily}):

4. O0 This report has been eatablished as If (some of} the amandments annaxed to this report and listed below
had not been made, since they have been considered 1o go beyond the disclosure as filed, as indicated in the
Suppiemental Box {(Rule 70.2(c)).

O the description, pages
O the cialms, Nos.

] the drawings, sheetsfigs
[ tha sequaence listing (spacify):

O any table(s) related to sequenca listing {(specily):
If item 4 applies, some or all of these sheets may be marked “supsrseded.”

Form PCTAPEA/400 (Aped 2005)
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INTERNATIONAL PRELIMINARY REPORT Intenationat application No.
ON PATENTABILITY PCTEP2005006461

Box No. Il Priority

1. 00 This report has bean established as if no priority had been clalmed due 1o the fallure to fumish within the

prescribed time limit the requested:
1 copy of the earlier application whose priority has been claimed (Rule 86.7(a)).
O translation of the earlier application whaose priority has been claimed (Rule 68.7(b)).

2. 00 This report has been established as if no priority had baen claimed due to the fact that the priority claim has
been found invalid (Rule 84.1). Thus for the purposes of this report, the intemnational filing date Indicated
above Is considered to be the relevant date.

3. Additional observations, if necessary:

see separate shest

Form PCTAPEA/408 (Ap/ 2006)
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Box No. Hl Non-establishment of opinlon with regerd to novelty, Inventive step and Industrial
applicability

1. The questions whether the claimed [nvention appears to be novet, to involve an inventive step (to be non-
obvious), or to be industrially applicable have not been examined in respect of:

o
[

the entire intemational application,
clalms Nos. 19,21

because:

a

(=

the said intemational apphcation, or the said claims Nos. 18,21 relate to the following subject matter which
does not require an intemational preliminary examination (specily):

see sepamm's sheet

tha dascription, claims or drawings (indicate particular efaments below) or said claims Nos. are so unclear
that no meaningful opinion couid be formed (specify}):

the claims, or said claims Nos. are so Inadequatsly supported by the description that no meaningful opinion
could be formed (specily).

no intemationat ssarch report has been established for the said claims Nos.

a meaningful opinion could not be formed without the sequence fisting; the applicant did not, within the
prescribed tima limit:
O fumish a sequence listing on paper complying with the standard provided for in Annex C of the

Administrative Instructions, and such listing was not available to the intemational Prafiminary
Examining Authority In a form and manner acceptable to it

0O fumish a sequencs listing In elactronic form complying with the standard provided for In Annex C
of the Administrative Instructions, and such listing was not available to the International Preliminary
Examining Authority In a form and manner acceptable to it.

{1 pay the required lats fumnishing fee for the fumishing of a sequence listing in response to an
invitation under Rules 13#er.1(n) or (b) and 13fer.2.

a meaningful opinion could not be formed without the lables related to the sequancae listings; the applicant
did not, within the prascribed time iimit, fumish such tables in elactronic form complying with the technical
requirements provided for In Annex C-bis of the Administrative Instructions, and such tables were not

avallnble to the Intemational Preliminary Examining Authordty In a form and manner accepiable to iL.

the tables related o tha nuclsotide andbr amino acki sequence Rsting, If in electronic form only, do not
comply with the tachnical requirements provided for in Annex C-bis of the Administrative instructions.

0 See sepamie sheet for further details

Form PCTAPEA/409 (Apvl 2005)
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(SEPARATE SHEET) PCT/EP2005/006461
Re ltem Il

Priority

3. Additional observations :

The priority documents pertaining to the present application were not available at the time of
establishing this preliminary reportn. Hence, the cument assessment is based on the
assumption that all claims enjoy priority rights from the filing date of the priority document
(16.6.2004). If it later tums out that this is not comect, the following document cited in the
International Search Report (ISR) could become relevant to assess whether the claimed
subject-matter uf the presant application satisfies the criteria set {orth in Article 33(1) PCT.

GLAXOSMITHKLINE HPV VACCINE STUDY GROUP HARPER D M ET AL: "Efficacy
of a bivalent L1 virus-like particle vaccine in prevention of infection with human
papillomavirus types 16 and 18 in young women: a randomised controlled trial® LANCET
THE, LANCET LIMITED. LONDON, GB, vol. 364, no. 9447, 13 November 2004 (2004-
11-13), pages 1757-1765, XP004746625 ISSN: 0140-6736 cited in the application

WO 2004/056388 A (GLAXOSMITHKLINE BIOLOGICALS SA; DUBIN, GARY; INNIS,
BRUCE; SLAOUI, MON) 8 July 2004 (2004-07-08)

D3:VILLA L L ET AL: "Prophylactic quadrivalent human papillomavirus (types 6, 11, 18,
and 18) L1 virus-like particle vaccine in young women: a randomised double-blind
placebo-controlled multicentre phase Il efficacy trial* LANCET ONCOLOGY, LANCET
PUBLISHING GROUP, LONDON, GB, vol. 6, no. 5, May 2005 (2005-05), pages 271-
278, XP004870902 ISSN: 1470-2045

Be tem Il :
Non-establishment of opinion with regard to novelty, inventive step and industrial

applicability

Claims 19,21 relate to subject-matter considered by this Authority to be covered by the
provisions of Rule 67.1(lv) PCT. Consequently, no opinion will be formulated with respect to

Form PCT/Sepamio Shoel/408 {Sheat 1) (EPO-Aprll 2005)
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(SEPARATE SHEET) PCT/EP2005/006461

the industrial applicability of the subject-matter of these claims (Article 34(4)(a)(lI) PCT).

Re ltem Y
Reasoned statement under Rule 66.2(a)(li) with regard to noveity, inventive step or

Industrial applicabliity; citations and explanations supporting such statement

Reference is made to the following documents:

D1: BILL:CH A: "HPV VACCINE MEDIMMUNE/GLAXOSMITHKLINE® CURRENT
OPINION IN INVESTIGATIONAL DRUGS, CURRENT DRUGS, LONDON, GB, vol.
4, no. 2, February 2003 (2003-02), pages 210-213, XP009029755 ISSN: 0967-
8298

D2: REINIS MILAN: *Technology evaluation: HPV vaccine (quadrivalent), Aventis

Pasteur MSD/CSL." CURRENT OPINION IN MOLECULAR THERAPEUTICS. APR

2004, vol. 6, no. 2, April 2004 (2004-04), pages 206-211, XP009056594 ISSN:

1464-8431

WO 01/97840 A (MEDIMMUNE, INC) 27 December 2001 (2001-12-27)

EP-A-1 410 805 (GLAXOSMITHKLINE BIOLOGICALS. S.A) 21 April 2004 (2004-

04-21)

D5: WO 03/077942 A2 (Glaxosmithkline Biologicals SA) 25 September 2003 (2003-09-
25),

Novelty (Article 33(1) and (2) PCT)

1} None of the citad prior anl discloses an immunogenic composition comprising VLPs or
capsomers from HPV 16 and 18 and at least one other HPV selected among HPV 31, 45 and

52 jn reduced among ralative to HPV 16 and 18.

D5 discloses a vaccine composition composed of a mbdure In aqual proportion of HPV 16, 18,
31 and 45 (example 3).

Therefore, the subject-matter of claims 1-21 is considered novel over the cited prior art.

Form PCT/Separate Sheet400 (Shest 2) (EPO-AprE 2005)
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Inventive stép (Article 33(1) and (3) PCT)

2) The closest prior art document is D5 disclosing a vaccine compostion comprising VLPs
containing L1 proteins or functional derivatives thereof from HPV16, HPV18, HPV31 and
HPV45 genotypaes. A strong inmune response was obtained against each genotypes using
a combination of the four antigens in aqual amounts (2ug) (Figures 4-7 and Example 3).

The difference between D5 and the present application is the provision of an Immunogenic
composition that comprises VLPs or capsomers of HPV16 and HPV18 and at least a another

type chosen between 31, 45 or/and 52 in a resdced amount compared to HPV16 or HPV18.

The problem can therefore be seen as the provislon of an altemative vaccine against HPV16,
HPV18 and at least another HPV type.

The solution proposed Is the provision of an immunogenic composition comprising VLPs or
capsomers from HPV 16 and 18 and at least one other HPV selected among HPV 31, 45 and

52 jn reduced among ralative to HPV 16 and 8.

The result is not achleved in the present application in that no data showing that a
reduced amount of HPV31, 45 or 52 compared to HPV16 or 18 raises an neutralizing
antlbody response. The only results disclosed In the present application are cross-
reaction data using a vaceine comprising capsomers of only two HPVs l.e. HPV16 and
HPV18 with HPV 31, 45 or 52.

in the Immunology fleld it is not sufficient that a vaccine formulation is disciosed but
experimental evidence that a neutralizing response is elicited is required, since such a
response cannot be predicted.

Therefore, the subject-matter of claims 1-18 does not fulfil the provisions of Article 33(1) and
(3) PCT.

Form PCT/Saparate Sheet0D (Sheet 3) (EPO-Aprl 2005)
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The subject-matter of claims 19-21 will only be considered inventive if the composition used
thereln is novel and inventive.

Industrial applicability (Article 33(1) and (4) PCT)

3) For the assessment of the present claims 19,21 on the question whether they are
industrially applicable, no unified criteria exist in the PCT Contracting States. The patentability
can also be dependent upon the formulation of the claims. The EPO, for example, does not
recognize a& industrially applicable the subject-matter of claims to the use of a compound in
medical treatment, but may allow, however, claims to a known compound for first use in
medical treatment and the use of such a compound for the manufacture of a medicament for
a new medical treatment.

Formn PCT/Sepants Bheet/409 (Sheel 4) (EPO-Apd 2005)
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VACUNA CONTRA HPV18 Y HPV18 Y AL MENOS OTRO TIPO DE VPH
SELECCIONADO DE VPH 31, 45 0 52

Resumen-Objeto y Finalidad de la Invencién

Una composicién inmunogénica y procedimientos para producir dicha
composicién, la composicién comprendiendo las PLV de VPH 16 y 18 y al
menos otro tipo de céncer de VPH, el otro tipo de céncer seleccionindose
entre la lista constituida por los tipos 31, 45, y 52 de VPH, en la que la dosis de
la PLV de al menos otro tipos de cdnceres se reduce con relacién a la de VPH
16 6 18.

19}
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VBG60891P 1

VACUNAC NTRAHPVISYHPVIBYALMENOSOTR TIP DEVPH
SELECCIONADO DE VPH 31,450 52

La presente solicitud se refiere a vacunas contra papilomavirus.

Antecedentes de la Invenclén

Los papilomavirus son pequefios virus de tumores de ADN, que son
alitamente especificos de especies. Hasta ahora, se han descrito por encima de
100 genotipos de papilomavirus humanos individuales (VPH). Los VPH son
generalmente especificos o bien para la piel {por sjemplo, VPH - 1y - 2) o de
superficies mucosas (por ejemplo, VPH - 6 y -11) y usualmente producen
tumores benignos (verrugas) que persisten durante varios meses o afios. Tales
tumores benignos pueden ser preocupantes para los individuos a los que atafie
pero no son amenazantes para la vida, con unas pocas excepciones.

Algunos VPH también estan asociados a cénceres, también conocidos
como tipos de VPH. La asociaclén positiva mas fuerte entre un VPH y céncer
humano es la que existe entre VPH - 16 y VPH - 18 y_carcinoma de cuello de
Utero. El cancer de cuello de itero es la malignidad mas comin en los palses
desarrollados, con aproximadamente 500.000 nuevos casos que se producen
en el mundo cada afio.

Otros VPH de particular interés con respecto a cancer son los tipos 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73, 82, 26, 53, y 686.

Las particulas que parecen virus VPH (PLV) se han sugerido como
vacunas potenciales para tratamiento de VPH. Una vacuna bivalente que utiliza
las PLV se ha mostrado que es eficaz en la prevencién de infeccion con los
tipos 16 y 18 de VPH en mujeres jévenes (Lancet, vol 364, publicacién 9447,

&
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noviembre de 2004, paginas 1757 - 1765).
Todavla existe una necesidad de una vacuna que proteja contra los
tipos miltiples de VPH (por ejemplo > 2).

La presente invencién se dirige a esta necesidad.

Resumen de la invencién
En un primer aspecio la invencién se refiere a una composicion
inmunogénica que comprende las PLV de VPH 16 y 18 y al menos otro tipo de
cancer de VPH, el otro tipo de cAncer se selecciona entre la lista constituida por
los tipos 31, 45 y 52 de VPH, en los que la dosis de la PLV de al menos otro de
los tipos de cancer se reduce con relacion a la del VPH 16 6 18.

En un aspecto relacionado la invencién se refiere a una composicién
inmunogénica que comprende las PLV del VPH 16 y al menos otro tipo de
cancer de VPH, el otro tipo de cancer seleccionandose entre la lista constituida
los por tipos 31 y 52 de VPH, en los que la dosis de la PLV de al menos otros
tipos de céncer se reduce con relacién al VPH 16.

En un aspecto relacionado la invencién se refiere a una composicion
inmunogénica que comprende las PLV del VPH 18 y VPH 45, en las que la
dosis del VLP del VPH 45 se reduce con relacién a la del VPH 18.

La invencién ademas se refiere a una composicién inmunogénica como
se ha definido anteriormante en combinacién con un adyuvante y/o vehiculo.

La invencidn ademés se refiere a una vacuna que comprende una
composicidn inmunogénica como se ha definido anteriormente con un
excipiente farmacéuticamente aceptable.

La invencién ademéas se refiere a un procedimiento de pre\'renciOn de

\0®
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infeccién y/o enfermedad de VPH gque comprende la administracién a un
individuo en necesidad del mismo de una composicion o vacuna como se ha
definido anteriorments.

La invencién ademés se refiere a un procedimiento para preparar una
composicién inmunogénica como se ha definido anteriormente que comprende
la mezcla de las PLV de los VPH 16 y 18 con al menos otro tipo de cancer de
VPH, el otro tipo de cancer seleccionandose entre la lista constituida por los
tipos 31, 45, y 52 de VPH, en los que la dosis de la PLV de al menos otros tipos
de céancer se reduce con relacion a la de los VPH 16 6 18.

Los aspectos anteriores de la invencion también pueden emplear

capsdmeros de VPH en lugar de las PLV.

Descripcion detallada

Los inventores han determinado sorprendentemente que las PLV de los
VPH 16 y 18 pueden proporcionar proteccién cruzada contra Infeccién y/o
enfermedad por clertos tipos de céncer distintos de VPH, es decir, VPH 31,
VPH 45 y VPH 52. Los datos se proporcionan en los ejemplos en esta memoria
descriptiva.

La proteccidn cruzada se puede considerar como la proteccién
proporcionada por una vacuna que contiene un tipo de VPH contra infeccién
(incidente o persistente) y/o enfermedad producida por un tipo de VPH
diferents. La infeccidn incidente y persistente se definen como en la publicacién
de Lancet por Harper y col., vol. 364, publicacién 8447, noviembre 2004,
paginas 1757 - 1765. La proteccién cruzada se puede evaluar considerando la

eficacia de la vacuna (V. E.), en al que Ja V. E. es la % de mejora en proteccién
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contra la infeccién por la vacuna comparada con un grupo placebo para un tipo
dado.

De acuerdo a lo anterior, las vacunas de VPH que comprenden las PLV
de VPH 16 y 18 se pueden formular usando una dosis inferior de otros tipo de
PLV de cancer {(no - VPH 16/18) (31, 45 6 52) que de otra manera se
requerirfan en ausencia de las PLV de VPH 16 y 18, mientras que todavia
logran la misma respuesta protectora contra infeccién por VPH incidente y/o
persistente para ese otro tipo. Puede ser ventajosa la reduccién de la dosis de
las PLV de otro tipo de céncer en un escenario de vacuna multivalente, sin
impacto significativo sobre la proteccién producida por aquellos otros tipos
cuando la cantidad total de antigeno se puede limitar; por ejemplo, mediante
restricciones flsicas, quimicas o reguladoras. También se permite que se
produzcan més dosis de una vacuna para una cantidad dada de antigeno y
puede potencialmente reducir el coste global de la vacuna.

La dosis de PLV en esta memoria descriptiva es convenientemente la
cantidad de PLV, medida en peso.

En otras palabras, para lograr la misma respuesta protectora contra
infeccion incidente y/o persistente, la dosis de otros PLV de tipo canceroso (no
VPH 186/VPH 18) que necesitan usarse en combinacién con las VLP de VPH 16
ylo VPH 18 se pueden reducir comparada con el nivel que se requiere en
ausencia de tales tipos de PLV 16 y/o 18.

De este modo la invencion se refiere a una composicién inmunogénica
que comprende las PLV de ios VPH 16 y 18 y al menos otro tipo de céncer de
VPH, el otro tipo de cancer seleccionandose entre la lista constituida los por
tipos 31, 45 y 52 de VPH, en los que la dosis de la PLV de al menos otros tipos
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de céncer se reduce con relacién al de VPH 16 6 18.

En un aspecto altemativo la invencion se refiere a una composicién
inmunogénica que comprende las PLV de los VPH 16 y 18 y al menos otro tipo
de cancer de VPH, el otro tipo de céncer selecciondndose entre la lista
constituida los por tipos 31, 45 y 52 de VPH, en los que la dosis de la PLV de
al menos otros tipos de cancer se reduce con relacién a los que se requieren
de otra manera, en ausencia de las PLV de VPH 16 y 18, que genera la misma
proteccion contra infeccion por VPH incidente y/o persistente por ese tipo ofro
tipo de cancer.

En un aspecto la dosis del otro PLV de tipo canceroso (no VPH 16, 18)
es suficiente para proporcionar proteccion contra infecciéon incidente y/o
persistente por ese tipo, y en un aspecto de la invencion la protecciéon de la
invencion contra al menos infeccion incidents.

En un aspecto de la invencién la composicion de la invencién es
adecuada para proteccién de infeccién y /o enfermedad en sujetos humanos.

Se puede determinar una dosis adecuada mediante, por ejemplo,
ensayos en seres humanos tales como los descriios en los ejemplos en esta
memoria descriptiva.

La proteccion contra ia infeccién incidente y/o persistente mediante un
tipo de VPH dado, tal como por ejemplo VPH 186, 18, 31, 45 6 52, la proteccién
es convenientemente en el 50% de una poblacién vacunada contra infeccion
por ese tipo, y en un aspecto de la invencién es 60% de proteccion, en un
aspecto adicional 70% de proteccidon, en un aspecto adicional 80% de
proteccién, en un aspecto adicional 90% de protecclén, en un aspecto adicional
95% de proteccion, en un aspecto adicional 86% de proteccién, en un aspecto

122
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adicional 97% de proteccién, en un aspecto adicional 98% de proteccién, en un
aspecto adicional 99% de proteccién y todavia en un aspecto adicional 100%
de proteccion.

Convenientemente esta proteccion se evalia sobre un periodo de al
menos 6 meses, tal como durante un periodo de al menos 9 meses, al menos 1
afio, al menos 18 meses, convenientemente durante un periodo de 2 afios o
més de 2 aflos.

En un aspecto de la invencidn, la proteccién se ve contra infeccién o
enfermedad producida por VPH 18 y/o VPH 18, y en un aspecto infeccion y/o
enfermedad tanto por VPH 16 como VPH 18.

La prevencién de la infaccion se puede evaluar mediante andlisis de
especies de VPH presentes en individuos vacunados, por ejemplo mediante
andlisis de PCR y/o técnicas de hibridacion tales como las descritas en los
documentos WO 03014402 y WO 9814377, incorporados en esta memoria
descriptiva como referencia.

Cuando la composicién inmunogénica de la invencién comprende las
PLV tanto de VPH 16 como 18 entonces las PLV de tipo canceroso no de VPH
16/48 es tipo 31, o tipo 45, o tipo 52, 0 una combinacién de los mismos. En un
aspecto la composicion inmunogénica de la invencion comprende las PLV de
VPH 16, 18, 31 y 45. En un aspecto la composicion inmunogénica de la
invencién comprende las PLV de VPH 16, 18, 31 y 52. En un aspecto la
composicion inmunogénica de la invencidon comprende las PLV de VPH 16, 18,
45 y 52. En un aspecto la composicién inmunogénica de la invencién
comprende las PLV de VPH 16, 18, 31, 52 y 45. Cuando hay 2 o méas otras
PLV de tipo canceroso (por ejemplo, 31, 45, 31 y 52, 45 y 52), entonces al
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menos uno de estos otros tipos de cancer estd presente a una dosis que se
reduce al de VPH 16 o VPH 18.

En un aspecto la dosis de VPH 31 se reduce con relacién al del VPH 18.

En un aspecto la dosis de VPH 52 se reduce con relacion al del VPH 18.

En un aspecto la dosis de VPH 45 se reduce con relacién al del VPH 18.

Convenientemente las composiciones inmunogénicas como se han
definido anteriormente proporcionan proteccién contra infeccién incidente y/o
infeccién persistente y/o enfermedad producida por VPH 16, VPH 18 y uno o
més de los otros tipo de VPH (31, 45 6 52) presentes en los grupos
enumerados anteriormente, tal como infaccion incidente.

Cuando una composicién inmunogénica de la invencion comprende las
PLV de VPH 16 pero no las PLV de VPH 18 entonces convenientemente el tipo
de céncer de PLV no VPH 16/18 es el tipo 31 y/o tipo 52.

Cuando una composicién Inmunogénica de la invencidn comprende las
PLV de VPH 18 pero no las PLV de VPH 18 entonces convenientamente el tipo
de céncer de PLV de VPH 16/18 es el tipo 45.

En un aspecto de la invencién la composicién comprende las PLV de
VPH 16 y 18 en combinacién con cualquiera o las PLV de tanto VPH 31 como
VPH 45.

En un aspecto de la invencién la composicién comprende al menos las
PLV de VPH 16 en combinacién con las PLV de VPH 31.

La composicidn de la invenciéon puede comprender, ademas de las PLV
a dosis reducida, otras PLV de VPH a cualquier dosis adecuada. Por ejemplo,
la composiciéon de la invencién puede comprender tipos de céncer de “alto
riesgo” tal como uno o mas de los VPH 33, 35, 39, 51, 56, 58, 59, 66, 6 68.

W\
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En un aspecto la composicién puede comprender los también llamados
tipos de “verrugas genitales® tales como VPH 6 y/u 11, o también llamados
tipos “de piel” tales como VPH 5 y/u 8. En un aspecto las PLV adicionales estan
presentes a la misma dosis o mayor que VPH 16y/o VPH 18.

En un aspecto la composicién puede comprender adicionalmente los
también llamado tipos de “verrugas genitales” tales como VPH 6 y/u 11, o
también llamados tipos de “piel” tales como VPH 5 y/u 8. En un aspecto las
PLV adicionales estin presentes en la misma dosis o mayor que VPH 16 y/o
VPH 18.

En un aspecto de la invencién la composicion comprende las PLV de
VPH 39 y VPH 51 y la dosis de al menos uno de éstos se reduce con ralacion
a VPH 16 y/o VPH 18.

En un aspecto la cantidad de cualquier PLV adicional se selecciona de
manera que proporcione algin grado de proteccion contra infeccidon o
enfermedad contra el (los) tipo (s) adicionales.

Ciertas composiciones de la invencion, individualizadas a continuacion,

comprenden la siguiente dosis de las PLV:

Nimero de|PLV de VPH|PLV de VPH|PLV de VPH|PLV de VPH
composicion |16 (»g) 18 (ug) 31 (ug) 45 (1g)

1 20 20 10 10

2 20 30 10 10

3 20 30 20 20

4 30 20 10 10

(v
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Convenientemente no existe interferencia significativa o biol6gicamente
relevante entre las PLV de VPH en la composicién de la invencién, de manera
que la vacuna de PLV combinada de la invencién es capaz de ofrecer
protecciébn eficaz contra la infeccion por cada tipo de PLV de VHP
representada en la vacuna. Convenientemente la respuesta inmune contra un
tipo de PLV dado en al combinacién es al menos 50% de la respuesta inmune
del mismo tipo de PLV cuando se mide individuaimente, preferiblemente 100%
o sustancialmente 100%. Para respuestas de los componentes de VHP 16 y
VHP 18, la vacuna combinada de la invencién preferiblemente estimula una
respuesta inmune que es al menos 50% de la proporcionada por una vacuna
de PLV de VHP 168 / VHP 18. Convenientemente la respuesta inmune generada
por la vacuna de la invencién esta a un nivel en el que el efecto protector de
cada tipo de PLV se ve todavia. La respuesta inmune se puede medir
convenientements, por ejemplo, mediante respuestas de anticuerpos que usan
técnicas convencionales tales como ELISA, y mediante ensayos clinicos como
se describen en esta memoria descriptiva.

En un aspecto la composicién de la invencidn no comprende un proteina
de choque por calor o fragmento de la misma.

En un aspecto la composicién de la invencibn no comprende una
proteina o péptido L2 de VHP. En otro aspecto la composicion de la invencién
comprende una proteina o péptido L2 de VHP.

Las PLV de VHP y procedimientos para la produccién de las PLV se

conocen bien en la técnica. Las PLV tipicamente se construyen a partir de las
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protelnas estructurales L1 y L2 del virus, véanse por ejemplo, los documentos
WO 9420137, WO 9628413 y WO 9405792. Cualquier PLV de VHP se puede
usar en la presente invencion tal como PLVdeL1oL1 +L2.

La formacibn de PLV se puede evaluar mediante técnicas
convencionales tales como, por ejemplo, microscopla electrdnica y dispersidn
de luz laser dinamica.

En un aspecto de la invencién la PLV es una PLV L1 solamente.

La PLV puede comprender la proteina L1 de longitud completa.

En un aspecto de la invencion la proteina L1 usada para formar la PLV
os una protelna L1 truncada. Las proteinas L1 de VHP truncadas se describen
en, por ejemplo, el documento US 6361778, incorporado en esta memoria
descriptiva como referencia. En un aspecto adicional el truncamiento es un
truncamiento C terminal. En un aspecto adicional el truncamiento C terminal
elimina menos de 50 aminoécidos, convenientemente y preferiblemente menos
de 40 aminoéacidos. Convenientemente la secuencia de L1 de VHP 16
comienza en el segundo codén de metionina, por ejemplo como se muestra en
la secuencia mas adelante, o posiciones anélogas en los otros tipos de VHP,
Cuando la PLV es una PLV de VHP 16 entonces en un aspecto el truncamiento
C terminal elimina 34 aminodcidos de la secuencia de L1 de VHP 16. Cuando
la PLV es una PLV de VHP 18 entances en un aspecto el truncamiento C
terminal elimina 35 aminoécidos de la secuencia de L1 de VHP 18.

En un aspecto la sacuencia de VHP 16 es |a secuencia siguiente:

1Y



1
MSLWLPSEATVYLPPVFVSKVVSTDEYVARTNIYYHAGTSRLLAVGHPYFPIKKPNNNKI 60
LVPKVSGLQYRVFRIHLPDFNKFGFPDTSFY NPDTQRLVWACVGVEVGRGQPLAVGISGH 120
PLLNKLDDTENASAYAANAGVDNRECISMDYKQTQLCLIGCKPPIGEHWGKGSPCTNVAV 180
NPADCPPLELINTVIQDGDMVDTGFGAMDFTTLQANKSEVPLDICTSICKYPOYIRMVSE 240
PYGDSLFFYLRREQMFVRHLFNRAGAVGENVEDDLYTKGEGSTANLASSNYFPTPSASMY 300
TYDAQIFNKPY WLQRAQGHNNGICWGNQLFVTVVDTTRSTNMSLCAAISTSETTYKNTNF 160
KEYLRHGEEYDLQFIPQLCKITLTADVMTYIHSMNS TILEDWNFGLQPPEGGTLEDTYRF 420
VTSQAIACQKHTPPAPKEDPLKK Y TFWEVNLKBKFSADLDQFPLGRKFLLQ 47

La secuencia de VHP 16 también puede ser la descrita en el documento

WO 8405792 o US 6649167, por ejemplo, convenientements truncada. Los
truncamientos adecuados estdn truncados en una posicién equivalente de

5 manera como se ha mostrado anteriorments, como se determina mediante

comparacion de secuencias.

En un aspecto la secuencia de VHP 18 es |a siguiente secuencia:

MALWRPSDNTVYLPPPSVARVVNTDDY VTRTSIFYNAGSSRLLTVGNPYFRYPAGGGNKQ 60
DIPKVSAYQYRVFRVQLPDPNKFGLPDNSTYNPETQRLVWACVAVRIGROQPLGVGLSGH 120
PFYNKLDDTESSHAATSNVSEDVRDNVSVDYKQTQLCILGCAPAIGEHWAKGTACKSRPL 180
SQGDCPPLELKNTVLEDODMYDTGY GAMDFSTLQDTKCEVPLDICQSICKY PDYLQMSAD 240
PYGDSMFFCLRREQLFARHFWNR AQTMGDTVPPSLYIKGTGMRASPGSCVYSPSPSGSIV 300
TSDSQLFNKPYWLHKAQGHNNGOVCWHNQLFVTVVDTIRSTNLTICASTQSPVPAQYDATK 360
FKQYSRHVEEYDLQFIFQLCTITLTADVMS YIHSMNSSILEDWNFGVPPPPTTSLVDTYR 420
10 FVQSVAITOQKDAAPAENRDPYDKLKFWNVDLKEXFSLDLDQYPLGRKFLVQ 4m2

Una secuencia de VHP 18 altemnativa se describe en el documento WO

9628413, que puede estar convenientemente truncada. Los truncamientos

adecuados estdn truncados en una posicidn equivalente a la mostrada

anteriormente, como se determina por comparacién de secuencias.
15 Otras secuencias de VHP 16 y VHP 18 se conocen en la técnica y
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pueden ser adecuadas para uso en la presente invencion.

Los truncamientos adecuados de VPH 31, VHP 45 y VHP 52 también se
pueden realizar, adecuadamente retirando las porciones C terminales
equivalentes de la proteina L1 a las descritas anteriormente como se determina
mediante alineacion de secuencias.

Las protelnas L1 truncadas se describen en, por ejemplo, los
documentos WO 9811272 y US 6066324, que se incorporan en esta memoria
descriptiva como referencia.

En un aspecto las proteinas L1 truncadas son convenientemente
derivados de la protelna L1 funcional, capaces de inducir una respuesta
inmune (si es necesario, cuando convenientemente se acompafia de
adyuvante), dicha respuesta inmune siendo capaz de reconocer una PLV
constituida por la proteina L1 de longitud completa y/o el tipo de VHP de la que
se deriva la proteina L1.

Las PLV de la invencién también pueden comprender otros fipos de
derivados de proteinas funcionales, que incluyen mutantes de las proteinas L1
de VHP de longitud completa o truncadas tales como mutantes de supresion,
sustitucion, o insercién. La proteina L1 o derivada también puede ser una
proteina de fusién, tal como la fusién de la proteina L1 con L2 o una proteina
temprana. La protelna L1 del derivado de protelna funcional es capaz de formar
una PLV, y la formacién de PLV se puede determinar mediante técnicas
convencionales tales como, por ejemplo, microscopla electronica y dispersién
de luz de laser dinamica.

Las PLV también se pueden preparar en cualquier sustrato celular

adecuado tal como células de levaduras o células de insecto, por ejemplo,

o
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células de baculovuirus, y técnicas para la preparacion de PLV se conocen bien
en la técnica, tal como los documentos WO 9913056 y US 6245568, y las
referencias en ellos, cuyos contenidos se incorporan en esta memoria
descriptiva como referencia.

En un aspecto las PLV se preparan mediante técnicas de
desacoplamientos y reagrupacién, que pueden proporcionar las PLV de
papilomavirus més estables y/o homogéneos. Por ejemplo, McCarthy y col.,
1988 “Quantitative Disassembly ad Reassembly of Human Papillomavirus Type
11 Viruslike Particles In Vitro® J. Virology 72 (1): 33 - 41, describe el
desacoplamiento y reagrupacién de las PLV de VHP 11 L1 purificados a partir
de células de insecto con el fin de obtener una preparacién homogénea de las
PLV. Los documentos WO 9913056 y US 6245568 también describen
procedimientos de desacoplamiento y reagrupacién para preparar las PLV de
VHP,

En un aspecto las PLV de VHP de al invencién se preparan como se
describe en los documentos WO 8913056 y US 6245568.

Las PLV de al invencién se pueden combinar con un adyuvante o
inmunoestimulante tal como, pero sin limitacién, lipido A detoxiﬁcédo a partir
cualquier secuencia y derivados no tdxicos del lipido A, saponinas y otros
reactivos capaces de estimulacién de una respuesta de tipo de TH1.

Se ha conocido desde hace tiempo que el lipopolisacarido
enterobacteriano (LPS) es un potente estimulador del sistema inmune, aunque
su uso en adyuvantes se ha restringido por sus efectos toxicos. Un derivado no
téxico de LPS, lipido A monofosforilo (MPL), producido por la eliminacién de
grupo carbohidrato central y el fosfato de la glucosalina de extremo reductor, lo

uy
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han descrito Ribi y col (1986, Immunology and Immunophammacology of
bacterial endotoxins, Plenum Publ. Corp., NY, p. 407 - 419) y tiene la siguiente
estructura:

Una versién adicional detoxificada de MPL se produce por la eliminacion
de la cadena acilo de la posicién 3 de la estructura central de disacarido, y se
llama lipido A monofosforilo 3-O-desacilado (3D-MPL). Se puede purificar y
preparar mediante los procedimientos mostrados en GB 2122204B, cuya
referencia también describe la preparacién de lipido A difosforilo, y las
variantes 3-O-desaciladas del mismo.

En un aspecto el 3D-MPL esté en la forma de una emulsién que tiene un

1\
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tamafio medio de particula menor que 0,2 um de didmetro, y su procedimiento
de fabricacién se describe en el documento 84/21292. Las formulaciones
acuosas que comprenden el lipido A monofosforiio y un tensioactivo se han
descrito en el documento WO 9843670A2.

El lipopolisacarido bacteriano derivado de adyuvantes a formularse en
las composiciones de la presente invencion se pueden purificar y procesar a
partir de fuentes bacterianas, 0 como altemativa pueden ser sintéticas. Por
ejemplo, el lipido A monofosforilo purificado se describe en Ribi y col., 1886
(anteriormente), y lipido A moncfosforilo o difosforilo 3-O-desacilado derivado
de Salmonelia sp. se describe an el documento GB 2220211 y US 4912084. Se
han descrito otros lipopolisacaridos purificados y sintéticos (Hilgers y col.,
1986, Int. Arch. Allergy. Immunol., 79 (4): 392 - 6; Hilgers y col., 1887,
Immunology, 60 (1): 141 - 6; y el documento EP 0 549 074 B1). En un aspecto
el adyuvante de lipopolisacérido bacteriano es 3D - MPL.

De acuerdo a lo anterior, los derivados de LPS que se pueden usar en la
presente invencién son aquellos inmunoestimulantes que son similares en
estructura a la de LPS o MPL o 3D - MPL. En otro aspecto de la presente
invencion los derivados de LPS pueden ser un monosacarido acilado, que es
una sub - porcidn de la estructura anterior de MPL.

Las saponinas se describen en: Lacaille - Dubois, M y Wagner H. (1996.
A review of the biological and pharmacological activities of saponinas.
Phytomedicine vol. 2 pp. 363 - 386). Las saponinas son glicésidos esteroides o
triterpenos ampliamente distribuidas en el reino vegetal y animal marino. Las
saponinas se observa que forman soluciones coloidales en agua que forman

espuma tras agitacion, y que precipitan colesterol. Cuando las saponinas estan
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cerca de las membranas celulares crean estructuras de tipo poro en la
membrana que produce que la membrana reviente. La hemdlisis de eritrocitos
@8 un ejemplo de este fendbmeno, que es una propiedad de ciertas, pero no
todas, las saponinas.

Las saponinas se conocen como adyuvantes en vacunas para la
administracién sistémica. El adyuvante y actividad hemolitica de saponinas
individuales se ha estudiado extensivamente en la técnica (Lacallle - Dubois y
Wagner, anteriormente). Por ejemplo, Quil A (derivada de la corteza del arbol
de Sur América Quillaza Saponaria Molina), y las fracciones de la misma, se
describen en el documento US 5.057.540 y “Saponins as vaccine adyuvants®,
Kensil, C. R., Crit Rev Ther Drug Carrier Syst, 1996, 12 (1 - 2): 1 - 55; y el
documento EP 0 362 279 B1. Las estructuras particuladas, denominadas
complejos estimulantes inmunes {(ISCOMS), que comprenden fracciones de
Quil A son hemoliticas y se han usado en la fabricacién de vacunas (Morein, B.,
documentos EP 0 109 942 B1; WO 86/11711; WO 96/33739). Las saponinas
hemoliticas QWS21 y QS17 (fracciones purificadas por HPLC de Quil A) se han
descrito como adyuvantes sistémicos potentes, y el procedimiento. de su
produccién se describe en la patente de Estados Unidos N°. 5.057.540 y el
documento EP 0 362 278 B1. Otras saponinas que se han usado en estudios
de vacunacién sistémica incluyen las derivadas de otras especies vegetales
tales como Gypsophila y Saponaria (Bomford y col., Vaccine, 10 (9). 572 - §77,
1992).

Un sistema potenciado implica la combinacién de un derivado de lipido A
no téxico y un derivado de saponina particularmente la combinacion de QS21 y
3D -MPL como se describe en el documento WO 94/00153, o una composicitn
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menos reactogénica en la que ia QS21 se inactiva con colesterol como se
describe en el documento WO 96/33739.

En un aspecto el adyuvante es una formulacién de adyuvante
particularmente potente que implica QS21 y 3D - MPL en una emulsion aceite
en agua y se describe en el documento WO 95/17210.

De acuerdo a una realizacién de la presente invencibn se proporciona
una composicion acompafiada de adyuvante con lipido A detoxificado o un
derivado no téxico del lipido A, més preferiblemente acompafiada de adyuvante
con un lipido A monofosforilo o los derivados del mismo.

En un aspecto la composicién adicionaimente comprende una saponina,
mas preferiblemente QS21.

En un aspecto la formulacién de adyuvante adicionalmente comprende
una emulsion aceite en agua. La presente invencién también proporciona un
procedimiento para producir una formulacién de vacuna que comprende la
mezcla de una PLV de la presente invenciébn junto con un excipiente
farmacéuticamente aceptable, tal como 3D - MPL.

Los componentes adicionales que estdn preferiblemente presentes en
una composicion acompafiada de adyuvante seglin la invencidn incluyen
detergentes no tdxicos tales como los octoxinoles y polioxietilen ésteres como
8o describe en esta memoria descriptiva, particularmente t-hidroxiapatitafenoxi
polietoxietanol (Triton X - 100) y monooleato de polioxietilen sorbitdn (Tween
80); y sales biliares 0 derivados de &cido cdlico como se describe en esta
memoria descriptiva, en particular desoxicolato o taurodesoxicolato sédico. En
un aspecto la formulacién de adyuvante comprende 3D - MPL, Triton - 100,

Tween 80 y desoxicolato sddico, que se puede combinar con una PLV de VPH

U
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proporcionando una vacuna adecuada.

En una realizacién de la presente invencién, la composicién comprende
una formulacion de adyuvante vesicular que comprende colesterol, una
saponina y un derivado de LPS. A este respecto la formulaciéon de adyuvante
puede comprender una vesicula unilamelar que comprende colesterol, que
tiene una bicapa lipidica convenientements comprendiendo dioleil fosfatidil
colina, en la que la saponina y el derivado de LPS se asocian a, o estan
embebidas dentro, de la bicapa lipidica. Méas preferiblemente, estas
formulaciones de adyuvantes comprenden QS21 como la saponina, y 3D - MPL
y el derivado de LPS, en los que la relacién de QS21: colesterol esta entre 1:1
a 1:100 peso/peso, y lo mas preferiblemente 1:5 peso/peso. Tales
formulaciones de adyuvantes se describen en el documento EP 0 822 831 B,
cuya descripcidn se incorpora en esta memoria descriptiva como referencia.

En un aspecto la composicion de la invencién se usan en combinacion
con aluminio, y se absorben convenlentemente o parciaimente absorbidos en
adyuvante de aluminio. Convenientemente el adyuvante es una sal de aluminio,
que en un aspecto estd en combinacién con 3D MPL, tal como fosfato de
aluminio y 3D MPL.

En otro aspecto el adyuvante es hidrdxido de aluminio, opcionalmente en
combinacion con 3D MPL. En otros aspecto la composicion es la combinacién
de las PLV con una sal de aluminio o con una sal de aluminio + 3D MPL. En
un aspecto de la invencién la sal de aluminio es hidréxido de aluminio.

La composicion de la invencién también puede comprender aluminio o
un compuesto de aluminio como estabilizador.

La presente invencion generalmente se refiere a combinaciones de PLV.
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Sin embargo, se aprecia que el componente esenclal de la PLV es una proteina
L1. Las proteinas L1 se asocian para formar pentdmeros (capsémeros) que
despuéds se teselan (agrupan) para formar las PLV. Como tal la presente
invenciéon se refiere a composiciones inmunogénicas como se ha descrito
anteriormente comprendiendo proteina L1, o capsémeros que comprenden
proteina L1, en lugar de PLV como se describe en esta memoria descriptiva.
Convenientemente las proteinas L1 son capaces de estimular una respuesta
inmune  protector.  Convenientemente las  protelnas L1 son
conformacionalmente comectas.

Para evitar dudas la invencién de este modo también se refiere al uso de
derivados de L1 funcionales como se ha descrito anteriormente, tales como
truncamientos de L1, mutantes por supresién, sustitucion o insercion, y
protelnas de fusiéon, convenientemente aquellos que son capaces de provocar
una respuesta inmune capaz de reconocer un virus de VPH. Los capsdmeros
que comprenden tales proteinas también se incluyen en la presente invencion.
Los capsémeros como agentes inmunogénicos se describen en, por ejemplo, el
documento WO 0204007. El documento WO 9901557 también describe
composiciones que contiene capsémeros de VPH. Las protelnas L1, derivados
y capsémeros se pueden usar de al misma forma como se ha dascrito para las
PLV anteriormente.

De este modo la invencion también se puede ver que se refiere a una
composicién inmunogénica que comprende una protelna L1, o un derivado
funcional de la misma, a pariir de VPH 16 y 18 y al menos otro tipo canceroso
de VPH, el otro tipo de céincer seleccionéndose entre la lista constituida por los
tipos de VPH 31, 45 y 52, en las que la dosis de protelna L1, o derivado de la

Nt



10

15

20

25

20

misma, de al menos otro tipo de céncer se reduce con relacién a la del VPH 16
6 18.

De este modo la invencién se puede observar que se refiere a una
composicién inmunogénica que comprende un capsémero de VPH de VPH 16
y 18 y al menos ofro tipo de cancer de VPH, el otro tipo de céncer
selecciondndose entre la lista constituida por los tipos de VPH 31, 45 y 52, en
los que la dosis del capsémero de al menos otro tipo de cancer se reduce con
relacién & la del VPH 16 6 18.

En un aspecto la invencién se refiere a una composicién inmunogénica
como se ha descrito anteriormente en combinacidn con un excipiente
farmacéuticamente aceptable. Los excipientes adecuados se conocen bien en
la técnica e incluyen por ejemplo tampones y agua.

Las composiciones y vacunas de la invencién se pueden proporcionar y
distribuir mediante cualquiera de una diversidad de vias tales como oral, tpica,
subcutdnea, mucosal (tipicamente intravaginal), intravenosa, intramuscular,
intranasal, sublingual, intradérmica y mediante supositorio.

En un aspecto de la invencién la composicibn o vacuna se puede
formular o co - administrar con un antigeno temprano de VPH, por ejemplo un
antigeno seleccionado entre la lista constituida por VPH E1, E2, E3, E4, ES,
E6, E7, y E8. En un aspecto alternativota vacuna puede carecer de un
antigeno temprano de VPH, por ejemplo un antigeno seleccionado entre la lista
constituida por VPH E1, E2, E3, E4, E5, E6, E7 y ES.

Opcionalmente la composicién o vacuna también se puede formular o co
- administrar con antigenos no - VPH. Convenientemente estos antigenos no

VPH pueden proporcionar proteccion contra otras enfermedades, lo mas
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preferiblemente enfermedades transmitidas sexualmente tales como virus
herpes simplex, VHB, clamiladia y VIH. Los inventores particularmente
prefieren que la composicién o vacuna comprenda gD o un truncamiento de la
misma de VSH, convenientemente un truncamiento C terminal de de VSH - 2
conocido como gD2t. De esta forma la composicidn o vacuna proporciona
proteccién contra tanto VPH como VSH,

La dosificacién de la composicién o componentes de vacuna variaran
con la condicién, sexo, edad y peso del individuo, la via de administracién y
VPH de la vacuna. La cantidad también puede variar con el namero de tipos de
PLV. Convenientemente la distribucion es de una cantidad de vacuna
adecuada para generar una respuesta inmunolégicamente protectora.
Convenientemente cada dosis de vacuna comprende 1 - 100 g de cada PLV,
en un aspecto 5 - 80 ig, en un aspacto adicional 5 - 30 g de cada PLV, en un
aspecto adicional 5 - 20 yg de cada ug de cada PLV con todavla aspectos
adicionales siendo especificamente 5 ug, 6 19, 10 zg, 15 ug o 20 ug.

Las dosis adecuadas para uso en seres humanos tipicamente incluyen
20 - 40 ug de PLV de VPH 16 y VPH 18, con dosis reducidas de los otros tipos
de cancer de VPH (31, 45, 52) como se ha dewscrito en esta memoria
descriptiva, convenientemente a un nivel menor de 20 ug por PLV,
convenientemente a un nivel que es capaz de provocar una respuesta
protectora inmune en al menos algunos individuos vacunados.

Otras dosis adecuadas para uso en seres humanos pueden comprender
cantidades inferiores de VPH 16 y/o 18, con tal que tales dosis sean
protectoras en seres humanos como se puede determinar usando ensayos

indicados en esta memoria descriptiva. Por ejemplo tales dosls pueden ser
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apropiadas cuando las PLV de la invencién se combinan con adyuvantes
fuertes.

En un aspecto la composicién de la invencién comprende 20 ug de VPH
16, 20 ug de VPH 18 y entre 5§ - 18 ug de cada PLV del otro tipo de cédncer (31,
45 4 52), por ejemplo 5 - 15 ug, y en un aspecto adicional especificamente 5, 6,
7,8,9, 10, 11, 12, 13, 14 6 15 ug de PLV de cada tipo de céncer de no VPH
16/18.

En un aspecto la composicién de la invencién comprende 10 - 15 ug de
VPH 16, 10 - 15 yugde VPH 18 y entre 5 - 9 ug de cada PLV del otro tipo de
céncer (31, 45 6 52), y en un aspecto especificamente 5, 6, 7, 8 6 9 ug de PLV
de cada tipo de céncer de VPH 16/18.

En un aspecto la relacién en peso de PLV de VPH 16 a otro PLV de tipo
canceroso (31, 45 6 52) esta en el intervalo de 1: 0,9 - 1:0,1 (VPH 16: otro
tipo), convenientemente en el intervalo de 1: 0,9 - 1:0,3, convenientemente
1:0,8 - 1:0,4.

En un aspecto la relacién en peso de PLV de VPH 18 a otro PLV de tipo
canceroso (31, 45 6 52) esta entre 1:09 - 1:0,1, (VPH 18: otro tipo),
convenientemente en el intervalo de 1:0,9 - 1:0,32, convenientemente 1:0,8 -
1:04.

En otras palabras, una dosis reducida es convenientemente 10 - 80% de
la dosis de las PLV de VPH 16 0 VPH 18, y en un aspecto es 20 - 80% de la
dosis de las PLV de VPH 16 o VPH 18, en un aspecto adicional 30 - 70%,
todavia en un aspecto adicional 30 - 60%, y especificamente 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80% o 90% de la dosis de VPH 16 o VPH18.

En un aspecto la composicién se usa convenientemente para prevenir



10

15

20

25

23

uno o méas de: infeccién por VPH - 16 y/o VPH - 18, infeccién por VPH - 18 y/o
VPH - 18 persistente y neoplasia de cuello de (tero asociada a VPH - 16 y/o
VPH - 18.

Convenientemente el uso de la composicion inmunogénica de la
invencién se usa para prevenir neoplasia de cuello de dGtero y/o infeccion
incidente y/o infeccion persistente asociada a iInfeccién por otros tipos
oncogénicos (no VPH 16, 18).

Convenientemente la composicién inmunogénica de la invencion se usa
en la inmunizacién activa de adultos y mujeres adolescentes desde la edad de
10 afios en adelante. Para todas las composiciones y vacunas de la invencion
la composicibn o vacuna se usa convenientemente para la vacunaciéon de
chicas adolescentes de edad entre 10 y 15, preferiblemente 10 - 13 afios. La
composicién o vacuna también se puede administrar a mujeres adultas de méas
edad después de un frotis de PAP anémalo o después de clrugia que sigue a
la retirada de una lesién producida por VPH, o que son seronegativos y ADN
negativo para tipos de céncer de VPH. Las mujeres de 10 - 55 afios son otro
grupo diana adecuado. En otro aspecto la vacuna se puede usar en chicas y
mujeres de todas las edades, desde nifias en adelante, en un aspecto adicional
se puede proporcionar & chicos u hombres. En un aspecto adicional la vacuna
se puede usar terapéuticamente en mujeres que son seropositivos para el virus
de VPH.

En un aspecto la composicién de la invencidon se usa para prevenir o
tratar cancer de cuello de Gtero, o estados patolégicos CIN I, CIN 1l o CIN I
producidos por infeccién por VPH.

En un aspecto la invencion la vacuna se distribuye en un régimen de 2 6

\’L,T
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3 dosis, por ejemplo un régimen de 0, 1 mes o un régimen de 0, 2 meses, 0 un
régimen de 0, 2, 6 meses o un régimen 0, 1 y 6 meses respectivamente.
Convenientements el régimen de vacunacién incorpora una inyeccidn de
recuerdo después de 3 a 10 aflos, 0 5 - 10 afios, tal como preferiblemente 3, 4,
5,6,7,8,9610 afios.

En un aspecio la composicibn o vacuna de la invencién es una
formulacion de vacuna liquida, aunque la vacuna se puede liofilizar y
reconstituir antes de administracién. También se pueden usar las formulaciones
topicas tales como, por ejemplo, cremas intravaginales.

La descripcion de todas las referencias en (a presente solicitud, que
incluye solicitudes de patente y patentes concedidas, se incorporan en esta
memoria descriptiva en su totalidad como referencia.

Las composiciones y vacunas de la invencién comprenden ciertos
componentes de VPH como se ha establecido anteriormente. En un aspecto
adicional de la invencion la vacuna consta esencialmente de, o esta constituida
por dichos componentes.

La presente invencién se ilustra en esta memoria descriptiva como
referencia a los siguientes ejemplos no limitantes con relacién a la proteccion
cruzada por las PLV de VPH 18 y VPH 18, y que muestra la produccién de las
PLV de VPH.

EjJemplo 1

Mujeres sanas entre las edades de 15 y 25 afios se inmunizaron con una
mezcla de PLV de L1 de VPH 16 y VPH 18. Las mujeres en el alistamiento
eran: 1) seronegativas para VPH - 18 y VPH - 18; 2) negativas para infeccién

\2
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por VPH de alto riesgo del cuello uterino (detectado por PCR de VPH), 3)
tenian 6 0 menos parejas saxualas vitalicias y 4) tenlan frotis de PAP.

La mezcla comprendI(a, por dosis de 0,5 ml, 20 g de PLV de L1 de VPH
- 16, 20 yg de PLV de L1 de VPH - 18 y se acompafié de adyuvante con 500
4g de hidréxido de aluminio y 50 »g de 3D MPL. E! grupo de placebo se inyectd
con 500 ug de hidréxido de aluminio solo.

Se evalud la eficacia de la vacuna (V. E.) contra tipos de VPH de cancer
de alto riesgo, en la que la V. E. es la % de mejora en la proteccién contra la
infeccién por la vacuna comparada con un grupo placebo.

La proteccién cruzada se determind detectando la presencia de acido
nucleico especifico para diversos tipas oncogénicos en |as vacunas y grupo de
control. La deteccion se llevd a cabo usando técnicas como se describe en el
documento WO 03014402, y las referencias en esta memoria descriptiva,
particularmente para ampliacién no especifica de ADN de VPH y posterior
deteccidn de tipos de ADN usando un sistema de LiPA como se describe en el
documento WO 99/14377, y en Kleter y col., [Joumnal of Clinical Microbiology
(1999), 37 (8): 2508 - 2517], cuyos contenidos totales se incorporan en esta
memoria descriptiva como referencia.

Sin embargo, cualquier procedimiento adecuado se puede usar para la
deteccién de ADN de VPH en una muestra, tal como PCR especifica de tipo
que usa cebadores especificos para cada tipp de VPH de interés. Los
cebadores adecuados los conocen los expertos en la técnica, o se pueden
construir fcilmente dado que se conocen las secuencias de los tipos de VPH
oncogeénicos.

La eficacia de las vacunas se determiné contra las infecciones para los
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12 tipos de céncer de alto riasgo, tipos relacionados filogenéticamente con VPH
- 16 (los grupos de, 31, 35, y 58; 31, 33, 35, 52 y 58) y los tipos relacionados
filogenéticamente 30 VPH - 18 (45 y 59).

cohorte, que representa todos los individuos que recibieron al menos una dosis
de vacuna). Estos datos se muestran en al tabla 1.

Los resultados presentados en al tablas 2 y 3 se refieren al grupo "ATP”
(segln el protocolo) para aquellos paclentes que cumplen con todos los
criterios del ensayo. La tabla 2 es un andlisis de punto medio con los datos
tomados de todos los pacientes en el instante en que al menos el 50% de la
cohorte estaba 18 meses después de su primera vacunacién. La tabla 3
proporciona los resultados finales, todos los datos estando entre los sujetos a
18 meses después de la primera vacunacion (mes 0). En el grupo PTA todos
los pacientes reclbleron 3 dosis de vacuna a los meses 0, 1 y 6 eran
seronegativas a los 6 meses.

Como se demuestra por los datos presentados en al tabla 1, la
inmunizacién con una mezcla de PLV de VPH 16 y VPH 18 proporcioné
proteccién cruzada evidente contra otros tipos de VPH. En este punio los
tamafios de muestra son demasiados pequefios para proporcionar un anélisis
estadIstico riguroso, sin embargo os datos demuestran una tendencia positiva y
sugieren que la inmunizacién con las PLV de VPH 16 y VPH 18 seré eficaz
contra infecclén con otros tipos de VPH.

Esto se confirmé a medida que el estudio progresaba.

Los detalles del protocolo se describen adicionaimente en el ejemplo 3.

La tabla 2 demuestra que el VPH 16 y VPH 18 proporcionan proteccion

A
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cruzada estadisticamente significativa contra el grupo de tipos de céncer de
alto riesgo 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 y 68.

La tabla 3 demuestra que, excepto para los tipos relacionados con VPH -
18 (que muestran una tendencia muy baja), existe proteccién cruzada
estadisticamente significativa contra los grupos de: VPH 31, 35, 68; VPH 31,
33, 35, 52, 58; y los 12 tipos de alto riesgo (tipos de no VPH - 16/18)
evaluados.

El anélisis posterior de los datos de ensayo han indicado que la vacuna
de VPH 16 y 18 usada en los ejemplos 1 proporciona proteccion cruzada
estadisticamente significativa contra la infeccién estadistica incidente por VPH
31 (eficacia de vacuna 75,1%, p = 0,007). Mientras el tamafio de muestra no
permita todavia conclusiones estadisticamente significativas a dibujarse sobre
otros tipos, los datos sobre otros tipos tales como 39, 45, 51 y 52 demuestran
una tendencia positiva y sugieren que la inmunizacién con las PLV de VPH 16
y VPH 18 serén eficaces contra la infeccién con otros tipos de VPH.

Los datos presentados en el ejemplo 3 proporcionan datos adicionales
obtenidos en la muestra de estudio, y se centra en la proteccién cruzada

proporcionada contra ciertos tipos especificos.

VHA
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Tabla 1
Tipos de|Nomero de |% de mujeres |Nimero de | % de mujeres | % de eficacia | limites de | limites dei{P
VPH mujeres infectadas mujeres infectadas de vacuna (1|confianza de|conflanza de
analizados infectadas (grupo de | infectadas {grupo de |- (A/B) x 100, |95% - limite |85% - Iimite
(grupo de|vacuna)=A |(grupo de]placebo) =B | ajustado para | Inferior superior
vacuna) placebo) tamafio
relativo de
vacuna y
grupo de
placebo
VPH 31,|5 1,1 1 24 55,1 -29,1 844 0,127
35, 58
VPH 31,|17 38 24 54 30,3 -29,7 62,6 0,252
33, 35, 52,
58
VPH 45,59 |3 0,7 6 13 50,6 99,7 87,6 0,309
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VPH 31,]27 6,3 40 9.4 34,6 -6,5 59,9 0,086
33, 35, 39,
45, 51, 52,
56, 58, 59,
66, 68.

Se tomaron muestras de pacientes a los 9, 12, 15 y 18 meses y se ensayaron para infeccién por VPH por
los otros tipos especificados anteriormente.
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Tabla 2 - Eficacia de vacuna después d tres dosis en la prevencion d infecciones

heterdlogas incidentes

Tabla 2: Eficacia de vacuna contra la infeccién con tipos relacionados filogenéticamente con VPH - 16,
tipos relacionados filogenéticamente con VPH - 18, tipos relacionados filogenéticamente con VPH - 16 y/o VPH -
18 y todos los tipos exclusivos de alto riesgo exclusivos de la cohorte de VPH - 16 y VPH - 18 (mes 6 - 18)

Tipo de infeccién Tasa de ataque Eficacia de vacuna
Vacuna Placebo
N n AR [N n AR |% Cl al 95% valord p

Relacionado con VPH - 16 443 12 28 (438 24 55 (49,4 02 744 0,080

* Relacionado con VPH-16 |423 29 69 (423 46 10,9 (37,0 16 59,6 |0,052

Relacionado con VPH - 18 442 9 2,0 |449 16 3,6 |429 279 74,5 0,223

Relacionado con VPH - 16/18 |433 21 4,9 |438 41 94 48,2 138 68,9 (0,012

* Relacionado con VPH - 16  |423 34 8,0 (453 56 13,2 (39,3 9,0 59,5 10,019

** Alto riesgo 385 53 138|386 88 228 (39,6 17,7 55,7 |0,001




P3s

N
N = namero d sujetos un la cohorte especificada

n = nimero de sujetos con infeccién por VPH incidente
AR = tasa de ataque = n/N
Cl al 95% = intervalo de confianza al 95%
5 Limite inferior = 1 - exp (log (arvg / arp) + 1,96 * raiz cuadrada de (1/nv - 1/Nv + 1/np - 1/Np))
Limite superior = 1 - exp (log (arv / arp) - 1,96 * raiz cuadrada de (1/nv - 1/Nv + 1/np - 1/Np))
cuando el nimero de casos en vacuna =0
Limite inferior * = 1 - exp (log (arvg * / arp *) + 1,96 * ralz cuadrada de (1/(nv + 0,5) - 1/(Nv + 0,5) + 1/(np +
0,5) - 1/(Np + 0,5)))
10 Limite superior * = 1 - exp (log (arv */ arp *) - 1,86 * raiz cuadrada de (1/(nv + 0,5) - 1/(Nv + 0,5) + 1/(np +
0,5) - 1/(Np +0,5)))
con: arv = tasa de ataque en receptores de vacuna
arp = tasa de ataque en receptores de placebo
nv = niimero de casos en receptores de vacuna
15 Nv = nimero de casos y no casos en receptores de vacuna
np = nimero de casos en receptores de placebo

Np = nGimero de vasos y no casos en receptores de placebo

7,\97
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relacionados con VPH - 16: tipos 35, 31, 58 relacionados filogenéticamente con VPH - 16 sin considerar
otros tipos de VPH

relacionados con VPH - 16 *: tipos 35, 31, 58, 33, 52 relacionados filogenéticamente con VPH - 16 sin
considerar otros tipos de VPH

relacionados con VPH - 18: tipos 45, 59 relacionados filogenéticamente con VPH - 16 sin considerar otros
tipos de VPH

relacionados con VPH - 16 y/o VPH - 18: tipos 35, 31, 58, 45, 59 relacionados filogenéticamente con VPH -
16 y/o VPH - 18 sin considerar otros tipos de VPH

relacionados con VPH - 16 y/o VPH - 18 *: tipos 35, 31, 58, 33, 52, 45, 59 relacionados filogenéticamente
con VPH - 16 y/o VPH - 18 sin considerar otros tipos de VPH

** = tipos de alto riesgo exclusivos de VPH - 16y VPH - 18
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Tabla 3
Tipos de]Nimero total|Ndmero de|% de|Numero de|% de|% de|limites  de|limites de|P
VPH de nuimero de | mujeres mujeres mujeres mujeres eficacla de |conflanza al | confianza
analizados |sujetos  con | infectadas Iinfectadas infectadas Infectadas |vacuna (1 -|95% - limie |al 95% -
informacién (grupo  de|(grupo  de|(grupo  de|(grupo de|(A/B) x | inferior limite
disponible por | vacuna) vacuna) = A | placebo) placebo) =|100, superior
grupo B ajustado
para
tamafio
relativo de
vacuna Yy
grupo  de
placebo
VPH 31,|412 11 2,7 26 6,3 579 15,9 78,9 0,012
35, 58
VPH 31,|403 28 6,9 48 12,2 43,0 11,0 63,5 0,015
33, 35,
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[52,58

VPH 45, (421 10 24 15 3.6 33,5 46,3 69,8 0,319
59

VPH 31,(368 58 15,8 80 253 37,7 16,2 53,6 0,002
33, 35,

39, 45,

51, 52,

56, 58,

59, 686,

68.

Se tomaron muestras de pacientes a los 18 meses y se ensayaron para infeccién por VPH por los otros
tipos especificados anteriormente.
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Ejemplo 2

Las PLV de VPH 16 y VPH 18 se produjeron de la siguiente manera:

Ejemplo 1:

La combinacion de las PLV de VPH 16 y VPH 18 se detalla en esta
memoria descriptiva. La proteina L1 de otros genotipos de VPH se pueden
producir facilmente mediante procedimientos similares, ya conocidos en la
técnica.

A Preparacion de PLV de VPH 16/18

Produccién de PLV de VPH 18 y VPH 18 se llevd a cabo usando
protocolos convencionales - por ejemplo, véase el documento WO 8913058, las
proteinas de VPH 16/18 se expresan en células de Trichoplusia ni (High Five
™) (a una densidad de aproximadamente 350000 células/ml) infectadas con
baculovirus recombinante (MOl de 0,3) que codifica el gen de L1 de VPH 16 ¢
18 de interés. Las células se recogieron aproximadamente 72 horas después
de la infeccién.

4.1 B Recogida de células / extraccién de antigeno

El antigeno (L1 - 16/18) se exirajo de células Hi5 en un procedimiento de
tres etapas de concentracidn, extraccién, clarificacion. La etapa de
concentracién retira hasta el 90% del medio de cultivo, y se realizd mediante
fitracién de flujo tangencial. La etapa de extraccién se realizd con un tampén
hipoptonico (Tris 20 mM, pH 8,5). Un volumen igual al volumen del cultivo se
us® para realizar la extraccién. Se usd un tiempo de contacto de minimo una
hora y media en agitaciéon suave. La clarificacién se realizé mediante filtracion
de flujo tangencial.
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C Purificacion

El procedimiento de purificacién se llevé a cabo a temperatura ambients.
Se afladi6 g - mercaptoetanol (4% p/p) al extracto con el fin de disociar las PLV
en capsomeros, para ambos antigenos, L1 - 16/18. Se afiadié glicerol hasta
una concentracion de 10% en peso justo antes de la adicion de £ -
mercaptoetanol.

Todos los tampones usados se filtraron sobre filtros de 0,22 ym antes de
almacenar a 2°C - 8°C. Antes de cada purificaclén, las matrices de gel se
sanitizan y se equilibran con tampén apropiado antes de cargar la muestra.

Los regimenes de purificacion se proporcionan para la purificacion
separada de L1 a partir de tanto VPH 16 como VPH 18. Estos esquemas son
en sentido amplio simifares, e implican ias etapas de:

Cromatografia de intercambio aniénico (Di metil amino etilo - DMAE),

Cromatografia de intercambio aniénico (Tri metil amino etilo - TMAE),

Cromatografia en hidroxiapatita,

Filtraciébn nanométrica (Planova),

Ultrafiltracion,

Cromatografla de interaccién hidréfoba (usando octil sefarosa) para VPH
18 o cromatografla de intercambio aniénico (DEAE) para VPH 186; y filtracidn
estéril.

4.1.1 Especificamente:

4.1.2 C1 Purificacion de antigeno L1 - 18

4.1.2.1 Cromatografla de intercambio aniénico DMAE
El extracto clarificado (proteina a wuna concentracién de
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aproximadamente 1g/ml, con la proteina L1 a aproximadamente 150 mg/ml) se
aplica a una columna de Intercambio aniénico (Di metil amino etilo). La elucion
se realiza con tampdn (Tris 20 mM / NaCl 200 mM / £ - mercaptoetanol BME al
4%) pH 7.9 £ 0,2. El antigeno se eluye con aproximadamente 5 volimenes de

columna y el perfil de elucién se controla a 280 nm.

4.1.2.2 Cromatografla de intercambio aniénico TMAE

El eluido de la primera etapa se diluye con 1 volumen de H2O/BME al
4%. Después el eluldo diluido se aplica a una segunda columna de intercambio
aniénico (Trimetil amino etilo). La elucién se realiza con tampén (Tris 20 mM /
NaCl 200 mM / BME al 4%) pH 7,9 t 0,2. El antigeno se eluye con
aproximadamente 4 volimenes de columna y el perfil de elucién se controla a
280 nm.

4.1.2.3 Cromatografla de hidroxiapatita

El eluido de la etapa de TMAE se aplica a una columna de hidroxiapatita
(HA). Después de la aplicacion de |la muestra, el gel se eluye con
aproximadamente 2,5 volimenes de columna de tampén (NaH2PO, 100 mM /
NaCl 30 mM / BME al 4%), pH 6,0 + 0,2.

4.1.2.4 Filtracién nanométrica (Planova)

El eluido de HA se diluye con el fin de alcanzar las siguientes
condiciones: tampén (NaH2PO, 25 mM / NaCl 10 mM / BME al 4%), pH 7.5
0,2.

Después se filtra sucesivamente sobre un prefittro de 0,2 #m y sobre un

)
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filtro 15 N de 0,12 m?. La filiracién se realiza a una presion constants de 200
mbar (20 kPa) £ 20 (2 kPa) mbar.

4.1.2.5 Uttrafiltracién

La ultrafiltracién se realiza a con un sistema de ultrafiltracion de flujo
tangencial equipado con membranas de poliétersuifona (médulo de Centramate
0,1 m?, 100 kD).

E! eluido de Planova se trata para alcanzar las siguientes condiciones:
(NaHz2PO,4 100 mM / NaCl 30 mM / BME al 4%), pH 6,0 & 0,2; después se carga
en el sistama, se concentra cinco veces y se dia - filtra con inyeccién continua
de aproximadamente 10 volimenes de partida de tampon (NaHPO4 20 mMW/
NaCl 500 mM), pH 6,0 £ 0,2.

4.1.2.6 Cromatografia de interaccidon hidréfoba (Octil Sefarosa)

El permeado de ultrafiltracion se aplica a una columna de octil Sefarosa.
Esta etapa de cromatografia se lleva a cabo en el modo negativo con
aproximadamente 5 volimenes de columna de tampén (NaaPO, 20 mM/ NaCl
500 mM), pH 6,0 £ 0,2.

4.1.2.7 Filtracidn estéril
La solucién de antigeno L1 - 18 purificada se esteriliza mediante
filtracién sobre una membrana de 0,22 ym.

413

4.1.4 C2 Purificacion de antigeno L1 - 16
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4.1.4.1 Cromatografla de intercambio i6bnico DMAE

El extracto clarificado se aplica a una columna de intercambio aniénico
(Di metil amino etilo). La elucién se realiza con tampén (Tris 20 mM / NaCl 180
mM / BME at 4%) pH 7,9 £ 0,2. El antigeno se eluye con aproximadamente 4

volimenes de columna y el perfil de elucién se controla a 280 nm.

4.1.4.2 Cromatografia de intercambio anionico TMAE

El eluido de la primera etapa se diluye con 1 volumen de H,O/BME al
4%. Después el eluido diluido se aplica a una segunda columna de intercambio
aniénico (Trimetil amino etilo). La elucidn se realiza con tampén (Tris 20 mM /
NaCi 180 mM / BME al 4%) pH 7,9 £ 0,2. El antigeno se eiluye con
aproximadamente 5 volimenes de columna y el perfil de elucién se controla a
280 nm.

4.1.4.3 Cromatografia de hidroxiapatita (HA)

El eluido de la etapa de TMAE se aplica a una columna de HA. Después
de la aplicacién de la muestra, el gel se eluye con aproximadamente 3
volimenes de columna de tampén (NaH2PO4 100 mM/ NaCl 30 mM/ BME al
4%), pH 6,0 £ 0,2.

4.1.4.4 Filtracién nanométrica (Planova)

El eluido de HA se diuye con el fin de alcanzar ias sigulentes
condiciones: tampén (NaH.PO, 25 mM / NaCl 10 mM / BME al 4%), pH 7,5 £
0.2.
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Después se filtra sucesivamente sobre un prefiltro de 0,2 um y sobre un
filtro 15 N de 0,12 m? La filtracién se realiza a una presién constante de 200
mbar (20 kPa) £ 20 (2 kPa) mbar.

4.1.4.5 Ultrafiltracion

La ultrefiltracion se realiza a con un sistema de ultrafiltracién de flujo
tangencial equipado con membranas de poliétersulfona (médulo de Centramate
0,1 m?, 100 kD).

El eluido de Planova se trata para alcanzar las siguientes condiciones:
(NaHzPO, 100 mM / NaCl 30 mM / BME al 4%), pH 6,0 1 0,2; después se carga
en el sistema, se concentra cinco veces y se dia - filtra con inyeccién continua
de aproximadamente 10 volimenes de partida de tampén (NaH2PO4 20 mM/
NaCl 500 mM), pH 6,0 £ 0.2.

4.1.4.6 Cromatografla de intercambio aniénico DEAE

El eluido de ultrafiltracion se ajusta a la conductividad del tampén de
equlibrio, (Na3PO4 20 mM / NaCl 250 mM), pH 6,0 £ 0,2 y se aplica a una
columna de intercambio anidnico /Di etil amino etilo).

La elucién se realiza con tampén (NaH2PO4 20 mM / NaCl 500 mM), pH
6.0 £ 0,2. El antigeno se eluya con aproximadamente 3 volimenes de columna

y ol perfil de elucién se controla a 280 nm.

4.1.4.7 Filtracion esténil
La solucién de antigeno L1 - 16 purificada se esteriliza mediante

filtracidon sobre una membrana de 0,22 um.
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Cc3

Cada tipo de PLV se adsorbe independientemente para producir un
monovalente absorbido concentrado.

Preparacion de monovalente adsorbido concentrado de PLV16.

60 ug de PLv purificados de VPH16 se adsorben en 150 ig de Al*® de
Al(OH)s, a un pH de 6,0 £+ 0,2, durante una hora a temperatura ambiente con
agitacion suave. Este monovalente adsorbido concentrado se almacena a
+4°C. La adsorcién se comprueba mediante centrifugacion de al preparacion y
cuantificacién de las PLV en el sobrenadante.

Preparacién de monovalente adsorbido concentrado PLV18:

60 ug de PLv purificados de VPH18 se adsorben en 150 ug de Al'® de
Al(OH)s, a un pH de 6,0 £ 0,2, durante una hora a temperatura ambiente con
agitacion suave. Este monovalente adsorbido concentrado se almacena a
+4°C. La adsorcién se comprueba mediante cenftrifugacién de al preparacién y

cuantificacién de las PLV en el sobrenadante.

D. Preparacion de vacuna final
\ Los monovalentes adsorbidos concentrados preparados mediante el
procedimiento anterior se pueden combinar para formar una suspension que
contiene 20 »g de cada uno de las PLV por dosis. La vacuna final se almacena
a +4°C.

La adicién de las PLV de otros tipos de cdncer se puede afiadir segdn
sea apropiado, a concentracién adecuada de acuerdo con la invencién. Las

secuancias de tales tipos se conocen en la técnica y los expertos en la técnica
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pueden facilments expresar las PLV que comprenden tales proteinas.
Las masas adsorbidas combinadas, 0 masas adsorbidas individuales, se

pueden ademas mezclar con adyuvantes tales como 3D - MPL.

Ejemplo 3

Los detalles precisos del experimento llevado a cabo se proporcionan en
Harper y col., the Lancet 2004 Nov 13; 364 (8447): 1757 - 65.

En resumen, mujeres sanas entre las edades de 15 y 25 afios se
inmunizaron con una mezcla de PLV L1 de VPH 18. Las mujeres en el
alistamiento eran: 1) seronegativas para VPH - 16 y VPH - 18; 2) negativas
para infeccion por VPH de alto riesgo del cuello uterino (detectado por PCR de
VPH); 3) tenfan 6 0 menos parejas sexuales vitalicias y 4) tenlan frotis de PAP.

La mezcla comprendia, por dosis de 0,5 ml, 20 zg de PLV de L1 de VPH
- 16, 20 ug de PLV de L1 de VPH - 18 y se acompafié de adyuvante con 500 g
de hidréxido de aluminio y 50 ug de 3D MPL. El grupo de placebo se inyectd
con 500 ug de hidroxido de aluminio solo.

Las PLV de VPH 16 estaban constituidos por una proteina L1 de VPH de
471 aminoécidos, fruncada terminalmente en C, con una supresion de 34
aminoécidos. Las PLV de VPH 18 estén constituldas por una proteina L 1 de
VPH truncada terminalmente en C de 472 aminoacidos, con una supresion de
35 aminoécidos.

Se determiné la eficacia de vacuna (V. E.) contra ciertos tipos de VPH
cancerosos, en los que la V. E. es el % de mejora en proteccién contra
infeccion por la vacuna comparado con un grupo de placebo.

La proteccion cruzada de determind detectando la presencia de &cido

\{©



10

15

20

25

43

nucleico especifico para diversos tipos oncogénicos en las vacunas y grupo
control. La deteccién se llevd a cabo usando técnicas como se describe en el
documento WO 03014402 y las referencias en él, particularmente para la
amplificacién no especifica de ADN de VPH y posterior deteccion de tipos de
ADN usando un sistema de LiPA como se describe en el documento WO
89/14377, y en Kleter y col., [Joumnal of Clinical Microblology (1999), 37 (8):
2508 - 2517], cuyo contenido total se incorporan en esta memoria descriptiva
como referencia especificaments.

Sin embargo, cualquier procedimiento adecuado, se puede usar para la
deteccion de ADN de VPH en una muestra, tal como PCR especifico de tipo
usando cebadores especlificos para cada tipo de VPH en una muestra. Los
cebadores adecuados los conocen los expertos en al técnica, 0 se pueden
construir facilmente con tal que las secuenclas de los tipos de VPH
oncogénicos se conozcan. En detalle, la seccién de procedimientos de la
publicacién de Lancet se reproduce en esta memoria descriptiva como
referencia, para la verlo Integramente:

Harper y col., the Lancet, 13 de noviembre de 2004; 384 (947); 1757 -
85 - detalles experimentales.

El objetivo principal de este astudio era para determinar la eficacia de
vacuna en al prevencion de Infeccién con VPH - 16, VPH - 18, 0 ambos (VPH -
16/489, entre los meses 6 y 18 en participantes que se mostré iniciaimente que
eran seronegativos para VPH - 16/18 mediante ELISA y negativos para ADN de
VPH - 16/18 mediante PCR. Los objetivos secundarios inclufan: evaluacién de
eficacia de vacuna en al prevencién de infeccion persistente con VPH - 16/18, y

la evaluacibn de la eficacia de la vacuna en al prevencion de lesiones

9%
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intraepiteliales escamosas de grado bajo confirnadas citolégicamente (LSIL),
lesiones intraepiteliales escamosas de grado alto (HSIL), y cancer de células
escamosas LSIL (CIN 1), HSIL (CIN 2 6 2) conflrmado histolégicaments,
adenocarcinoma asociado a infeccién por VPH - 16/18 entre los meses 6y 8, y
meses 6 y 27. La prevencion de células escamosas atlpicas de citologia
significacién no determinada (ASCUS) asociada a la infeccién por VPH - 16/18
se afiadio post - hoc a los andlisis de los resultados.

Los inventores no hicieron un anélisis exploratorios de los puntos finales
histopatologicos CIN 1 y 2 asociados al ADN de VPH - 16/18 detectado
mediante PCR en tejido de lesionado. Otros objetivos inclulan la determinacién
de inmunogenicidad de vacuna, seguridad, y tolerancia.

Los investigadores en Norte América (Canad4 y Estados Unidos) y Brasil
reclutaron mujeres para este estudio de eficacia mediante anuncios o
participacion previa en el estudio de epidemiologia seccional cruzado de VPH
que tuvio lugar entre julio y diciembre de 2000.

Para cada uno de los 32 sitios de estudio, un panel de revisién
institucional aprobd el protocolo, formas de consenso, y enmiendas. Las
mujeres firnaron consentimientos escritos separados para la participaciéon y
colposcopia. Para las que eran menores de 18 afios, eran obligatorios
consentimiento de los padres y asentimiento del participante

Existian dos fases de estudio: una fase inicial para la vacunacion y el
seguimiento que conclula en el mes 18; y una fase de extension de
seguimiento a ciegas que concluyé el mes 27.

Las mujeres que se pueden elegir para la fase inicial (meses 0 - 18)

inclufan mujeres sanas de 15 - 25 afios de edad, que no hablan tenido mas de
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6 parejas sexuales, sin historial de un ensayo Pap andémalo o tratamiento por
ablacién o escisidén del cuello uterino, y ninglin tratamiento en curso para
condilomata extemno; y que eran citolégicamente negativas, seronegativas para
anticuerpos de VPH - 16 y VPH - 18 mediante ELISA, y negativas para ADN de
VPH mediante PCR para 14 tipos de VPH de alto riesgo 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59, 66, y 68) no mas de 90 dlas antes del comienzo del
estudio.

Las mujeres que completaron la fase inicial del mas temprano de los
estudios, y que no tenian terapia por ablacién o escision del cuello uterino, o
histerectomla después del alistamiento, se pudieron elegir para participar en la
fase de extension del estudio (meses 18 - 27).

Procedimientos

Cada dosis de las vacunas de particulas que parecen virus de VPH -
16/18 (GlaxoSmithKline Bilogicals, Rixensart, Bélgica) contenla 20 uxg de
particula que parece virus de L1 de VPH - 16 y 20 ug de particula que parece
virus de L1 de ug - 18. Cada tipo de particula que parece virus se produjo sobre
sustrato de células de Spodoptera frigiperda Sf - 9 y Trichoplusia ni Hi - 5 con
adyuvante AS04 que contenia 500 g de hidréxido de aluminio y 50 g de 3-
lipido monofosforilo 3-desacilado (MPL, Corixa, Montana, Estados Unidos)
proporcionado en un vial monodosis. El placebo contenia 500 #g de hidréxido
de aluminio por dosis, y era idéntico a en apariencia a la vacuna de ug - 16/18.
Cada participante en el estudio recibié una dosis de 0 - 5 ml de vacuna o
placebo a los 0 meses, 1 mes, y 6 meses.

Los Proveedores de asistencia sanitaria obtuvieron muestras de cuelio

149
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uterino con un cepillo y eapétula de cuello uterino (lavadas en PreservCyt,
Cytyc Corporation, Boxborough, MA, Estados Unidos) para ensayo de citologla
y ADN de VPH en la seleccién y los meses 6, 12,y 18. Enlos meses 0y 6, y
posteriormente cada 3 meses, muaestras cervicovaginales obtenidas de las
propias mujeres con dos toma de muestras con escobillones sucesivas
(colocados en PreservCyt) para ensayo de ADN de VPH. [DM Harper, WW
Noll, DR Belloni y BF, Cole, Randomized clinical trial of PCR - determined
human papillomavirus detection methdos: seff - sampling versus clinician -
directed - biologic concordance and women's preferences. Am. F Obstef
Gynecol 186 (2002), pp. 365 - 373]. Un laboratorio central (Quest Diagnostics,
Teterboro, NJ, Estados Unidos) resefio resultados citolégicos (ThinPrep, Cytyc
Corporation) mediante el uso del sistema de clasificacion de Bethesda de 1991.

Las directrices de protocolo racomendaban colposcopla después de dos
informes de ASCUS, o un informe de células glandulares atipicas de
significacion no determinada, LSIL o HSIL, carcinoma de células escamosas,
adenocarcinoma in sifu, o adenocarcinoma. Estas directrices también
recomendaron biopsia para cualquier lesién sospechosa.

El laboratorio de histologia central realizé una diagnosis inicial de las
muestras de tejidos fijados por formalina para tratamiento clinico. Un panel de
tres patdlogos realizaron una diagnosis de consenso posterior para lesiones
asociadas a VPH - 16 y VPH - 18 con el sistema CIN. Esta diagnosis de
consenso también inclula una revisibn de las secclones tomadas en el
momento de la microseccion para la deteccién por PCR de ADN de VPH de
lesién.

El ADN de VPH aislado de la muestra citolégica (MagNaPure Total

(5
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Nucleic Acid system, Roche Diagnostics, Aimere, Holanda) y de muestras de
biopsia de cuello uterino (extraccién de proteinasa K) se amplificé a partir de
una allcuota de ADN total purificada con los cebadores de amplio espectro
SPF10 que amplifican una regién de 65 pares de bases del gen L1 [B. Kleter,
LJ van Doom, J ter Schegget y col., Novel short - fragment PCR assay for
highly sensitive broad - spectrum detection of anogenital human
papillomaviruses. Am J Pathol 153 (1 998). pp. 1731 - 1739: LJ van Doom, W
Quint, B Kleter y col., Genotyping of human papililomavirus in liquid cytology
cervical specimens by the PGMY line blot assay and the SPF (10) line probe
assay. J Clinb Microbiol 40 (2002), pp. 879 - 983 y WG Quint, G Scholte, LJ van
Doiom, B Kletter, PH Smits y J. Lindeman, Comparative analysis of human
papilloma virus infections in cervical scrapes and biopsy specimens by general
SPF (10) PCR and HPV genotyping. J. Pathol 184 (2001), pp. 51 - 58]. Los
productos de amplificacién se detectaron mediante un inmunoensayo de
enzimas de ADN. Un ensayo de sonda lineal kit LiPA, ensayo de identificacién
de genotipo de VPH INNO LIPA VPH, sistema SPF - 10, versién 1,
Inogenetics, Gent, Bélgica, fabricado por Labo Bio - medical Products Rijswijk,
Holanda) detecté 25 genotipos de VPH (6, 11, 18, 18, 31, 33, 34, 35, 39, 40,
42,43, 44, 45, 51, 52, 53, 56, 58, 59, 66, 68, 70, y 74). [B. Kieter, LJ van Doom,
L Schauwen y col., Development and clinical evaluation of a highly sensitive
PCR - reverse hibridization line probe assay for detection and identification of
anogenital human papilomavirus J. Clin Microbiol 37 (1999), pp. 2508 - 2517].
Cualquier muestra que era positiva mediante Inmunoensayo de enzimas de
AND se ensay6 mediante PCR de VPH - 16 y VPH - 18 especifico de tipo. Los
cebadores de PCR especlfico del tipo VPH - 16 amplificaron un segmento de

\5
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92 pares de bases del gan E6/E7 y cebadores de PCR especifico del tipo VPH
- 18 amplificaron un segmento de 126 pares de bases del gen L1 [MF Baay,
WG Quint, J, Koudstaal y col, Comprehensive study of several general and type
- specific primer pairs for detection of human papillomavirus DNA by PCR in
paraffin - embedded cervical carcinomas. J. Clin Microbiol 34 (1996), pp. 745 -
747]

Los inventores definieron invencién del cuello uterino incidente con VPH
- 16/18 con al menos un resultado de PCR positivo para VPH - 16 o VPH - 18
durante el ensayo, e infeccién persistente con VPH - 16/18 como al menos dos
ensayos de VPH - ADN positivos para el mismo genotipo viral separado en al
menos 6 meses. [H Richardson, Kelsall, P Tellier y col., The natural history of
type - specific human papillomavirus infections in female university studants.
Cancer Epidemiol Biomarkers Prev 12 (2003), pp. 485 - 490 y AB Moscicki, JH
Ellenberg, S Farhat y J. Xu, Persitence of human papillomavirus infection in HIV
- infected and uninfected adolescent girls: risk factors and differences, by
phylogenetic type. J. Infect Dis 180 (2004), pp. 37 - 45] Los resultados de
ensayos de HPV - DNA se escondieron a los investigadores durante el estudio
y las diagnosis citoldgicas e histoldgicas se revelaron solamente para
propdsitos de tratamiento clinico. Los andlisis inclulan resultados de ADN de
VPH - 16/18 para muestras de cuello uterino y muestras de cuello uterino y
cervicovaginales combinadas.

Los inventores recogieron suero de los participantes de estudio en los
meses 0, 1, 8, 7, 12, y 18 para las determinaciones de inmunogenicidad. El
ensayo sexolégico para anticuerpos a las particulas que parecen virus de VPH

- 16 y VPH - 18 fue mediante ELISA. Se usaron particulas que parecen virus de
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VPH - 16 y VPH - 18 como antigenos de recubrimiento para la deteccién de
anticuerpos (véase el apéndice de la pégina web hitp:/image
thelancet.com/extras/04art10103webappendix .pdf). La seropositiovidad se

defini6 como un titulo mayor que o igual al titulo de corte del ensayo
establecido en 8 unidades/ml de ELISA para VPH - 16 y 7 unidades/ml de
ELISA para VPH - 18. Los titulos naturales tipicos se determinaron mediante el
uso de muestras de sangre obtenidas de mujeres en el estudio de
epidemiologla anterior que se encontraron que eran seropositivas para VPH -
16 o VPH - 18 mediante ELISA.

Las mujeres registraron sintomas experimentados durante los 7 primeros
dias después de la vacunacién en tarjetas diarias con una escala de tres
grados de intensidad de sintomas. Adicionalments, reseflaron al personal de
estudio mediante entrevista de todos los episodios adversos en los 30 primeros
dias después de la vacunacién. La informacién sobre los episodios adversos

graves y embarazos se recogi6 a lo largo del estudio.

Procedimientos estadisticos

Asumiendo una tasa acumulada de incidencia del 60% de infecciones
tanto del tipo VPH - 16 como VPH - 18 durante 12 meses, los inventores
estimaron que 500 mujeres por grupo de tratamiento proporcionarian un poder
de 80% para evaluar un {imite inferior del 95% de CIl de la eficacia de vacuna
por encima de cero. Los inventores asumian un 80% de tasa de retencién
durante 18 meses. Los andlisis provisionales para eficacia, seguridad, e
inmunogenicidad se hicieron para propdsitos de planificacién del estudio futuro

solamente; el procedimiento de O’'Brien y Fleming se usé para ajustar el valor
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para el andlisis final después de que se produjeron los analisis provisionales (p
global = 0,05; ensayo de dos vias). [PC O'Brien y TR Pleming, A multiple
testing procedure for clinical trials. Biometrics 35 (1978), pp. 548 - 556]

La distribucion aleatoria estratificada, de bloque segln algoritmos
validados se centralizé con un sistema de distribucién aleatoria de intemet. La
estratificacién era segin la edad (15 - 17, 18 - 21, y 22 - 25 aflos) y region
(Norte América y Brasil). Cada dosis de vacuna se atribuyé a un namero
elegido al azar baséndose an al informacién del participante especifica metida
en el sistema de distribucion aleatoria computarizado por el personal del
estudio. La localizacién del tratamiento permanece oculta para los
investigadores y las mujeres participantes en un estudlo de seguimiento a largo
plazo.

Las cohortes de intenciébn - de - tfratar y segin - el - protocolo se
muestran en la figura, en las que las razones para la exclusion de los anélisis
se enumeran por orden de categoria mujeres que reunfan mas de un criterio de
exclusion se contaron solamente seglin el criterio de categoria més alta. Los
inventores se refieren a conjuntos de participantes introducidos en los analisis
de intencién - de - tratar y segln - el - protocolo como cohortes, aunque la
informacién usada para restringir la inclusién de sujetos en el segin - el -
protocolo solamente se conocia después del seguimiento.

Los inventores realizaron tanto segin - el - protocolo como intencién - de
- tratar para eficacia. El célculo de la eficacia de vacuna en el andlisis segun -
el - protocolo se basé en al proporcién de participantes con infeccidn por VPH -
16/18 en los grupos vacunados frente placebo. La eficacia de vacuna se definié

como 1 menos la relacién entre estas dos proporciones; 95% de Cl media la
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precision de los estimaciones de eficacia, los valores de p se calcularon con el
ensayo exacto de Fisher de dos vias. Las tasas comespondientes se
expresaron como el niimero de casos con el resultado dividido por el nimero
de participantes en riesgo. La cohorte segiin - el - protocolo de 18 meses
incluia las mujeres alistadas que recibieron tres dosis programadas de vacuna
y cumplian con el protocolo como se describe en la figura.

El calculo de |a eficacia de vacuna en los andlisis intencioén - de - tratar y
seg(n - el - protocolo de 27 meses se basaron en el modelo proporcional de
Cox usando el tiempo de ocurrencia de los casos con infeccién por VPH 16/18
en los grupos vacunados frente placebo. Esto permitié el control para los datos
acumulados de persona - tiempo. La eficacia de vacuna se calculd usando 1
menos la relacién de azar y los valores de p calculados usando el ensayo de
log de categoria. Las tasas comespondientes se expresaron como el nimero de
casos divididos por el persona - tiempo total. Todas las mujeres alistadas que
recibleron al menos una dosis de vacuna o placebo, eran negativos para VPH -
ADN de alto riesgo el mes 0, y tenla cualquier dato disponible para la medicién
de resultados se incluyeron en la cohorte intencién - de - tratar. La cohorte
segln - el - protocolo de 27 mesaes inclula los resultados de la cohorte segin -
el - protocolo de 18 meses y los resultados que se produjeron durante la fase
de extension (de los 18 meses a los 27 meses).

El célculo de los valores de p para los andlisis de seguridad se realiz6
usando las comparaciones del ensayo exacto de Fisher. La cohorte para los
andlisis de seguridad incluyeron todas las mujeres alistadas que recibieron al
menos una dosis de vacuna o placebo y cumplian con los requerimientos de

protocolo minimos, especlificados (véase la figura a continuacién).

\65
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La inmunogenicidad se evalué en un subconjunto de la cohorte de
seguridad segin - el - protocolo que inclufla mujeres con resultados de
serologia en los meses 0, 7, y 18, que recibieron las tres dosis de vacuna o
placebo del estudio segin el programa, cumplian con el programa de muestreo
de sangre, y no llegaron a ser positivas para ADN de VPH - 16/18 durante el
ensayo. Las tasas de seropositividad entre los grupos de vacuna y placebo se
compararon con el ensayo exacto de Fisher {(p < 0,001 juzgado
significativamente). La media geométrica de los titulos se compard con ANOVA
y ensayo de Kruskal - Wallis.

Los andlisis de distribucién a azar en bloque y estadisticos se realizaron
con SAS version 8,2 (SAS Institute, Cary, North Carolina).

en al solicitud de patente WO 2004/056389, cuyo contenido total se incorpora

en esta memoria descriptiva como referencia.

Anilisis adiclonal

Se llevd a cabo un analisis sobre un grupo “ATP" (segin a protocolo)
para aquellos pacientes que cumplian con todos los criterios del ensayo. En el
grupo de ATP todos los pacientes recibieron 3 dosis de vacuna en los meses 0,

1 y 6 y eran seronegativos a los 6 meses.

Como se demuestra por los datos presentados en al tabla 4, la
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inmunizaciéon con una mezcla de las PLV de VPH 16 y VPH 18 proporciond
proteccién cruzada estadisticamente significativa contra infeccién incidente por
los tipos de VPH 31, 52 y 45 comparados con el control.

La proteccién cruzada estadisticamente significativa infeccién incidente

también se observé contra el grupo de todos los tipos relacionados con VPH 16
(VPH - 31, 33, 35, 52 y 58) y el grupo de todos los tipos de alto riesgo,
excluyendo 16 y 18 (VPH 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, y 68),

La proteccién cruzada estadisticamente significativa contra la infeccion
persistente también se observd contra los tipos 31 y 52 (véase tabla 5), y
también se observo contra el grupo de todos los tipos relacionados con VPH 16
(véase la tabla 5).

También se observd protaccién cruzada estadisticamente significativa

8
Tipo VPH Vacuna Control Eficacla de vacuna -]
N |AR N AR % ValordeP | 2
VPH - 31 1 |02 10 2,4 99,0 0,008 »
VPH - 33 8 |14 8 14 0,2 1,000
VPH - 35 1 02 3 0.7 66,5 0,624
VPH - 52 6 |14 16 39 83,0 0,031 .
VPH - 58 5 (1,2 5 1,2 0,0 1,000
VPH - 45 0o |[00 5 1,2 100,0 0,031
VPH - 59 4 |09 2 0,5 -100,5 0,448
Todos relacionedos |18  |4,0 a2 8,1 51,1 0,017
r |con 18
Todos relacionados|4  |1,0 7 17 43,0 0,384
con 18
( Todos HR az |90 53 15,8 423 0,011

ke



Tabla 5
5 Eficacla contra Infecclones persistentes con los tipos relaclonados
con 16M8*
Tipo VPH Vacuna Control Eficacla de vacuna
N AR N AR % Valorde P
(| VPH - 31 2 0,48 9 2,16 785 |0,030
VPH - 33 3 (g 5 1,18 40,2 |0476
** { |VPH-35 1 0,24 1 0,24 0.4 0,986
VPH - 52 5 1,2 21 5,10 771 0,001
X VPH - 58 4 0,85 6 1,42 34.1 0,515
VPH - 45 1 0,24 4 0,04 754 (0,174
- { VPH - 58 3 0,71 0 0,00 - 0,083
Todos relacionados | 11 27 30 7.8 651 |0,002
con 16
Todos relacionados | 4 1,0 4 1,0 1,0 0,989
con 18
Todos HR 38 10,1 48 13,5 271 |0,155
(excepto 16/18)

* Muestras de cuellos de Gtero: cohorte de ATP

\59

/s



* Todas las muestras; cohorte de ATP

5
Tabla 8
Eficacla contra anormalidades cltolégicas. Con los tipos
relaclonados con 16/18 *
10
Tipo VPH Vacuna Control Eficacla de vacuna
N AR N AR % Valorde P
(| VPH - 31 1 024 |5 1,20 |80,1 0,123
VPH - 33 2 047 |4 084 [499 0,888
- < VPH - 35 0 000 |2 047 |100 0,498
VPH - 52 1 024 |11 287 |91 0,003
\ VPH - 58 2 047 |2 047 |02 1,000
(| VPH - 45 0 000 |2 047 (100 0,249
i VPH - 59 4 054 |2 047 |-101 0,451
Todos relacionados | 5 1.2 18 4,8 728 0,005
con 18
Todos relacionados |4 1,0 4 1,0 0.2 1,000
con 18
Todos HR 10 28 30 88 68,2 < 0,001
(excepto 16/18)
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*C horte de ATP

Enias tablas 4,5y 6
5 N = nimero de sujetos en la cohorte especifica
AR = taga de ataque = n (nmero de sujetos con VPH o blen infeccién
incidente, infeccién persistente 0 anomalidad citolégica, segin sea apropiado
para la tabla) / N
% de eficacia de vacuna es 1 - (A/B) x 100, ajustada para el tamafio
10 relativo de grupo de vacuna y placebo
e A = % de mujeres en el grupo de vacuna con infeccién incidente,
infeccion persistente o anomalidad citolégica, segln sea apropiado para la
tabla
B = % de mujeres en el grupo de placebo con infeccién incidente,
15 infeccién persistente o anomalidad citolégica, seglin sea apropiado para la
tabla
** relacionados con 16

*** relacionados con 18

20

25
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Habiendo descrito la invencién como antecede, se declara como

5 propiedad lo contenido en las siguientes

10

15

20

25

REIVINDICACIONES

. Una composicién inmunogénica que comprende las PLV o capsomeros

de VPH 16 y VPH 18 y al menos otro tipo de céncer de VPH, el otro tipo
de cancer seleccionandose entre la lista constituida por los tipos de VPH
31, 45 y 52, en la que la dosis de la PLV o capsdémero de al menos otro
tipo de céncer se reduce con relacién al del VPH 16 6 18.

. Una composicién segln la reivindicacién 1 en la que el otro tipo de

cancer es VPH 31.

. Una composicién segin la reivindicacién 1 en la que el otro tipo de

céincer es VPH 45.

. Una composicién segin la reivindicacién 1 en al que el otro tipo de

cancer es VPH 52.

. Una composicién segln la reivindicacién 1 en la que los otros tipos de

cénceres son VPH 31 y VPH 45.
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6. Una composiciéon segdn la reivindicacion 1 en la que los otros tipos de
cénceres son VPH 31 y VPH 52,

7. Una composicion segan la reivindicacién 1 en la que los otros tipos de
céanceres son VPH 52 y VPH 45.

8. Una composicién segun la reivindicacién 1 en la que los otros tipos de
canceres son VPH 31, VPH 45 y VPH 45.

9. Una composicidon inmunogénica segin una cualquiera de las
reivindicaciones preferentes en la que la composicién comprende 10 ug,
o més, de las PLV de VPH 18 y/o VPH 18 o capsémero y entre 2 - 8 ng
de PLV o capsémero del otro tipo de céncer.

10. Una composicion inmunogénica segin una cualquiera de las
reivindicaciones 1 - 8 en la que la composiclén comprende 20 g, 0 mas,
de las PLV de VPH 16 y/o VPH 18 o capsdmeros y entre 5 - 15 ug de
PLV o capsdmero del otro tipo de cancer.

11. Una composicién inmunogénica segin la reivindicacién 10 en la que la
composicién comprende 10 ug de PLV o capsémero del otro tipo de

cancer.

12. Una composicién inmunogénica segin una cualquiera de las

\&2
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reivindicaciones 1 - 11 en combinacién con un adyuvante.

13. Una composicién segln la reivindicacién 12 en la que el adyuvante es

una sal de aluminio.

14. Una composicién segin la reivindicacién 13 en la que el adyuvante es

hidréxido de aluminio.

15. Una composicion seguin la reivindicacion 12 en la que el adyuvants es

un derivado del lipido A.

16. Una composicién segun la reivindicacién 15 en la que el adyuvante es
3D MPL.

17. Una composicién segin la reivindicacién 16 en Ila que el adyuvante es
3D MPL e hidréxido de aluminio.

18. Una vacuna que comprende una composicién inmunogénica segin
cualquier  reivindicacion precedente con un excipiente

farmacéuticamente aceptable.

19. Un procedimiento de prevencién de infeccién de VPH y/o enfermedad
que comprende la administracién a un individuo en necesidad del mismo

de una composicién o vacuna como se ha definido anteriormente.
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20. Un procedimiento de preparacién de una composicién inmunogénica

21.

como se ha definido anteriormente que comprende la mezcla de las PLV
o cépsomeros de VPH 16 y 18 con al menos otro tipo de céncer de VPH,
el otro tipo de céncer seleccionandose entre la lista constituida por los
tipos 31, 45, y 52 de VPH, en los que la dosis de la PLV o cdpsomero de
al menos otros tipos de cancer se reduce con relacion al de VPH 16 6
18.

Un procedimiento de prevencién o tratamiento de infeccién y/o
enfermedad por VPH que comprende la distribucién a un individuo de
una composicién inmunogénica que comprende las PLV o capsomeros
de VPH 16 y 18 y al menos otro tipo de céncer de VPH, el otro tipo de
céncer seleccionéndose entre la lista constituida por los tipos 31, 45 y 52
de VPH, en los que la dosis de la PLV o cépsomero de al menos otros

tipos de céncer se reduce con relacién a la de VPH 16 6 18.

/4
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