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RESPUESTA AL AUTO NOTIFICADO POR FIJACION EN LISTA NO. 286
DEL 30 DE MAYO DE 2012, OFICIO NO. 08755 (EXAMEN DE FONDO)

ALVARO CORREA ORDONEZ, mayor de edad y vecino de Bogota D.C., identificado tal como
aparece al pie de mi firma, en mi cardcter de apoderado de la sociedad en referencia, doy
respuesta al auto emanado por ese Despacho dentro del término de prérroga solicitado en mi

memorial 07-117685-00005-0000 del 22 de agosto de 2012:
1. Objeciones del Examinador

1.1  Reivindicaciones.

1.1.1  Su Despacho considera que las reivindicaciones 7, 8, 16, 17, 25 y 26 no son

patentables.

1.1.2. Su Despacho considera que la reivindicacién no es concisa porque no establece la



proteina portadora, ni el adyuvante. Sugiere incluir las reivindicaciones 2, 6 y 8 dentro de la
reivindicacion 1. Dice ademas que dicha reivindicacion no es clara porque no establece que
cada uno de los trece serotipos se encuentran separadamente conjugados a la proteina

portadora.
1.1.3. Dice que la reivindicacidén 9 no es concisa no soportada en la descripcion.
1.1.4.  Menciona que la reivindicacion 18 no es concisa ni esta soportada en la descripcion.

I.1.5.  Estima que la descripcion no divulga la invencion de manera completa porque la
persona del oficio no podria reproducirla por cuanto no presenta el certificado de depdsito

de los serotipos que hacen parte de la invencion.
1.2 Novedad

Su Despacho considera que las reivindicaciones 9 y 10 de la presente solicitud no posee
novedad debido a las divulgaciones de los documentos del estado de la técnica "The Journal
of infectious diseases, 180:1171-1176. Immunogenicity and lmpacto n Nasopharyngeal
Carriage of a Nonavalent Pneumococcal Conjugate Vaccine. Sept. 8, 1999" (D2) and the
document "Clin. Infect. Dis. (2000) 30(1): 100-121. Which Pneumococcal Serogroups
Cause the Most Invasive Disease: Implications for Conjugate Vaccine Formulation and Use.
Part 1." (D4). '

Particularmente, el Examinador considera que estos documentos D2 y D4 afectan la

novedad de la presente solicitud por cuanto:

“Las caracteristicas esenciales de la veivindicacion 9 y 10 y 18, 19 y 20 habian sido
divulgadas  previamente en DI, el cual enseiia formulaciones de conjugados de
polisacdridos capsulares de los serotipos 1, 3, 4, 5, 6B, 7F, 9V, 14, 18C, 19F y 23F de
Streptococcus pneumoniae con una proteina portadora (Resumen, pigina 101 columna de
la derecho, wiltimo pdrrafo, pdginh 103, columna de la izquierda tercer parrafo, pagina 111,
columma de la derecha segundo pdrrafo)

Ln consecuencia, la reivindicacion 9 carece de novedad, seginm lo divulgado en el

documento D4).
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Las caracteristicas esenciales de la composicién de la reivindicacion 18 habian sido
divulgadas previamente en D2, el cual divulga una vacuna liofilizada nonavalente que
comprende polisacdridos capsulares de Streptococcus pneumoniae conjugados a CRM,y; y
la inmunizacion de nifios con dicha formulacion (Resumen, Pag. 1171, segunda columna de
la derecha, Pag. 1173, segunda columna de la derecha, Pag. 1175, tercera columna de la
izquierda), la formulacion contiene 2 ug de los polisacdridos conjugados de los serotipos 1,
4,5 9V, 14, 18C, 19F y 23F y 4 ug del polisacarido 6B.

Las reivindicaciones 19 y 20 no mencionan alguna caracteristica que haga nueva la

composicion de la reivindicacion 18, por lo cual se considera que no son nuevas.”
1.3 Nivel Inventivo

Sobre el requisito del nivel inventivo, el Examinador establece que una persona del nivel
técnico medio, versada en la materia, ensayaria las soluciones que se proponen en los
documentos W02003051392 (D1) y US5153312 (D3) y llegaria de manera obvia a la
solucién que se propone en la presente solicitud. Particularmente, el Examinador considera
que las reivindicaciones 1 - 6, 111 - 15 y 21 - 24 carecen de nivel inventivo debido a las

ensefianzas contenidas en los documentos D1y D3.
L1 Examinador establece:

“En consecuencia, la persona del oficio normalmente versada en la materia, incluiria esta
caracteristica de D3 (conjugar individualmente todos los polisacdridos capsulares
revelados en DI, porque el mismo documento D3 ya sugeria que se podia obtener una
vacuna multivalente de esta manera. Por lo tanto se considera que la composicién de la
reivindicacion 1 se deriva de las ensefianzas que en conjunto revelan los documentos DI y
D3y carece de nivel inventivo

En consecuencia, la persona del oficio normalmente versada en la materia, incluiria esta
caracteristica de D3 (conjugar individualmente los polisacdridos capsulares de 8.
pneumoniae con CRM,y; y mezclar los conjugados producidos) a los polisacdridos
capsulares revelados en DI, porque el mismo documento D3 ya sugeria que se podia
obtener wna vacuna mmltivalente de esta manera. Por lo tanto se considera que la

composicion de la reivindicacion 11 se deriva de las ensefianzas que en conjunto revelan

'
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los documentos D1y D3 y carece de nivel inventivo.”

2. Argumentos a favor de la patentabilidad de la solicitud
2.1  Reivindicaciones

De acuerdo con las observaciones de su Despacho ¢l solicitante presenta un nuevo capitulo
reivindicatorio notoriamente mas limitado y siguiendo las sugerencias de su Despacho con

el fin de responder a todas las objeciones.
2.2 Descripcion

El examinador considera que la invenciéon no describe suficiente y completamente la
invencion para una persona medianamente versada en la materia técnica en razén a que no
se suministra el certificado de depdsito de los serotipos 3, 4, 5, 6A, 6B, 7F, 9V, 18C, 19A,

19F y 23F de S. pneumoniae.

[l solicitante no esta de acuerdo con la observacién planteada por su Despacho en razén a
que las cepas de S. pneumoniae de todos los serotipos listados estaban disponibles en la

técnica anterior y accesibles para la persona medianamente versada.

Las diferentes cepas de S. pneumoniae de todos los serotipos mencionados se encuentran,

por ejemplo, disponibles en el ATCC (American Type Culture Collection).

Adicionalmente, la estructura de los varios polisacaridos era conocida.

Se le recuerda a su Despacho que la obligacion de mencionar el certificado de depésito solo
aplica para aquellas cepas que son nuevas y hacen parte de la invencion que no es del caso
en la presente solicitud.

2.3  Novedad

La novedad de una solicitud esta legalmente definida en el Articulo 16 de la Decisién 486

asi: “una invencién se considerard nueva, cuando no estd comprendida en el estado de la
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técnica. Ll estado de la técnica comprenderd todo lo que haya sido accesible al priblico
por una descripcion escrita u oral, utilizacion, comercializacién o cualquier otro medio
antes de la fecha de presentacion de la solicitud de patente o, en su caso de la prioridad

reconocida...”

En virtud de la anterior definicion, consideramos que los documentos D2 y D4 no

constituyen documentos del arte previo que afecten la novedad de la presente solicitud.

El objeto de la presente invencién es una composicién inmunogénica multivalente y una
formulacién liquida estéril que no se han revelado en ninguna de los documentos
mencionados. Ademds, las reivindicaciones objetadas por novedad 9y 10y 18, 19 y 20 se

han suprimido de tal manera que las objeciones por novedad se consideran como superadas.
24 Nivel inventivo

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

derivado de manera evidente del estado de la técnica”.

Contrario a lo que plantea el Examinador, el documento del arte previo citado no afecta el
nivel inventivo de la presente solicitud por cuanto no es posible derivar la presente

invencion a partir de las ensefianzas presentadas en los documentos D1y D3.

Ll solicitante desea manifestar que el nuevo capitulo reivindicatorio posee nivel inventivo

posee nivel inventivo. No era obvio agregar conjugados utilizando el mismo portador

CRM,o; y obtener una respuesta inmune contra 13 conjugados de polisacarido capsular de

13 diferentes serotipos de S, pneumoniae, por las razones que se exponen a continuacion.

Al momento de la presentacién de la presente solicitud, la técnica anterior ensefiaba que la

valencia de las vacunes conjugadas era una tarea dificil.

De hecho, era conocido en la técnica que la combinacién de conjugados utilizando la misma

proteina portadora en una inyeccién multivalente tinica puede resultar en competicion entre
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los diferentes componentes y puede afectar adversamente la inmunogenicidad de cualquier

conjugado individual.

Este fendmeno, conocido como interferencia de la respuesta inmune se debe al hecho de que
una gran cantidad de proteina portadora puede conducir a una alta carga epitdpica especifica
de célula T, la supresiéon mediada por el portador de la respuesta del anticuerpo y se vuelve

asi un factor limitante para la adicién de conjugados individuales.

Fattom et. al. (Vaccine (1999) pagina 126-133, Vol 17, anexa a la presente) por ejemplo,
observé una reduccion de respuestas de anticuerpo a varios serotipos en ratones cuando la
inmunogenicidad de las vacunas de conjugado multivalente se compararon con la

inmunogenicidad de cada vacuna monovalente evaluado de manera separada.

Este fendmeno también se observé en Dagan e. al. (Infection and Immunity, 1998, p.2093-

2098; anexo a la presente) que concluy6 que:

"es deseable la restriccion del contenido del portador de la proteina en la vacuna conjugada,
como lo es el desarrollo de la ofra proteina o portadores no proteinicos para vacunas de
sacarido” (ver pagina 2097, columna derecha, ultima frase del segundo pérrafo).

Las soluciones a estos problemas sugeridas en la técnica anterior son:

- el uso simultaneo de dos o mas portadores, con algunos serotipos de polisacarido

sobre uno y algunos sobre otros (ver Fattom ef. al. y Wuorimaa et al. The paediatric

Infectious Disease Journal, Volume 20(3), 2001, pp 272-277, anexo a la presente); Notamos

que_el documento D1 citado como la_técnica anterior mas cercana también_enseiia el

uso de dos 0 mas portadores;

- otra solucién sugerida por la téenica anterior fue mezclar dosis divididas en dos del
mismo polisacarido sobre dos portadores, que, de manera similar, dividen en dos las dosis
del portador individual para cualquiera de las dosis PS totales dadas (Anderson P ef al.,
Vaccine, 2003; 21(13-14):1554-9; anexo a la presente.).

La vacuna de la presente invencion difiere de la de la técnica anterior por el uso de muchos
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mas conjugados utilizando el mismo portador CRM,y,. Esto significa un incremento en el

ntimero de conjugados, y un incremento en la dosis total del portador.

D1 citado por el examinador como fa técnica anterior mas cercana esta utilizando al_menos

dos diferentes proteinas portadoras.

D3, citado por el examinador, se relaciona con la vacuna conjugada de oligosacirido en
donde la presente solicitud menciona una vacuna de polisacérido que es mucho mas dificil

de obtener.

D3 es simplemente listar los serotipos en la columna 1y 14, Notamos que el serotipo 6A no

es parte de la lista.
D3 solo ejemplifica una formulacién de oligosacérido tetravalente (4 conjugados).

Esto es, por supuesto, mucho menos que la vacuna conjugada tridecavalente (13) de la

presente invencion.

La persona versada en la materia técnica conociendo del fenémeno de interferencia en la

respuesta inmune, que limita potencialmente el niimero de conjugados utilizando la misma

proteina portadora no habria agregado mas conjugados usando ¢l mismo portador

CRM 0.

Sin embargo, los inventores de manera sorprendente encontraron que la adicién de
polisacdridos derivados de los serotipos 3, 6A, 7F y 19A conjugados a CRM;g; permitid
generar una poderosa respuesta inmune en una composiciéon inmunogénica multivalente que
comprende los antigenos de polisacarido conjugados CRMy; de la vacune PCV7 licenciada

(l’l'¢v11al'TM).

El solicitante puntualiza a este respecto los altos titulos IgG de suero obtenidos en el
ejemplo 16 (ver tabla 3 y 5) y la buena actividad funcional del anticuerpo medida mediante

la OPA (ver tabla 4) de la solicitud.

Estos resultados sorprendentes de la presente solicitud fueron confirmados posteriormente



por muchos ensayos clinicos en humanos, por ejemplo por Yeh S et al, Pediatrics
2010;126;e¢493-e505, anexa a la presente. Yeh et al. establece que: "este estudio apoya que
el PCVI3 serd tan efectivo como el PCV7 en evitar la enfermedad causada por los
serotipos comunes a ambas vacunas. El PCV13 tiene un perfil de seguridad comparable al
PCV7. Ademas, el PCV13 debe mediar proteccion contra los 6 serotipos adicionales, todos
los cuales son una causa importante en todo el mundo de enfermedad neumocécica severa."

(ver pagina €504, seccion de conclusiones).

Contrario a lo que se habria esperado de la técnica anterior, no se observd la temida
interferencia inmune entre el componente de la vacuna. Adicionalmente, no se observé la
interferencia en inmunogenicidad de otras vacunas para nifios concomitantemente

administradas.

En contraste, otros grupos buscan suministrar cubrimiento mas alla de la vacuna PCV7
licenciada (Prevnar™) siguié una senda que es fundamentalmente diferente de la presente
invencion, buscando en su lugar evitar interferencia a través del uso de portadores de tipos

miltiples.

Por ejemplo, los investigadores en GlaxoSmithKline (solicitante de D1) han publicado
reportes con relacidn al estudio de la inmunogenicidad de una vacuna neumocécica
undecavalente (11) donde el portador fue la proteina D (Prymula ef al., Expert Review of
vaccines, 2009, Vol. 8, No. 11, Paginas 1479-1500, ver en particular la pagina 1480

columna derecha, seccién "Por qué seleccionar una nueva proteina portadora ™).

La formulacién final (conocida como Synflorix™) es muy diferente de aquella previamente
probada en ensayos clinicos y se hicieron tres cambios claves durante los ensayos clinicos:
la proteina portadora para el serotipo 18C se cambi6 a toxoide de tétano, la proteina
portadora para el serotipo 19F se cambi6 a toxoide de difteria y el serotipo 3 se removié de
la vacuna en razén a que la eficacia contra el serotiﬁo 3 neumocdcico no se podia demostrar

(ver pagina 1481, columna izquierda, seccion "Cambios a la primera formulacién").

Se observd que el serotipo 3 conjugado a la proteina D tuvo que ser removida como efecto
no cebado para el serotipo 3 en nifios que habian recibido tres dosis tres dosis de vacuna

seguia por una dosis reforzada de la misma vacuna o una vacuna a de polisacérido
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neumocéeico (ver Nurkka et al., aqui anexa; por ejemplo, pagina 1012 columna derecha,
penultimo parrafo). En otro estudio, los resultados del ensayo opsonofagocitico (OPA) en
nifios que habian recibido dosis de la vacuna undecavalente (11) no mostré6 las respuestas de
anticuerpo para el serotipo 3 a niveles comparables con otros serotipos probados (ver
Gatchalian er al., 17 reunion anual de la Eur. Soc. Paed. Inf. Dis (ESPID), nimero de cartel
4, P1A Poster Session 1, Estambul, Turquia, Mar. 27, 2001, aqui incluido). En ain otro
estudio que examind la eficacia de la vacuna undecavalente en la prevencién de la otitis
media aguda, la vacuna no suministran proteccion contra episodios causados por el serotipo
3 (Prymula., (2006) Lancet, 367: 740-748, aqui anexo; ver, por ejemplo, pagina 744

columna derecha, segundo parrafo y 747, columna derecha, pentltimo y Gltimo parrafos).

Asi, los resultados suministrados en la presente solicitud de patente fueron inesperados y el
nuevo capitulo reivindicatorio que ahora se refiere exclusivamente a la composicién
inmunogénica que comprende 13 diferentes polisacdridos conjugados a la proteina

portadora CRM,¢; es inventiva.

En conclusién, la persona medianamente versada en la materia no habria contemplado la
composicion inmunogénica de la reivindicacion 1 porque se hubiera temido que la adicidn
de muchos mas conjugados utilizando la misma proteina portadora daria como resultado la
interferencia de la respuesta inmune que afecta la inmunogenicidad de la vacuna. Los
inventores de manera sorprendente tuvieron éxito con esta aproximacién, utilizando el

portador CRM, 97, obtener buenas respuestas al antigeno donde otros han fallado.
De acuerdo con lo anterior la invencién claramente posee nivel inventivo.

El solicitante presenta, ademas, una solicitud divisional. El soporte para las reivindicaciones

de la solicitud divisional es el siguiente:

- La reivindicacién 1 encuentra soporte en la pagina 17, lineas 23 - 25 y pagina 18

lineas 1-7 en conjuntd con pagina 19 lineas 5 -8.

- La reivindicacion 2 y 3: caracteristica adicional encuentra soporte en la pagina 18

lineas 7 - 10.
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- La reivindicacion 4 estd relacionada con la formulacién y dosis (cada dosis de
0.5mL es formulada para contener: 2.2.ug de cada sacdrido, excepto por 6B a 4.4 pg;
aproximadamente 29 pg CRM197 proteina portadora; 0.125 mg de aluminio elemental (0.5
mg de fosfato de alumino) adyuvante; y cloruro de sodio y bifer de succinato de sodio
como excipiente.

Esta formulacién encuentra soporte en pagina 25 lineas 15-25 y pagina 26 linea 1-6 en
relacién con pagina 25 lineas 1-6 y pagina 81 lineas | - 4

La dosis 2.2 pg de cada sacarido, excepto por 6B a 4.4 pg es soportado por la solicitud
(como se mencion6 anteriormente, esta fue de hecho la dosis utilizada en el estudio descrito
en la pagina 81, y en vista de lo divulgado en la pagina 25 lineas 1-6 seria inmediatamente
evidente para una persona experta en la materia que dicha dosis es una modalidad de la
invencion).

- La reivindicacion 5 y la 6 encuentran soporte en la pagina 25 lineas 15-25. Para la
reivindicacién 5 (dosis 2.2 pg de cada sacarido, excepto para 6B a 4.4 pg; por favor ver
arriba).

- La reivindicacion 7 encuentra soporte por ejemplo en la pagina 24 lineas 14-20;

- La reivindicacion 8: encuentra soporte por'ejemplo en la pagina 18 lineas 13-26 y
pagina 19 lineas 1 a 8 en conjuncién con pagina 21 lineas 6-9 y pagina 17, lineas 23 - 25 y
pagina 18 lineas 1-7;

- La reivindicacion 9 es soporte de reivindicacién 11 anteriormente asi como en
pagina 19 lineas 5 -8.

- La reivindicacién 10 encuentra soporte por ejemplo en la pagina 21 lineas 6-9 y

pagina 17, lineas 23 - 25
3. Solicitudes concedidas en otros paises para esta misma invencion.

A manera informativa, pongo en conocimiento del Examinador que las patentes
EP1868645B1, europea; JP4472770 (B2), japonesa y AU2006235013 B2, australiana,
equivalentes a la presente solicitud colombiana ha sido otorgadas. Aun cuando entiendo
que estas decisiones de ninguna manera obligan al Despacho para decidir de igual forma,
considero que por tratarse de una pregunta factica la determinacién de la existencia de
novedad y nivel inventivo, las decisiones de otras oficinas de patentes constituyen un

antecedente persuasivo en la materia.

10
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En virtud de lo anterior, solicito que se acepten las razones expuestas en el presente
documento y en consecuencia, se otorgue el privilegio de patente de invencién para el

invento que se tramita en este expediente.

Atentamente,

=

ALY ARO CORREA ORDONEZ
C.€.No0.79.143.366 de Usaquén
TPP.20.281

Anexos: - Capitulo reivindicatorio modificado

- Solicitud divisional

- Recibo por presentacion de solicitud divisional

- Documentos:
1. Fattom et. al. (Vaccine (1999)) pagina 126-133, Vol 17) ~
2. Fattom ef. al. y Wuorimaa et al. The paediatric Infectious

~Disease 3. Journal, Volume 20(3), 2001, pp 272-277

3. Dagan et. al. (Infection and Immunity, 1998, p.2093-2098
4. Anderson P et al, Vaccine, 2003; 21(13-14):1554-9
5. Yeh S et al., Pediatrics 2010;126;e493-e505
6. Nurkka et al. pagina 1012 columna derecha, pentiltimo parrafo.
7. Gatchalian et al., 17 reunién anual de la Eur. Soc. Paed. Inf. Dis
(ESPID), ntimero de cartel 4, PIA Poster Session 1, Estambul,
Turquia, Mar. 27, 2001
8. Prymula et al (2006) Lancet, 367: 740-748
9. Prevnarl3

BM_RAC/BOGDMS-#1208215-V1-P2007_000280-MEMORIAL_DE_RESP_PRIMER__EX__DE_FONDO.DOC
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REIVINDICACIONES

1. Una composicién inmunogénica multivalente, que comprende: 13
diferentes conjugados de polisacdrido-proteina, junto con un
vehiculo fisioldégicamente aceptable, en donde cada uno de
los conjugados comprende un polisacdrido capsular de un
serotipo diferente de Streptococcus pneumoniae conjugado a
una proteina portadora, y los polisacdridos capsulares se
preparan de los serotipos 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14,
18C, 197, 19F y 23F, en donde la proteina portadora es
CRM197; gque comprende, ademds, un adyuvante en donde el

adyuvante el fosfato de aluminio.

2. Una formulacidén liquida estérxil de polisacéridos capsulares
neumocécicos de los serotipos 1, 3, 4, 5, 6A, 6B, 7F, 9V,
14, 18C, 19A, 19F y 23F individualmente conjugados al CRM197

para uso como una vacuna.

3. La formulacién liquida estéril de la reivindicacidén 2, en
donde cada dosis de 0,5 mL se formula para contener: 2 ug de
cada sacdrido, excepto para 6B a 4 pg; aproximadamente 29 ng
de proteina portadora CRMjg7; 0,125 mg de adyuvante de
aluminio elemental (0,5 mg de fosfato de aluminio); vy

cloruro de sodio y succinato de sodio como excipientes.

BM_RAC/BOGDMS-#1207512-V1-P2007_000280-NUEVO_CAP_REIV__PRIMER_FONDO.DOCX
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PERGAMON Vaccine 17 (1999) 126-133

Epitopic overload at the site of injection may result in
suppression of the immune response to combined capsular
polysaccharide conjugate vaccines

Ali Fattom®*, Yun Hee Cho?, Chiayung Chu®, Steven Fuller®, Louis Fries?,
Robert Naso™®

“Walter Karakawa Microbial Pathogenesis Laboratory, NABI, Rockville, MD 20852, USA
YLDMI, National Institutes of Health, Bethesda, MD 20892, USA

Received 17 December 1997; received in revised form 16 April 1998; accepted 28 April 1998

Abstract

Capsular polysaccharide (CP) conjugate vaccines targeting a variety of bacterial infections are currently under development
and clinical evaluation. The inclusion of multiple CP serotypes combined in a single injection is an important mancuver being
evaluated. The combination of CP conjugate vaccines into a single multivalent injection may result in competition among the
different components and adversely affect the immunogenicity of any individual conjugate. We observed a reduction of 30-90%
in antibody responses to several serotypes in mice when immunogenicity of a 12-valent Escherichia coli (E. coli)
lipopolysaccharide (LLPS) conjugate vaccine was compared (o the immunogenicity of each monovalent vaccine evaluated
separately. A reduction of 30% was observed in the Staphylococeus aureus (S. aurens) type 8 CP antibodics when a type 8-rEPA
conjugate was combined with a type 5-rEPA conjugate. S. aureus types 5 and 8-rEPA conjugates were combined with 100 pg of
either rEPA (homologous) or diphtheria toxoid (DT) (heterologous) carrier proteins, and cvaluated in tEPA or DT primed
mice. The addition of the homologous protein resulted in a 64% reduction in type 5 CP antibodies. The heterologous protcin
did not aflect the immunogenicity of the type 5. We postulate that the free protein competed with the conjugate and recruited
most of the rEPA primed T cells. In the case of the DT conjugates, the DT targeted different populations of the T cells, thus
interference was not observed. These data suggested that the epitopic load rather than the antigenic load at the site of injection
caused reduced immunogenicity of the conjugates. We theorize that individual components of multivalent CP vaccines
conjugated to the same carrier proteins would compete for a limited number of specific carrier protein primed T cells. This
would result in onc or more components being unavailable in eliciting a sufficient immune response. The use of multiple carrier
proteins should be considered as an approach to reduce interference when multivalent conjugate vaccines are to be formulated
into a single injection. © 1998 Elsevier Science Ltd. All rights reserved.
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1. Introduction nize bacteria for phagocytosis and killing by polymor-
phonuclear leukocytes (PMNs) in in vitro assays, and

Bacterial capsular polysaccharides (CPs) are viru- can protect animals against the effects of bacterial
lence factors and protective antigens [1-3]. By covering challenges in experimental (in vivo) animal models [4-

the surface of these pathogens, CPs shield the microor-
ganisms and enable them to evade opsonophagocyio-
sis, the major clearance mechanism of bacterial
pathogens. Antibodies elicited by these CPs can opso-

6]. Mono- and multivalent CP based vaccines have
been formulated, and shown to be efficacious in indu-
cing protective immunity in humans. Such vaccines
include the 23-valent pneumococcal and the tetra-
valent meningococcal vaccine, as well as the highly

* Corresponding  auwthor. Tel: +301-255-6970; fax: +301-770- successful  Haemophilus influenzae type b conjugate
2014; c-mail: afatom@nabi.com. vaccine [7-10].
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Purified CPs, with a few exceptions, are poor and
age-related immunogens, and T cell independent anti-
gens. When immunized with CPs vaccines, Children
less than 2years old and elderly mounted a poor
immune response which resulted in lower efficacy of
these vaccines [10, 11]. The development of conjugate
vaccines comprising CPs chemically-linked to protein
carriers has been pursued to overcome these limi-
tations. Covalently binding CPs to carrier proteins has
improved their immunogenicity, conferred T cell
dependent immunologic response paiterns, and over-
come the age-related behavior of immune
responsiveness [12].

Multivalent conjugate vaccines and combination
vaccine formulations have been introduced to permit
protection against multiple pathogen serotypes within
a simple immunization schedule [9, 13, 14]. While the
combination of purified capsular polysaccharide vac-
cines has not altered the immunogenicity of the indi-
vidual polysaccharides, a reduced immunogenicity of
individual conjugate vaccines when presented in multi-
valent formulations has been observed [14-17]. The
reduced immunogenicity of conjugate vaccines in com-
bined formulations has been attributed largely to the
epitopic suppression phenomenon, and in some cases,
to non-epitope-specific suppression [18, 19]. We investi-
gated the phenomenon of interference in combined
polysaccharide-conjugate vaccines in animals. Our the-
ory is that interference is due to competition between
CPs bound to homologous carrier proteins for a lm-
ited number of carrier-specific primed helper T cells,
such competition would result in a'diminished T cell
help and consequently in a reduced immune response
to one or more polysaccharide components of the
combined vaccine.

2. Mcthods and materials
2.1. Materials and methods

2.1.1. Vaccines

S. aureus capsular polysaccharides type 5 and type 8
conjugated to recombinant, nontoxic exotoxin A de-
rived from Pseudomonas weruginosa, expressed in FE.
coli ("EPA) (TS-rEPA and T8-rEPA, respectively) were
used as monovalent vaccines [20]. Their preparation
and characterization were described [21]. The S. aureus
type 8 CP conjugated to diphtheria toxoid (T8-DT)
was prepared using the SPDP method as described [22].
The E. coli O-polysaccharides (PS) used in preparation
of these vaccines were prepared by acid hydrolysis of
purified lipopolysaccharide (LPS), activated by cyano-
gen bromide, derivatized with adipic acid dihydrazide,
and conjugated to rEPA through activation with car-
bodiimide as described [23-25]}. The 12-valent vaccine

contained the following LPS serotypes: O, 04, 06,
07, 08, 011, 015, 016, 018, 022, 025, and O75.

2.1.2, Immunization

Groups of 10 outbred, general purpose, strain ICR
female mice (Harlan Sprague Dawley, Indianapolis,
IN), 6-8 weeks old, were immunized subcutancously
with 0.1 ml (2.5 ug CP or CP-conjugate) containing
2.5 ug of the appropriate conjugate vaccine. The multi-
valent combination vaccine volumes did not exceed
0.5 ml and contained 2.5 ug (based on polysaccharide
content) of each individual conjugate. All immuniz-
ations in the priming or secondary series were deliv-
ered at two week intervals and terminal
exsanguination was carried out one week after the last
immunization [12,22).

2.2. Serological analysis

Mouse sera were assayed for the presence of S. aur-
eus TS5 and T8 CP IgG antibodies using an avidin-bio-
tin ELISA method [24). The E. coli O-specific
polysaccharide IgG antibodies from animals immu-
nized with either the mono or multivalent vaccines
were assayed in ELISA using the appropriate LPS to
coat the ELISA plates [25]. Sera were evaluated using
the Titer Max Calculation Program (Dynatech
Software) and quantitated by comparison with a
pooled hyperimmune mouse reference serum using a
parallel line analysis [26,27].

2.3. Statistical evaluation

The geometric means (GM) were calculated from
the anti-log of the average of the natural log of each
sample value. Student /-tests were performed via
Sigma Statistics (Jandel Scientific Software) for com-
paring groups.

3. Results

3.1. Effect of previous immunizations on the immune
response to S. aureus T8 antibodies

Table 1 shows that while immunization with non-
conjugated CP ‘did not elicit antibodies, <1 ugml~',
mice immunized once with conjugate vaccine elicited a
weak immune response, 7.5 pugml!~™', compared to
149.3 g m! =" maximum response achieved by two
injections of the T8-rEPA conjugate vaccine. When
T8-rEPA conjugate immunized mice were injected with
T8 CP alone, homologous (rEPA), heterologous (DT)
carrier protein, or the T8-DT conjugate, these animals
did not elicit significant increases in the T8 antibody
titers. Mice previously injected once or more with a

A
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Table 1. The cficct of antigen booster injection on the S. aureis T8 antibody responsc in mice with and without priming

Priming Vaccination GM antibody (g mi™")
Immunogen Doscs Immunogen Ist dosc (range)
None 0 T8-rEPA 7.5 (3.8-44.7)

S. aurens T8-rEPA | rEPA 10.3" (4.8-16.1)
S. aureus T8-rEPA | DT 9.17 (3.8-26.6)

S. aureus T8-rEPA 1 T8 Ps 11.8° (4.8-18.9)
S. aurens T8-rEPA 1 T8-DT 16.9" (7.2~68.7)
S. aurcus T8-rEPA 1 T-8-rEPA 149.3" (71.5-249)
E. coli 075-DT 1 T8-DT . 157.6* (40.5-727.8)
E. ¢oli 075-DT 3 T8-DT 237.5% (40.0-2079.7)
T8 CP 1 T8 CP <1

Saline ! Saline <]

“vs . p < 0.01; *not significant p > 0.05.

nonrelated CP conjugated with a homologous carrier
protein (DT) responded to T8-DT with a booster re-

. sponse in T8 antibodies, 157.6 and 237.5 ;g ml~". This
large response was related to the carrier moiety, since
it was seen when T8-DT was administered following
immunization with the E. ¢coli-DT conjugate, and was
not observed when mice were previously immunized
with T8-rEPA.

Mice are naive to both carrier proteins used in this
study, i.e. rTEPA and DT. Therefore, the first immuniz-
ation of the naive animals elicited a mild immune re-
sponse to type 5 polysaccharide. Following the second
injection, a booster response was observed (> 30-fold
increase) (p < 0.01). The third immunization gave rise
to another boost in the antibody levels of type 5
(p <0.02) (Table 2). The number of previous immu-
nizations with conjugate vaccines affected the immune
response to S. aureus CP only when the animals were
previously exposed to the homologous carrier protein.
Upon priming with a different CP conjugated to the
same carrier protein, one injection of the vaccine eli-
cited an immune response comparable to that elicited
by two injections of the same conjugate (29.2 vs 57.3,
p > 0.05). Animals immunized previously with T8-
rEPA conjugate vaccine did not show a priming effect
or booster response when injected once with T8-DT
conjugate (Table 2). The immune response to the T8§-
DT conjugate in these animals was similar to immuniz-

ation of naive animals i.e. a booster response following
the second and the third immunization.

3.2. Effect of combination of vaccines into multivalent
Jormulations on the immune response 1o single
components

Since the first immunization of mice with conjugate
vaccines did not elicit significant amounts of CP anti-
bodies, animals’ immune response to the second and
third immunization with the conjugates will be ana-
lysed. Table 3(a) shows that the combination of S. aur-
eus T5-rEPA with T8-rEPA or T8-DT conjugales to
produce a bivalent vaccine did not affect the immune
response to TS CP following the second and the third
immunization. The levels achieved were comparable to
the immunization with the monovalent vaccine.
However, a 64% reduction in the antibody levels to
T8CP was observed when T8-rEPA was combined
with T5-rEPA conjugate (p < 0.05) [Table 3(b)]. No
reduction in T8 immunogenicily was observed when
T8-DT conjugate was combined with T5-rEPA. The
reduced immunogenicity of T8-rEPA was largely cor-
rected following the second booster injection of the
vaccine [Table 3(b)] ( P < 0.01).

Results depicted in Fig. 1 demonstrate a dramatic
effect of combining conjugate vaccines into a multi-
valent formulation. All E. coli O-PS conjugates eli-
cited a significant immune response following three

Table 2. The cffect of previous immunization of mice on the S. aurens TS CP antibody responsce

Priming Booster vaccination GM antibody pig mi™!

Immunogen # Doscs Immunogen 1st dose (range) 2nd dosc (rangc) 3rd dose (range)
Nonc 0 TS-rEPA 1.6 (0.1-5.0) §7.3" (3.0-454.9) 184.2° (92.8-757.5)
S. aureus T8-rEPA 3 T5-rEPA 29.27 (7.0-144.0) 28.3° (9.0-152.9) ]64.7’_(\3.5—3751.8)
S. aureus T8-DT 3 T5-rEPA 4.7% (1.0-57.9) 104.6" (26.6-379.9) 262.4' (21.9-671.8

“vst p <001 P p< 0.02; 4 yg e, p > 0.05 (not significant);  vs/, p < 0.01; ¢ vs €, p<00L;¢vs” p<0.01;%vs p<00l.
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Table 3. The cfiect of multiple conjugate combinations administered
in a single injection on the immune response to S. aurens CPs

(a)Anti CPS antibodics

Immunization CP antibody GM (ugml™"

Vaccine 2nd dosc (range) 3rd dose (range)

TS-rEPA 54.7% (35.5-136.5)
T5-rEPA/T8-rEPA 36.7 (18.7-78.5)
T5-tEPA/T8-DT 77.37 (36.5-131.0)

494.2" (190.0-1090.0)
508" (325.0-1230.0)
307.3" (213.0-595.0)

(M)Anti CP8 antibodics

T8-rEPA 149.3% (71.5-249.0)
TS5-rEPA/TS-rEPA 54.3° (34.0-84.0)
T5-rEPA/TE-DT 129.7" (56.0-383.0)

306.1” (137.0-939.0)
218.8" (60.0-863.0)
851.5" (394-1877)

“yst p <001 “vs”, p <001,

immunizations with monovalent formulation. The
number of responders, i.e. > fourfold increase of anti-
bodies titers, was >90% for 9/12 serotypes. The rest
of the serotypes, 3/12, achieved <60% (range 40—
60%). A dramatic reduced immunogenicity was
observed when a combination 12-valent vaccine was
administered in one single injection. A significant
(p < 0.05) decrease in the immune response to 6/12 PS
was observed ranging from 25-95% of the response
achieved when the same conjugates were administered

as monovalent, A similar reduction was observed in
the number of responders to each vaccine. Only 4/12
serotypes achieved >90% responders and the rest, 8/
12 serotypes, achieved <75% response rate (range 40—
75%). Three serotypes, O7, O11, and O75, were poor
immunogens in monovalent as well as polyvalent for-
mulation. A slight, but not significant, increase in anti-
body titers was observed with four serotypes in the
multivalent formulation (p > 0.3).

3.3. Effect of overload of homologous or heterologous
carrier protein on the immunogenicity of S. aureus
conjugates

Data presented in Table 4 show that the addition of
10 ug homologous carrier resulted in an insignificant
decrease in the antibody titers against both T5 and T8
CPs. However, a dramatic (63%) decrease in the T3
antibody titers was observed when 100 pg of the car-
rier was added to the vaccine (p < 0.02). Addition of
the same amount of the heterologous DT protein did
not affect the immune response to TS-rEPA conjugate.
As type 8, on the other hand, had already reduced
immunogenicity in the bivalent, no further inhibition
was observed in any of the combinations and the
immune response resembled that obtained with one
injection of the vaccine (Table 1).

g8 Dodecavalent

m Monovalent

w L _
wo b L
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20
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Fig. 1. Immunogenicity in mice of E. coli O-specific polysaccharide conjugates injected scparatcly as monovalent or combined as dodecavalent
vaccines. Mice in groups of ten werc immunized three times, 2 weeks apart, and exsanguinated 1 week after the last injection. The dosc was
2.5 pg as a monovalent or dodecavalent conjugated PS in a volume not cxceeding 0.5 ml. Mouse sera were cvaluated in ELISA against a high
titcred reference. Resulls are expressed as geometric mean pg IgG mi™" and the ranges of the antibody concentration in cach group.
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Table 4. The cficct of overload with homologous and heterologous free carrier protein ('EPA or DT) on the T5 and T8 CP antibody response

Group Priming Vaccination

Immunogen (2.5 pg/0.1 m)Dose ITmmunogen (2.5 pg/0.1 ml) Dosc

TS response (GM (ug ml ="y (range) T8 response GM (g ml ™) (range)

1 TS5/T8rEPA | T5/T8-rEPA

2 rEPA 1 TS/T8-rEPA

3 TEPA | TS/T8-rEPA + rEPA (10 mg)
4 rEPA 1 T5/T8-rEPA + rEPA (100 mg)
S rEPA 1 TS5/T8-rEPA + DT (100 mg)

1
1
t
i
1

40.9 (22.0-88.0)
28.8" (12.0-148.0)
24.3° (4.0-78.0)
10.6 (6.0-76.0)
30.6" (7.0-156.0)

17.9 (4.0-65.0)
6.8 (3.0-13.0)
10.4 (4.0-31.0)
5.7 (0.0-9.7)

10.6 (5.0-22.0)

Tys G PUNS v p <002, vs 9 p < 0.02.
4. Discussion

Polysaccharides are poor immunogens, as they elicit
less than optimal levels of antibodies in infants, chil-
dren under the age of two years, adults with immuno-
deficiencies, and the elderly. Their immunogenicity is T
cell independent and they elicit no booster response
upon reinjection [28,29]. To overcome the restricted
immunogenicity of polysaccharide vaccines, a new gen-
eration of semisynthetic vaccines has been explored.
These new vaccines are based on the conjugation (co-
valent coupling) of polysaccharides to protein carriers.
In contrast to the restricted and otherwise poor immu-
nogenicity of polysaccharides, these polysaccharide—
protein conjugates were shown 1o elicit high levels of
polysaccharide-specific antibodies [30,31]. Conjugate
vaccines were also shown to induce a boostable anti-
body response. Furthermore, the conjugate vaccines
clicited high levels of polysaccharide-specific antibodies
in infants during the early years of life when they are
at high risk of contracting bacterial infection. The
increased immunogenicity of these conjugate vaccines
is due to the induction of carrier-specific T lympho-
cytes which possess the ability to induce proliferation
and differentiation of B lymphocytes with specificity
for the polysaccharide portion of the conjugate [2, 3].

The immune response to conjugate vaccines can be
influenced by either the carrier protein or the polysac-
charide portion of the vaccine. Preexisting antibodies
to the CP portion have been found to negatively affect
the level of vaccine-induced CP antibodies. Barrington
et al. reported that the immunization of human adults
with Hib-TT previously immunized with Hib-DT, or
vice versa, did not elicit an additional increase in the
immune response to Hib [19]. Tt was also shown that
reinjection of the same conjugate did not elicit a boos-
ter response in adult humans [30,31]. This suggests
that the first injection may behave like a booster as
adults have likely been previously exposed to this anti-
gen. Furthermore, there may be a maximum allowable
antibody response that is internally regulated by
immune mechanisms. This ‘response ceiling’ may be
the limit which the immune response cannot exceed.
Another explanation for this lack of response may

involve the formation of immunocomplexes between
preexisting antibodies and injected vaccines. These
immunocomplexes are taken up by macrophages and
processed in a manner that would inhibit the latter’s
ability to properly present the antigen to T and B
lymphocytes [32)].

Conflicting results have been observed concerning
the effect of carrier protein on the immune response to
the polysaccharide portion of conjugate vaccines in
humans. In infants immunized with Hib-DT, a better
immune response was observed when the vaccine was
administered one month following their first routine
immunization with the DPT vaccine than when the
two vaccines were given concomitantly [33,34]. This
may be due to the existence of maternally acquired
DT antibodies at the time of injection in the latter
group. For those immunized one month later, these
pre-existing antibody levels may have decreased while
the population of carrier primed T cells was given time
to expand. This hypothesis is supported by another
study wherein active immunization with TT one
month prior to administering the Hib-TT conjugate
resulted in enhanced HibCP antibody levels [35]. Our
data show (hat one, two, or three immunizations of
mice with conjugates containing the homologous car-
rier equally enhanced the immune response to a sub-
sequent immunization with conjugate containing a
different CP. Conversely, prevaccination of adult vol-
unteers with homologous carrier protein, however,
reduced the subsequent increase in the total HibCP
antibodies  when  Hib-DT or Hib-TT  was
administered [19]. A recent report on the suppression
of the immune response to polysaccharide conjugate
by carrier priming in mice showed that suppression
was abrogated and the immune response even
enhanced when the amount of carrier protein used for
priming was reduced to levels causing a low antibody
response to carrier [36]. Similar results were achieved
when the B-cell epitopes were removed from the
carrier [37]. These varying data indicate that there may
be several factors involved in the enhancement/sup-
pression issues. An expanded population of primed T
cells will enhance the response to the second exposure
to antigen, but the presence of too much antibody
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may suppress a subsequent immune response through
immunocomplexing or the ‘response ceiling” phenom-
enon. This provides an interesting problem for
researchers who are attempting (o design vaccines,
their formulation, and immunization schedule in such
a way as to predict response.

The development of effective vaccines against bac-
terial pathogens necessitates the combination of several
serolype conjugates into one injection. Previous experi-
ence with the Hib conjugate/DPT combination and the
subsequent reduced immune response to Hib is
worrisome [38,39]. We utilized S. aureus conjugate
vaccines as a tool to explore the effect of combining
vaccines into one injection and of carrier protein over-
load at the site of injection. Qur theory was that the
injection of a multivalent vaccine using the same car-
rier will result in competition between carrier-specific
primed T lymphocytes. This would result in a less than
optimal response to one or more components of the
multivalent vaccine. If this theory is valid, then an
overload with free carrier protein at the site of injec-
tion will result in reduced immunogenicity of the con-
jugates. Since mice do not possess pre-existing
antibodies to rEPA, they were primed with either
rEPA or conjugate and the immune response to the
second injection was evaluated. The data show that
with the bivalent T5-rEPA/T8-rEPA conjugate, the
type 5 CP antibodies were not affected but the type 8
CP antibodies were significantly reduced compared to
the monovalent vaccine (p < 0.01). The third injection
of the combined vaccine resulted in correction of the
interference observed with the second injection. A
combination of TS-rEPA with T8-DT did not result in
any reduction of antibodies to either CP.

A similar inhibitory effect was observed when conju-
gates were supplemented with free homologous carrier
protein. The data suggest that the exient of interler-
ence is related to the concentration of the carrier pro-
tein. Only a trend of suppression was observed when
rEPA was added to the combined vaccine at a 10 ug/
dose. A significant suppression, however, was observed
when the amount was increased to 100 ug (p < 0.05).
Addition of the same amount of heterologous protein
(DT) did not result in suppression of the immune re-
sponse to either CP.

The more serotypes included in the vaccine, the
greater the likelihood that interference will be an issue.
Data presented here demonstrate the effect of combin-
ing 12 E. coli conjugates into a single injection. A sig-
nificant suppression of the imnune response to seven
out of the twelve conjugates compared to the response
when these conjugates were injected as monovalents,
Previous studies evaluating a pentavalent pneumococ-
cal vaccine in infants and toddlers showed that, in
infants, the vaccine was less immunogenic than in tod-
dlers. Using 1 yg ml~" antibodies as an endpoint for

response, only one of five serotypes (18C) achieved
this level. Following the third immunization, however,
another two serotypes (14 and 19F) achieved the
1 ug mi™" 1gG level [40). A follow up study in toddlers
that the response rate (=1 g ml~') was <75% follow-
ing the second immunization for three of the five pneu-
mococcal serotypes included in the vaccine [41].
Similar results observed in elderly volunteers showed a
lack of improvement in the immune response 10 com-
bined conjugate vaccines for serotypes 6B and 14 [42].

It seems that interference is a multifaceted immuno-
logical phenomenon. The existence of a limited num-
ber of carrier-specific Th lymphocytes at the site of
injection will likely result in competition among the
dilferent conjugates through their protein portion for
the limited specific helper T cell population. The out-
come would be less than optimal help to one or more
of the vaccine components thus resulting in reduced
immunogenicity. The severe interference observed in
the multivalent L. coli conjugate and the reduced
immunogenicity of type 5-rEPA conjugate when com-
bined with free rEPA are good examples of this
phenomenon. This epitopic load suppression phenom-
enon is different from the epitopic suppression where
antibodies to the carrier protein from previous ex-
posure facilitates the clearance of the injected vaccine
causing reduced immunogenicity similar to that
induced by maternally acquired antibodies [35]. Prior
exposure to carrier protein may, under certain circum-
stances, induce proliferation of the carrier-specific
helper T cell population, thus increasing their avail-
ability for the majority of the multivalent components.
This would result in reduced competition and an
enhanced immune response.

In conclusion, the data presented in this manuscript
support the suggestion that, in addition to epitopic
suppression induced by pre-existing carrier protein
antibodies, the epitopic load at the site of injection
might contribute to the severity of the suppression. We
recommend that special attention should be given to
the possibility ol epitopic load at the sile of injection
when designing a multivalent conjugate vaccine,
Epitopic suppression may be abrogated by choosing a
conjugate methodology that blocks B-cell epitopes on
the carrier protein or by diversification of the carrier
protein used for these vaccines.
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Abstract

Background. A need to increase the serotype coverage of pneumococcal conjugate
vaccines exists. The use of a single carrier protein may cause overload of the carrier and
decrease the immune response by not providing sufficient carrier-specific T helper cell
support. A vaccine composed of a mixture of tetanus- and diphtheria-conjugated
polysaccharides (PS) is a potential solution to this issue.

Objectives. The aim of this study was to assess the tolerability and immunogenicity
in healthy toddlers of an 11-valent pneumococcal conjugate vaccine that uses both
tetanus and diphtheria toxoids as carriers. We explored the effect of an aluminum
adjuvant on safety and immunogenicity by comparing the vaccine with and without
adjuvant.

Methods. Twenty Finnish and 23 Israeli toddlers received the conjugate vaccine
with or without aluminum adjuvant. Safety data were recorded for 5 days after
vaccination. Sera were obtained before and 28 days after the immunization. IgG
antibodies to the 11 vaccine-type PSs were determined by enzyme immunoassay.

Results. No serious adverse events occurred. The formulation with the adjuvant
tended to induce fewer local but more systemic reactions than the non-adjuvant-
containing formulation. Both vaccine formulations induced significant 1gG increases for
the vaccine-specific PSs. Types 3 and 7F were the most immunogenic; antibodies
reached a concentration of 1 pg/ml in all individuals. Conjugates of types 68, 14 and
23F were the weakest immunogens; antibodies reached the concentration of 1 pg/m!l in
36, 27 and 32% of the individuals in the nonadjuvant group and in 53, 38 and 53% in the
adjuvant group, respectively.

Conclusions. An 11-valent mixed carrier pneumococcal conjugate vaccine is safe
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and immunogenic in toddlers. The use of an adjuvant do not seem to offer any
significant benefit.

INTRODUCTION

Pneumococcal polysaccharide (PS) vaccine is immunogenic in children older than 2
years of age, but in young infants its efficacy is limited. 1 The immunogenic limitations
of PS vaccines were overcome by the development of conjugate vaccines. Several mono-
to nanovaltent pneumococcal conjugate vaccines with Neisseria meningitidis outer-
membrane protein complex, CRM,4, protein (nontoxic variant of diphtheria toxin),
tetanus or diphtheria proteins as carriers have been safe and immunogenic in toddlers 2-
10 and infants. 7, 11-19 The secondary immune responses to pneumococcal conjugates
in toddlers have T cell-dependent characteristics. 20-22 Recently a seven-valent
‘ conjugate vaccine (PncCRM) was efficacious in preventing vaccine-type pneumococcal
invasive disease (97.4% efficacy, 95% confidence interval 82.7 to 99.9%) 23 and an acute
otitis media (57% efficacy, 95% confidence interval 44 to 67%). 24 There is now a need
to increase the valency of pneumococcal conjugate vaccines for larger coverage of
pneumococcal diseases in different populations.

Increasing the valence of conjugate vaccines is more difficult than for PS vaccines,
. because the protein component of multivalent conjugate vaccines probably competes
for a limited number of carrier-specific T cells. 25 A large amount of carrier protein may
lead to high T cell-specific epitopic load, carrier-mediated suppression of the antibody
response, especially after repeated injections, 26-27 and thus become a limiting factor
for addition of further conjugates. In addition the amount of carrier protein might
influence the immunogenicity of other conjugate vaccines sharing the same carrier
when simultaneously administered. This appeared with simultaneously given
Haemophilus influenzae type b (Hib) and pneumococcal tetanus-conjugated vaccines.
28 Anti-Hib PS response was suppressed with increasing doses of tetanus toxoid in the
‘ pneumococcal vaccine. Furthermore the increasing tetanus toxoid content seemed to be
associated with lower priming capacity of the pneumococcal conjugate vaccine. 29 For
these reasons it is desirable to optimize the carrier protein content. The use of a mixed
carrier vaccine reduces the load of an individual protein and might reduce interference
in immunogenicity when muttivalent conjugate vaccine is formutated into a single dose.
25

Immunogenicity of pneumococcal PS conjugates varies depending on the carrier and
the serotype. In an octavalent conjugate vaccine PS from types 3, 9V and 14 evoked a
better response in infants when conjugated to diphtheria toxoid, and PS from type 4
evoked better response when conjugated to tetanus toxoid. 30 No carrier-specific
differences existed in immunogenicity for types 6B, 18C, 19F and 23F.

Eleven of the most common serotypes cause -80% of the all pneumococcal invasive
diseases worldwide. 31-33 The newest experimental multivalent pneumococcal
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conjugate vaccine consists of capsular PS from these 11 most common serotypes
conjugated to either tetanus or diphtheria toxoid. This vaccine uses optimal carriers for
each PS with minimized protein content to circumvent the overload of single carrier
protein. 30 Previously the vaccine was well-tolerated and immunogenic in healthy
adults. 34 The objective of this study was to assess in healthy toddlers the tolerability
and immunogenicity of this 11-valent pneumococcal conjugate vaccine.

MATERIALS AND METHODS

Vaccinees

Twenty Finnish (mean age, 23.2 months; range, 21.1 to 24.8) and 23 Israeli toddlers
(mean age, 18.5 months; range, 13 to 24.5) were recruited. History of documented
invasive pneumococcal disease, prior vaccination with any other pneumococcal vaccine

. or recent (<14 days) immunization with any other vaccines or administration of
. immunoglobulin and corticosteroid therapy prohibited inclusion into the trial. The
Finnish toddlers had previously received 3 doses of diphtheria-tetanus-pertussis (DTP)
and three doses of Hib vaccine (HbOC) conjugated to mutant diphtheria toxoid (CRM
in infancy, before the study vaccine was given. The Israeli toddlers had previously
received 3 doses of a combined DTP and inactivated poliovirus vaccine, 1 dose of DTP
and 4 doses of Hib PS conjugated to tetanus toxoid in infancy. The Ethics Committee of
the National Public Health Institute, Helsinki, Finland, and the Israeli National Ethics
Committee reviewed the protocol. Written informed consent was obtained from the
parents before enrollment. The International Conference on Harmonisation Guidelines
for Good Clinical Practice were followed in the study.

197)

Vaccines

The study vaccine (manufactured by Aventis Pasteur) was a mixture of 11
polysaccharide-protein conjugates. Pneumococcal PSs of types 3, 6B, 14 and 18C were
conjugated to diphtheria toxoid, and PSs of types 1, 4, 5, 7F, 9V, 19F and 23F were
. conjugated to tetanus toxoid protein. The vaccines contained 1 pg/dose of type 1, 4, 5,
7F, 9V, 19F and 23F PSs; 3 jig/dose of type 3, 14 and 18C PSs; and 10 pg/dose of type 6B
PS. It was given with aluminum adjuvant (F3 alum, adjuvant-containing formulation) or
without it (F3, non-adjuvant-containing formutation).

Vaccination and sampling

The study was an open, nonrandomized trial. For safety reasons the first 10
participants in Finland and the first 5 in Israel received the F3 formulation. The next 10
in Finland and 5 in Israel received the F3 alum formulation. The next 7 in Israel received
the F3 formulation, and the last 6 received the F3 alum formulation. Altogether 10
Finnish and 12 Israeli toddlers received the F3 formulation, and 10 Finnish and 11 Israeli
toddlers received the F3 alum formulation. The vaccines were administered by deep
intramuscular injections into the right upper thigh. Blood samples were obtained before
and 28 days after the vaccination. The serum samples were stored at -20°C in Finland
and at -70°C in Israel.
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Safety data

Each participant was observed for 30 min after the vaccination for immediate
allergic reactions. The parents were requested to follow adverse events for § days after
vaccination and report these on a diary card. Events followed were {ocal reactions
(redness, swelling, induration and pain) at the injection site and systemic reactions
(including rectal temperature >38.5°C, drowsiness, irritability, anorexia, vomiting,
diarrhea or insomnia). Toddlers were followed for 1 month for serious adverse events.

Serology

An enzyme-linked immunosorbent assay was used to measure IgG antibodies to the
11 pneumococcal PSs in serum samples taken at Days 0 and 28. 7 Antibodies to cell wall
PSs were neutralized before measurements. The reference serum with officially
. assigned concentrations for each PS used was 89-SF (Food and Drug Administration,
Bethesda, MD). 35

Statistical methods

Adjusted geometric mean concentrations (GMC) of antibodies were used to allow
pooling of the data from the two study centers. 36 Adjusted GMCs were calculated as
the antilog of least squares means adjusted by center factor. A paired t test was used to
calculate the statistical significance of intragroup antibody responses.

RESULTS

The 11-valent pneumococcal conjugate vaccine was safe, and no serious adverse
events occurred. The F3 formulation induced more local reactions, although the F3 alum
‘ formulation tended to induce more pain of moderate or severe intensity (Table 1).
Swelling and/or redness over 4 cm appeared in 2 of 21 cases in the F3 alum group and in
4 of 22 cases in the F3 group. Prominent local reactions appeared in 2 individuals in the
F3 group and 1 in the F3 alum group. These prominent local adverse effects were
experienced by Finnish toddlers, and vaccination by a more strictly deep intramuscular
route with an emphasis not to administer it superficially in Israeli toddlers appeared to
resolve the issue. The F3 alum induced more systemic reactions than the F3 (Table 1).
Irritability was the most common systemic reaction. High fever (>38.5°C) was rare in
both groups. No statistically significant differences occurred between the groups
regarding to any adverse event.
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TABLE 1. Adverse effects within 5 days after vaccination
with (F3 alum) or without aluminum hydroxide (F3)*
% of Individuals
Vaccine Ie F3 Alum
N 22 21
Redness >2.0 em 32 10
Swelling >2.0 cm 14 10
Induration >2.0 cm 14 5]
Pain
Mild 32 24
Moderate 9 14
Severe 5 24
Fever >38.5°C 9 19
Irritability 36 b7
Anorexin 14 ' 38
* No statistically significant. differences occurred hetween the groups regarding any|
adverse reaction,

Table 1. Adverse effects within 5 days after vaccination with (F3 alum) or without

aluminum hydroxide (F3)™ No statistically significant differences occurred between the
groups regarding any adverse reaction.

Prevaccination antibody concentrations to pneumococcal PSs were low and similar
in the F3 and F3 alum groups. All conjugates were immunogenic, and both vaccines
induced a statistically significant (P < 0.05) antibody increases to all vaccine-specific
serotypes (Table 2). Almost all children acquired antibody concentration higher than
0.15 pg/ml against all vaccine types. The proportion of individuals not gaining this level
was 13.6, 27.3 and 9.1% in the F3 group against types 6B, 14 and 23F, respectively, and
9.5, 9.5, 4.8 and 4.8% in the F3 alum group against types 6B, 14, 18C and 23F,
respectively. Adjusted geometric mean concentrations reached 1 pg/mi for all serotypes
with both formulations, except for types 6B (0.7 pg/ml with F3), 14 (0.5 pg/ml with F3
and 0.8 pg/ml with F3 alum) and 23F (0.8 pg/ml with F3). The comparison of adjusted
GMCs and the percentage of individuals with IgG antibody concentrations higher than 1
Hg/ml showed that PSs 6B, 14 and 23F were more immunogenic in the adjuvant-
containing F3 alum formulation than in the non-adjuvant-containing F3 formulation. The
opposite was true for PSs 9V and 18C. For the other serotypes geometric mean
concentrations were similar between the groups. Overall no significant differences
occurred between the vaccines regarding immunogenicity.
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TABLE 2. Adpusted GMC with 0hsg CT liefore and aller vaccination of TeQ antibedics 1o pneemococeal polysncehn qdus®
¥i F3 Al % of todividuatls with Jg(l Antshedies
(N = 280 (ALY >0 pghad sflor Lonniizalbon
Type Cavriee Diiys e " onio —
MG O OMC . i —l e
(gl ot Laght ot F3 20,0 gl F3 alien 1.0 pgiml
1 T ] $2 R13-024 L) 11, 36~1027
28 21 1A7-803 L2 11362 {W1 ” a8
A n 1] h2 fh13-0,4% [ 1 161083
28 4.4 LAI-8.7D 8.3 3.bi- 8.3 100 140
A 1] &2 0,11-0.24 LAY 0,30-0,28
8 k8] 4.-104 G4 oA LD m jib
5 [} LUK ] 22,044 0.8 [OFABNLE ]
28 24 1.8.4-3.21 EFG 1,58 -183 a1 81
il ] L L8] 0.10-0.48 0.1 0.10-0.28
£f L% @37-1.27 1.5 D, G0} 54 b1} &3
ki T i L] 4,15-01,44 e M 1d~thu2
2K 82 592410102 p LAy} 5.00.-14.09 100 i
w T 0 LL¥] 0.17-01.49 L%} 0, 18-
26 4.5 2.99-4.74 2.5 145 4,17 a5 M
14 n 0 T2 4,18-0,30 a3 1,20 0018
7 L3 ¥ LiX.} 0.44-5.381 Fid a8
18C [y} [ .1 4.1 0.0 0.2y
2K Dk 1.7 a2 M
181 T O L1203 LA
28 A 22 w ki
WP 1 1] &% Q.2
28 L] 10 32 L]
* Wa significning &fferunm orronred etwnon the groupa.
| 05% U, W confidenen moruat,

Table 2. Adjusted GMC with 95% Cl before and after vaccination of IgG antibodies to

pneumococcal polysaccharides™ No significant differences occurred between the
groups.95% Cl, 95% confidence interval.

DISCUSSION

The 11-valent pneumococcal conjugate that uses both diphtheria and tetanus
toxoids as carriers appeared safe and well-toterated in toddlers. Local reactions were
infrequent and small, with the exception of few larger local reactions in 3 individuals.
Previously the vaccine has been immunogenic and acceptable in reactogenicity in
healthy adults, although the formulation without adjuvant induced frequently tocat
reactions.3* The frequency of local adverse events was lower in toddlers than in adults,
and the frequency in infants appears even lower. 37 This might be explained by the fact
that adults have been primed for pneumococci via natural carriage of the bacteria in
the nasopharynx and for tetanus and diphtheria toxoids via vaccinations and therefore
have higher concentrations of preexisting antibodies. 38 Systemic reactions, of which
irritability was the most frequent in toddlers, appeared more commonly than local
reactions. The F3 alum formulation induced more irritability and anorexia than did F3.
Previously in infants Hib conjugate vaccine with aluminum adjuvant was better
tolerated than the nonadjuvant formulation, 39 and interestingly no systemic reactions
occurred. The distribution of all adverse events was similar to that reported in the
previous adutt study. in general the F3 formulation induced more tocal reactions, and
the F3 alum formulation induced more pain of severe modality and systemic reactions.
The lower rate of local reactions after F3 alum may have resulted from a slower release
of antigens or a blockage of epitopic sites of antigens by the adjuvant. On the other
hand aluminum hydroxide itself may be a systemic irritant because of its absorbable
properties. 40

Both conjugate formulations were immunogenic in toddlers and were able to induce
significant antibody increases to all vaccine-specific PS serotypes. Conjugates of types
6B, 14 and 23F were the weakest immunogens. Interestingly in adults type 6B and 14

conjugates were among the best immunogens in this vaccine.34 The poor
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immunogenicity of 68 and 23F in toddlers has previously been observed in many
studies as well and might be the result of inherent properties of individual PS. 7, 9, 10,
. 41 However, protective antibody concentrations to pneumococcal PSs are not known,
and they may differ between serotypes and for different types of disease_. Although IgG
concentrations to PS 6B are usually low in children, their functional capacity is high. 42

No significant differences in the immunogenicity of the PS-protein conjugates
appeared between the two formulations. However, types 68, 14 and 23F were more
immunogenic in the F3 alum vaccine than in the F3 vaccine. The opposite was true for
types 9V and 18C. For types 6B, 9V and 14 the pattern of immunogenicity in toddlers
was similar to that seen previously in adults. The adjuvant effect, although slight, for
types 6B, 14 and 23F might be caused by increased uptake of antigens by antigen-
presenting cells. Reasons for the tendency of types 9V and 18C to be less immunogenic
in the F3 alum than in the F3 vaccine are unknown,

. The increase of valency may decrease immunogenicity because of carrier-mediated
influence. 26-27 In this study such an effect was not observed; the antibody
concentrations are similar to those with a monovalent, 4-valent and 11-valent tetanus
and/or diphtheria conjugate vaccines in toddlers. 3, 10, 22 The study vaccine is
designed to circumvent carrier related problems by using 2 carriers with optimized
"concentrations. This approach seems to work for 11 serotypes, but additional
optimization might be needed if the valency is further increased.
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The plethora of newly discovered vaccines implics that, in the future, many vaccines will have to be
administered simultancously to infants. We examined the potential interference with the immune response of
several coadministered vaccines containing the same protein component, namely, tetanus toxoid (Y'T). Infants
simultancously receiving a tetravalent pneumococcal vaccine conjugated to TT (PneT) and a diphtheria-
tetanus-pertussis-poliovirus-Haemophilus influenzae type b-tetanus conjugate vaccine showed significantly
lower anti-H. influenzae type b polysaccharide (polyribosylribitol phosphate [PRP]) antibody concentrations
than those receiving cither a tetravalent pneumococcal vaccine conjugated to diphtheria toxoid or placebo. A
dose range study showed that anti-PRP antibody concentrations were inversely related to the TT content of the
PncT vaccines administered in infancy. Postimmunization antitetanus antibody concenfrations were also
affected adversely as the TT content of the coadministered vaccines was increased. This phenomenon, which we
helieve derives from interference by a common protein carrier, should he taken into account when the

introduction of an immunization program including multiple conjugate vaccines is considered.

Recently licensed vaccines include the Haemophilus influen-
zae type b (1ib) conjugate, varicella-zoster, acellular pertussis,
and hepatitis A vaccines. Many additional vaccines are being
tested in clinical studies. For practical reasons, if included in
childhood vaccination programs, they ought to be administered
simultaneously at separate sites or as combined vaccines (6).
Possible interactions between the vaccines thus become impor-
tant from both theoretical and practical points of view (7).

The first conjugate vaccines were those against Hib, in which
a polysaccharide or oligosaccharide derived from the Hib cap-
sule (polyribosylribitol phosphate [PRP]) was covalently con-
jugated to a protein carrier (24, 29). The same technology is
now used to widen the range of conjugate vaccines against
invasive organisms such as pneumococci and other encapsu-
lated organisms (28). Multiple vaccines based on the same
protein carrier and thus having common antigenic epitopes
might be available soon, and the possibility of their interactions
must be considered. The simultaneous administration of sev-
cral conjugate vaccines sharing the same protein carrier and
the carricr itself may be associated with the suppression of the
response to polysaccharides through various mechanisms. Ex-
amples of such theoretical mechanisms arc competition for
antigen capture and presentation between B cells with surface
immunoglobulins specific for epitopes on (he carrier and B
cells specific for the polysaccharide; prevention of the binding
of the conjugate vaccines to polysaccharide-specific B cells by
the free protein carrier; and suppression of the responsc to
polysaccharides by expansion of the number of carrier-specific
B cells induced by previous injection of the carrier, thus di-
recting the conjugate away from polysaccharide-specific B cells
an.

We recently studied the immunogenicity of two newly de-
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veloped tetravalent pneumococcal conjugate vaccines (2, 8, 9).
Both of these vaccines contained polysaccharide antigens of
four pneumococcal serotypes (6B, 14, 19F, and 23F) conju-
gated cither to tetanus toxoid (TT) (PncT vaccine) or (o diph-
theria toxoid (PneD vaccine). These pneumococcal vaccines
were administered simultancously with two other vaccines,
diphtheria-tetanus-pertussis (DTP) and 1ib polysaccharide-
TT conjugate (PRP-T). The purpose of this study was to ex-
amine if the simultancous administration of PncT adversely
affects the immunologic response to the two other vaccines
also containing TT, namely, DTP anct PRP-T.

MATERIALS AND METHODS

Study design. Two parallel studies on the safety and immunogenicity of new
tetravalent pneumacoceal conjugate vaceines were conducted, one in Iseacl and
one in Fintand. Both studies were double blinded, randomized, and controlled.
Each study was approved by the relevant cthics committees, and written in-
formed consent was obtained from the parents or legal puardians before enroll-
ment at both study sites.

Vaccines. (i) Pueumocaccal conjugate vaccines and placebo, PacT vaccine
(manufactured by Pasteur Mérieux Connaught, Lyon, France; lot $2840) was a
mixture of four purified capsular polysaccharides from Strepiococcus pnewmoniae
serotypes 6B, 14, 19F, and 23F conjugated to TT. The ratios of TT to polysac-
charide in the bulk (individual batches) were 1.6 for type 6B, 2.2 for type 14, 1.4
for type 19F, and 2.2 Tor type 23F. PneD vaccine (manufactured by Pasteur

‘Mérieux Connaught, Swiftwater, Pu.; fot 930095) was a mixture of the same four

pneumococcal polysaccharides conjugated to diphtheria toxoid. The respective
ratios of diphtherin toxoid to polysaccharide were 2.0, 2.7, 3.1, and 2.8, The
placebo used in the study consisted of phoasphate-bufiered saline.

All of these vaccines were contained in single-dose, ready-to-use glass syringes
indistinguishable in appearance. The vaccines were administered as a 0.5-mi
intramuscular injection into the upper part of the anterolateral thigh.

(ii) Other vaccines, In lsracl, the DTP, PRP-T, and trivalent inactivated
poliovirus (IPV) vaccines were administered as a single dose alter lyophilized
PRP-T was reconstituled with 0.5 m) of liquid DTP-IPV to form a pentavalent
DTP-IPV-PRP-T vaccine (Pasteur Mérieux Connaught, Lyon, France). This
mixture contained 10 floccutation units (1£) (approximately 30 pg) of 11, 25 Lf
of diphtheria toxoid, and 10 g of PRP conjugated to 24 pg of TT.

In Finland, DTP was produced locally (National Public Health Institute, Hel-
sinki, Finland). The vaccine containeet 5 L{ (approximately 15 jg) of purificd ‘I'T
and 19 LE of purified diphtheria oxoid. PRPT (ActHIB; Pasteur Méricux
Connaught, Lyon, France) was reconstituted with 0.5 ml of tiquid IXYP 1o form
DTP-PRP-T.
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TABLE 1. Study designs in Tsracl (75 infants) and Finland (200 infants)

Regimen at mo:

Country and parameter

2 4 6 1 12 13
Israel
Study vaccines + ey 40 "
Other simultancously administerced DTP=IPV=-PRP-T  DTP=IPV-PRP-T, QPV IYTP=IPV=LRP-T, OPV DTP-1PV-PRP-T, OPV
viccines
Blood samples + + 4+ 4 +
Finland
Study vaccines +-¢ 40 4
Other simultancously administered  DTP-PRP-T DTP-PRP-T DTP=PRP-T
vaccines \ .
Blood samples + + + "

el (n = 25), Pach (n = 25), or placebo (1 = 25). PncT and Pneld were given at a dose of 3 ug of polysaccharide per conjugate,
L I & Ol poty

 23-valent pneumococcal nonconjugate vaccine.

€ PncT (n = 75), PneD (1 = 75), or placebo (1 = 50). For PncT and PacD, each group of 75 was further divided into three groups receiving 1 jug of each component
(PncTy;s n = 25), 3 g of each component (Pnctyg; #1 = 25), or 10 pg of cach component (PacTy,; n = 25).

Trivalent oral live poliovirus (OPV) vaccine (Pasteur Méricux Connaught,
Lyon, France) was administered in lIsracl at 4, 6, and 12 months of age.

In addition, Isracli children received an intramuscular dose of a 23-valent
pneumococcal nonconjugate vaccine (Pncumo-23; Pasteur Mérieux Connaught,
Lyon, France) as a booster vaccination at 12 months of age.

Vaccination and sampling schedule. Infants were enrolled in the study o the
age of 2 months (range, 6 to 10 weeks). They were examined by a physician at
enrollment and by a physician or a public health nurse before each immuniza-
tion,

In lIsracl, healthy infants were reeruited from six Mother and Child Health
Centers located in the cities of Beer-Sheva and Arad, in southern Isracl. The
total number of recruited infants was 75 (25 in the PncT group, 25 in the PacD
group, and 25 in the placebo group). PneT (3 pg of polysaccharide for each
serotype [PncTy;]), Pned (3 pg of polysaccharide for each serotype), or placebo
was administered at 2, 4, and 6 months of age (Table 1), At each visit, all infants
reeeived a combined DTP-1PV-PRP-T injection at the contralateral site, To
comply with national vaccination program requirements, OPV vaccine also was
administered at 4 and 6 months. At 12 months of age, ali childeen received an
injection of pncumococeal polysaccharide viceine simultaneously with the fourth
dose of DTP-1PV-PRP-T and a third dose of OPV vaccine.

In the Finnish study, children were recruited from Child Health Centers in the
towns of Joensuu, Keriva, and Tampere. They were divided into three groups: 75
received PacT vaccine (25 received 1 g of polysaccharide of each serotype per
vaccine dose |PncTy, ], 25 received Pnely,, and 25 received a 10-p dose of each
polysacchuride {PncTy,]), 75 received Paeld vaccine (25 cach received 1, 3, or 10
ig of polysuccharide of each serotype), and 50 received placebo (since both
PneD and placebo did not contain TT protein, they were hoth considered PncT,,
implying thal no T content except that in TP was present). These vaceines
were administered at 2, 4, and 6 months of age. At cach visit, all infants received
a combined DTP-PRP-T injection at the contralateral site (Table 1). In Finland,
no PRP-T was given simultaneously with the hooster dose of pneumococcal
vaccine; thercfore, the follow-up period for the present analysis ended by the age
of 7 months.

The total TT content administered at each visit 1o infants in the various
regimens in Finland and Israel is presented in Table 2. -

Venous blood was obtained from all children at 2, 4, 6, and 7 months; addi-
tional samples in Isracl were taken at 12 and 13 months. Sera were stored at
=20°C until analyzed.

Serologic assays. Type-specific pneumococcal polysaccharide immunoglobulin
G was assessed for each of the four serotypes in the conjugate vaccines. Detailed
data are presented clsewhere (1, 8 9). The anti-PRP antibady concentration was
measured by a radioimmunoassay (25) in two different laboratories. The sera of
the Isracli infants were tested at Pasteur Mérieux Connaught in France, and the
sera of the Finnish infants were tested at Pasteur Méricux Connaught in the
United States,

Methods to measure TT and diphtheria toxoid antibody concentrations dif-
fered in the two studics. In Isracl, tetanus antibody concentration was measured
by a solid-phase enzyme-linked immunosorbent assay (IZ1A) with 0.11 1f of
purified TT per ml and compared to the international standard for tetanus
immunoglobuling (TE.3; Statens Seruminstitut), The lower limit of quantifica-
tion was 0.006 1U/ml. Diphtheria antibody concentration was measured by a
solid-phase E1A with 0.13 Lf of purified diphtheria toxoid per well and compared
to the equine international standard for diphtheria antitoxin (Stitens Seruminsti-
tut).

tn Fintand, a madified version of an indirect alkaline phosphatase FIA was
used to assay the tetanus and diphtheria antitoxin immunoglobulin G concen-

trations (21). Duplicates of four serum dilutions, starting with the 1:100 dilution
and progressing by dilution factors of five, were incubated in EIA plate wells
coated with T (0.5 Li/ml) or diphtheria toxoid (2.5 Liml) from the Vaccine
Department al the National Public Health Institute. The A 44 was measured with
a Multiscan MS EIA reader (Labsystems, Helsinki, Finland), and the antibody
concentrations were calenlated with o reference line method (Unitcale; Unisys,
Stockholm, Sweden). An immunoglobutin was used as an in-house standard and
was calibrated against the World Health Organization international standards
for tetanus and diphtheria antitoxins, Tetanus and diphtheria antitoxin concen-
trations were thus expressed in international units per miltiliter, The quantifica-
tion limit was 0.03 1U/m] for both types of antibodies.

The assays were done in a randomized manncr, and the laboratory technicians
were blinded 1o the group to which the subject belonged.

Statistical analysis. In Israel, the anti-PRP response was analyzed 1 month
after the third dose by use of analysis of varinnce (ANOVA) after logarithmic
transformation for comparison of (he three groups, and Dunnctt’s £ test was used
for the comparisons of PacT versus placebo and PncD versus placebo (11). In the
Finnish study, the response was analyzed by use of ANOVA for the seven groups.
Duncun’s multiple-range procedure was used (o classify the seven groups, in
particular, PncT, Pneld at 3 pg, and placebo (10).

P values of 0.05 were considered significant. Correlations between antibody
response o PRP and “I'T" or diphtheria toxoid were caleulated with the Penrson
coefficient.

RESULTS

Of the 75 infants recrnited in Israel, 39 (52%) were males.
The mean age at enrollment was 2.1 months; the mean ages at
second and third injections were 4.0 and 6.1 months, respec-

TABLE 2. TT content administered at 2, 4, 6, and 12 months in
Isracl and 2, 4, and 6 months in Finland”

TT content (ug) of
vaccines administered at

Regimen cach encounter nt mo:
2,4, a6 12
Israel
PncTy, (placebo and Pach groups) 54 54
PncT,, 78 54
Finland
PncT,, (ptacebo and PncD groups) 39 NR
PncT,,, 48 NR
PincTyy 63 NR
PncTy, 111 NR

¢ The "Il contents in individual vaccines were as follows: 1DTP in Israel, 30 pg;
DTP in Finland, 15 pg; PRP-T, 24 pp; PacTy;, 9 jug; PucTaa, 24 ug; and PncTyp,
72 pg. NR, not relevant.
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TABLL 3. Anti-PRP and antitetanus antibody responses of infants recciving PncT, PneD, or placcho at 2, 4, and 6 months of age”

Anti-PRP antiboclies

Antitetanus antibodics

C()llllll'y and mo

(time related to GMC (pg/ml) %o with concn 2 1.0 pg/ml GMC (mlU/ml) P wilh conen 2 1.0 pg/ml
fose
dose) PncT PoeD Placebo PacT PncD Placebo PncT Pueh Placebo MncT Pncld Placebo
Isracl
2 (pre) (.17 0.36 0.20 13 28 8 0.08 (.12 0.21 0 13 4
4 (post 1) (.18 0.23 0.30 8 14 26 0.06 0.07 0.09 S 0 0
6 (post 2) 0.86" 1,19 2.95" 44 64 74 (.26 (0.24 0.25 16 10 13
7 (post 3) 2.81¢ 4.62° 6.62¢ 83 91 96 1.85 2.08 1.75 61 74 71
Finland
2 (pre) .07 0.08 0.12 0 4 4 (.65 (L.60 0.54 33 28 22
4 (post 1) (009 0.09 0.11 0 4 6 0.31 029 0.26 8 8 1
6 (post 2) 0.93 1.64 1.51 56 68 67 .60 0.67 0.50 32 28 22
7 (post 3) 7.18 12.50 11.0 92 100 96 3.49 3.99 427 96 96 96
Booster (Tsracl)
12 (prebooster) 0.55¢ 1.44¢ 1.37 24 64 71 0.36 (0.42 0.24 12 9.5 (
13 (posthooster) 10.95¢ 20.13¢ 20.84¢ 96 100 100 4.37 6.94 495 100 100 96

“ Each group contained 25 subjects, except for the Finnish placebo group, which contained 50 subjects.

b p = (,008S among the three groups.
P = 0,0218 among the three groups.
4P = 0.0052 among the three groups.
P = 0.076 among the three groups.

tively. Seventy-four of the 75 enrolled subjects (99%) com-
pleted the follow-up at 1 month after the third dose; 70 (93%)
received the vaccination at 12 months of age and completed
the follow-up at 13 months of age according to the protocol.

Two hundred infants were recruited in Finland; 102 (51%)
of them were males. The mean age at enroliment was 2.5
months; the mean ages at second and third injections were 4.3
and 6.1 months, respectively. Ninety-nine percent (197 of 200)
of the enrolled subjects completed the follow-up at 1 month
after the third dose.

Effect of PncT on anti-PRP antibody responses. The anti-
PRP antibady response was significantly impaired when PRP-T
was administered simultaneously with DTP and the tetravalent
PncT (Table 3). In Isracl, the geometric mean concentrations
(GMC) of anti-PRP antibodies in the PncT group were 0.86
pg/ml after the second dose and 2.81 pg/ml after the third
dose, versus 1.19 and 4.62 pg/ml in the PncD group and 2.95
and 6.62 pg/ml in the placebo group, respectively (ANOVA for
the threc groups: > = 0.0085 after the second dose and P =
0.0218 after the third dose). Dunnetls ¢ test revealed signifi-
cant differences between PncT and placebo but not between
PncD and placebo or between PneD and PncT.

The same trend was observed in Finland with the 3-pg dose,
After the second and third doses, the GMC of anti-PRP anti-
bodies were 0.93 and 7.18 pg/ml, respectively, in the PncT
group, versus 1.64 and 12.50 jg/mi in the PneD group and 1.51
and 11.0 pug/ml, respectively, in the placebo group (nonethe-
less, the differences between the groups did not reach statisti-
cal significance).

When the proportions of infants with anti-PRP antibody
levels of =1.0 pg/ml were compared, the same tendency to-
ward a lower proportion in the PncT group (83% in Israel and
92% in Finland after the third dose) than in the PacD group
(91 and 100%, respectively) or the placebo group (96% in both
sites) was found.

In Israel, infants were vaccinated with DTP-IPV-PRP-T
and pneumococceal polysaccharide vaccine at 12 months of age,
Before this booster vaccination, both the GMC and the pro-
portion of children having antibody levels of =1.0 ng/ml were

significantly lower in the PncT group than in the PncD or
placebo group (Table 3). One month after the booster, al-
though all children, but one had anti-PRP antibody concentra-
tions of =1.0 ug/ml, the GMC in the PacT group was still anly
about half (10.95 pug/ml) that in the PneD (20.13 pg/ml) or
placebo (20.84 pg/ml) group (ANOVA for the three groups:
P = 0.076).

Dose effect of pnenmococeal conjugate vaccines on anti-PRP
antibody responses. To cxamine whether the dosage of PncT
could influence the responses to PRP and TT, we compared
the antibody responses of four groups in Finland: PncT,, (pla-
cebo), PncTy, (1 pg of polysaccharide of each of the four
serotypes included in the tetravalent vaccine), PncToz (3 ug of
polysaccharide of each serotype), and PacTy, (10 pg of poly-
saccharide of each scrotype). Thus, the tolal TT protein loads
for the vaccines administered at 2, 4, and 6 months (simulta-
neously with DPT-PRP-T) were 39, 48, 63, and 111 pg for
PncT,, (placebo), PncT,,, PncTy, and PncT,, respectively
(Table 2).

The concentrations of the anti-PRP antibodies elicited by
these vaccines gradually decreased with increasing TT load
(Fig. 1). Aftcr the third dose, the GMC of anti-PRP antibodics
were 11.0, 10.1, 7.2, and 4.1 pg/ml for PncT,, PncTy,,, PncT,,
and PncT,, respectively (ANOVA for the four groups: P =
0.0121). The same trend was seen even afler the second dose
(GMC of 1.5, 1.2, 0.9, and 0.6 pg/ml for PncT,, PncTy,,
PneTy,, and PncTy,, respectively; data not shown). In contrast,
anti-PRP antibody concentrations did not decrease signifi-
cantly with incrcasing PncDD concentration. After the third
dose, the GMC of anti-PRP antibodics were 11.0, 11.5, 12.5,
and 7.8 pg/ml for PacDy, PncDy,,, PncDy,, and PncD,,, respec-
tively.

Similarly, a trend toward reduced proportions of infants with
anti-PRP antibody levels of 1.0 pg/ml was seen with increas-
ing PncT concentration (96, 96, 92, and 80% for PncT,,
PncTy,, PncTys, and PncT,, respectively). Such a trend was
not scen with PncD (with which the respective proportions
were 96, 92, 100, and 92%).
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P =0.0121—
—

1l

Anti PRP (ug/ml)

Effcct of PncT on antitetanus antibody responscs. Although
there were no significant differences in antitetanus antibody
concentrations among the three study groups with regard to
primary responsc or response to booster in either country
when the 3-pg dose was used (Table 3), a significant trend
toward a decrcasc was found with increasing doses of PncT in
Finland (GMC of 4.3, 4.2, 3.5, and 2.8 U for PncT,, PncTy,,
PncT,s, and PncT,, respectively; P = 0.045, as determined by
ANOVA for the four groups) (Fig. 1).

Since an interference effect of PncT was found for anti-PRP
antibodics in infants immunized with PRP-T and DTP and a
similar trend was found for antitetanus antibodies, we exam-
ined whether a correlation between anti-PRP and antitetanus
antibody responses was present in the 200 Finnish vaccine
recipients. A correlation was indeed found between anti-PRP
and antitctanus antibody concentrations in cach conjugatc
group (Table 4). In other words, the subjects who had low
anti-PRP antibody concentrations tended to be the same ones
who also had low antitetanus antibody concentrations. This
linkage was not found with the anti-PRP antibody response
and the anti-diphtheria toxoid antibody response.

DISCUSSION

New vaccines against encapsulated bacteria are based on the
chemical coupling of capsular oligo- or polysaccharides to car-

TABLE 4. Correlation between antibody responses to PRP and TT
or diphtheria toxoid among Finnish infants receiving
PicT, PncD, or placecho

PncT group  PucD group  Placebo group

Correlation of: (n =15) (n =75) (n = 50)

r P r P r P

Anti-PRP and antitctanus
antibodics )

Anti-PRP and anti-diphtheria —0.015 0.897 0231 0.046 0.137 0.347
toxoid antibodics

0.395 0.0005 0.638 =0.0001 0.608 =0.0001

InricT, IMMUN.

- P =0.0451

h

u

Anti tetanus (IU/ml)

FIG. 1. Anti-PRP, antitetanus, and anti-diphtheria toxoid antibodics after the third injection of one of the various doses of PncT: placebo (PncT,,) (M); tetravalent
PncT vaccine, | pg of each polysaccharide (PncTy,) (7); tetravalent PacT vaccine, 3 pg of each polysaccharide (PreTyy) (8); and tetravalent P vaccine, 10 jug of
each polysaccharide (PncTy,) (£3). NS, not significant,

Anti diphtheria (IU/ml)

rier proteins, For practical reasons, the future of vaccination
schedules will require the simultancous administration of these
various conjugatcs. So far, only a fcw protein carricrs have
been uscd for the preparation of these vaccines. Thercfore, the
addition to the routinely used Hib vaccine of conjugate vac-
cines against pathogens such as Neisseria meningitidis and S.
pneumoniae could require the simultaneous administration of
several polysaccharides conjugated to the same protein carrier,
It is thus of primary importance to analyze possible interfer-
ence between conjugates that share the same carrier moiety. In
the present study, such an issue was addressed for infants who
received either the DTP or the PRP-T vaccine alone or to-
gether with a vaccine containing pneumococcal polysaccharide
antigens conjugiated 10 TT or diphtheria toxoid. Our results
clearly showed that the anti-PRP antibody response decreased
significantly when the PRP-T conjugate was administered to-
gether with DTP and the tetravalent PncT conjugates. This
decrease was dose dependent and also affected the antitctanus
antibody responsc. Notably, this suppression was carricr spe-
cific, since it was morc accentuated with increasing load of TT
and was not observed after simultancous administration of
PRP-T with pneumocaccal polysaccharide conjugated to diph-
theria toxoid. This last finding cxcludes the possibility that the
suppression was due (o some immunosuppressive properties of
the pneumacoccal polysaccharides.

Additional support for the suggestion that TT overload in-
terferes with the anti-PRP antibody response can be derived
from the finding that when PncT; (tetravalent PncT vaccine
with 3 g of polysaccharide of each serotype) was administered
to Israeli and Finnish infants, the interference with the anti-
PRP antibody response was more accentuated in the Israeli
group (Israeli DTP contains twice the concentration of TT as
Finnish DTP).

Several mechanisms can be proposed. First, the decrease in
the anti-PRP antibody response seems (o be related to the load
of TT injected as frce or conjugate proteins: the largest de-
crcase in the anti-PRP antibody response was observed with
the highest dosc of PncT conjugates. The foad of TT injected
scems to affect the antitetanus antibody response as well, since
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a correlation between anti-PRP antibody and antiletanus an-
tibody concentrations was found (in other words, vaccinees
who tended to have lower anti-PRP antibody levels also had
lower antitetanus antibody levels).

Sccond, previous studics indicated that the development of
an immune response against the carrier can interfere with the
response 1o saccharide-protein vaccines (3-5, 13, 23). Preim-
munization with the protein carrier can reduce antibody re-
sponses both {o the carrier and to Hib polysaccharide epitopes
(5). Such a phenomenon may be related to the epitopic sup-
pression initially described with 2,4,6-trinitrobenzenesulfonic
acid hapten (TNP) or 2,4,6-dinitrophenyl hapten (DNP) (185,
16) or peptide epitopes (26). This suppression is mediated by
the clonal dominance of B cells specific for carrier epitopes
(20, 27). Although these conclusions were obtained with car-
ricr-primed animals, we can now propose that similar mecha-
nisms conirol the responses to simultaneously administered
conjugates.

Whereas optimal doses of TT will rapidly stimulate the ac-
tivation and proliferation of carricr-specific B-cell clones that
will then efficiently take up the conjugate and present it to T
cells, polysaccharide-specific B-cell clones are certainly much
less frequent and will never rcach the same frequency as car-
rier-specific B-cell clones. Thus, the extent of the decrease in
the responsc against the polysaccharide will be proportional to
the intensity of the immune response to the carrier (i.e., de-
pendent upon its immunogenicity and on the dose) and will be
morc pronounced with saccharide epitopes for which a low
frequency of B-cell precursors exists. This reasoning could
explain the results of a recent study where an overload of
homologous protein carrier at the site of injection reduced the
immunogenicity in mice of two experimental conjugates (12).
Indeced, a 12-valent conjugate Escherichia coli vaccine and an
8-valent Staphylococcus aureus vaccine consisting of polysac-
charide conjugated to protein induced significantly lower an-
tibody concentrations than each monovalent conjugate admin-
istered separalely. A similar reduction in immunogenicity was
sccn when free protein carrier was injected together with the
conjugate vaccine.

FFurther support for the theory of carrier suppression can be
found in a recently presented work by Greenberg et al. (14).
The authors coadministered to infants a heptavalent pneumo-
coccal conjugate vaccine (which was conjugated to an outer
membrane protein of N. meningitidis group B [OMPC]) with
cither PRP conjugated to OMPC (PRP-OMPC) or PRP con-
jugated to a mutant diphtheria toxin polypeptide (PRP-CRM)
at 2, 4, and 6 months. After the primary immunization series
(at 7 months), anti-pncumococcal polysaccharide antibody
concentrations to some serotypes were significantly lower in
infants receiving PRP-OMPC (sharing the same carrier as the
heptavalent pneumococcal vaccine) than in (hose receiving
PRP-CRM.

We cannol rulc out the possibility that the mechanism of
epitopic suppression based on the dominance of carrier-spe-
cific B cells played at least in part a role in the currently
described phenomenon. We belicve, however, that its role, if
any, is only minor, based on the finding that the decrease in the
anti-PRP antibody response was linked to the decrease in the
antitetanus antibody response.

Third, an elevated concentration of antibodies to the protein
carricr could also interfere with conjugate immunogenicity
through antigen capture or modulation of antigen presenta-
tion. Barington ct al. (3) showed that maternal antibodies to
TT inhibited the response of human infants to the polysaccha-
ride moicty of Hib conjugate vaccine. However, such an eflect
was not sccn by others (19).

INTERFERENCE INDUCED BY TETANUS CARRIER 2097

Fourth, the finding that the injection of high doses of PncT
affected both anti-carricr and anti-PRP antibody responses
may reflect inadequate T-helper-cell activity. Several recent
studics have indicated that the attachment of oligosaccharides
to peptides profoundly aftects binding to major histocompati-
bility complex class 11 molecules and peptide immunogenicity
(22). Morcover, it has been shown that T cells specifically
recognize synthetic glycopeptides (18). 1t could therefore be
suggested that TT modified by conjugation to Pnc stimulates a
T-cell repertoire that does not cross-react with TT-specific T
cells. Since both PncT and PRP-T conjugates would be pro-
cessed and presented by TT-specific BB cells, the processing of
these two antigens could lcad to different glycopeptides that
may compete for major histocompatibility complex class 11
binding.

Although the present study indicates thal the simultaneous
administration of PncT and PRP-T conjugatcs may dccercase
the anti-PRP antibody response, the levels of anti-PRP anti-
bodies induced by such combined vaccines still exceeded the
concentrations nceded for protection against invasive Hib dis-
ease. In addition, clear evidence for the induction of memory
toward the polysaccharide antigens was obtained. While the
present study analyzed the interference between PRP-T and a
tetravalent pneumococcal conjugate vaccine, the licensed
pneumaococcal vaccine will most probably contain more than
seven pneumococcal serotypes. This increase in the amount of
TT used for immunization could potentially reduce the anti-
PRP or even the antitetanus antibody response to an unac-
ceptable level. Thus, although the safety and immunogenicity
of TT make it suitable as a protein carricr for human vaccines,
increasing its quantily in multicomponent vaccines might aflect
the efliciency of such vaccines. Restriction of the content of the
protein carrier in conjugate vaccines is desirable, as is the
development of other protein or nonprolein carriers for sac-
charide conjugate vaccines.
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Abstract

The carriers tetanus toxoid (T) and diphtheria CRM-197 (C) were compared in conjugate vaccines using identical coupling chemistry
and polysaccharide (PS) loading, for safety and immunogenicity in 2-year-old children. Also tested were a mixture of halved doses of both
carriers bearing the same PS serotypes. For this study, PS types 6A, 14, 19F, and 23F (separately) were coupled to T or C by reductive
amination at PS/protein ratios of 0.50 4:0.18. With each carrier the four PS types were combined, giving the tetravalent vaccines “T-6, -14,
-19, -23” or “C-6, -14, -19, -23” containing 50 g of the carrier and roughly 20 g total PS per ml of saline (no adjuvant). The children
received primary (1) injections of 50 wg (protein) of either vaccine or a mixture of 25 g of both; identical secondary (2') injections
were given 2 months afterwards. Sera were taken before the 1” and 2’ and 1 month post-2’, and serum 1gG responses to the four PS were
determined by ELISA.

For geometric mean (GM) post-1" antibody, “C-6, -14, -19, -23” exceeded “T-6, -14, -19, -23” for type 19F; for 2’ antibody, “T-6, -14,
-19,-23” exceeded “C-6, -14, -19, -23” for type 14, but “C-6, -14, -19, -23” and the T/C mixture exceeded “T-6, -14, -19, -23” for the type
23T response. No other differences were significant. Analyzed by individual fold-rises, “C-6, -14, -19, -23" and the T/C mixture excceded
“T-6,-14, -19, -23” for types 19F and 23F. Thus, there was no consistent difference between the T and C carriers; rather, the results differed
by scrotype. )

When a mixture of halved doses of “T-6, -14, -19, -23” and “C-6, -14, -19, -23” was Injected, neither negative nor positive interference
with the PS antibody responses was found. Anticipating multivalent PS conjugate vaccines of the future to be used in infancy, this strategy
would have (wo hypothetical advantages worth further investigation—avoiding “carrier epitopic overload” by reducing each carrier dosage

and recruiting T-helper activity by both carriers for each PS.
© 2002 Elsevier Science Ltd. All rights reserved.

Keywords: Pncumococcal conjugate vaccines; Protein carriers; Vaccine interference; Carrier epitopic overload

1. Introduction

Antibody (Ab) to the capsular polysaccharide (PS) is
protective against some invasive bacterial species, but PS
vaccines generally fail to immunize the youngest and most
susceptible subjects. Protein-PS conjugate vaccines were
licensed in the earty 1990s for prevention of infections in
infancy by Haemophilus influenzae type b (Hib). Several
constructs differing in carrier proteins, sizes and ratios of PS
component, and coupling chemistries were used, on a some-
what arbitrary basis, but there was little systematic study
of the effect of these variables on human immunogenicity

* Corresponding author. Tel.: +1-716-275-1534; fax: 4-1-716-273-1289.
E-mail address: michacl_pichichero@urmc.rochester.edu
(M. Pichichero).

[1]. The commonly-used carrier proteins, tetanus toxoid (T)
and the diphtheria toxin mutant protein CRM-197 (C), were
never compared using identical [1ib PS coupling. It seemed
opportune to make such a comparison with pneumococcal
PS, since at the time of this study no conjugate vaccine had
yet been licensed.

A heptavalent C-based pneumococcal conjugate was ap-
proved in February 2000. This construct showed no appar-
ent negative interference among the seven PSs presented on
the carrier. However, additional PS serotypes are likely to
be used in future pneumococcal conjugates [2], and these
might be combined with Hib and/or meningococcal conju-
gate vaccines; thus interference must be watched for as the
number of components is increased. One possibility already
observed is that if the same carrier is used for too many/much
PS haptens, there may be interference by carrier “epitopic

0264-410X/02/$ — sce front matter © 2002 Llsevier Science Lid. All rights reserved.
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overload” [3-5]. One proposed solution is the simultaneous
use of two or more carriers, with some PS serotypes on one
and some on another {5,6]. In the present study, along with
our comparison of T- and C-based conjugates, we have ex-
plored the alternative of mixing halved doses of the same
PSs on both carriers, which likewise halves the individual
carrier dosage for any given total PS dosage. (This approach
was also described in a recent abstract; [7]). The strategy
has an additional hypothetical advantage: if carrier-specific
T-cell help is the limiting factor for the response to a par-
ticular PS epitope, then presentation of the epitope on more
than one carrier might increase the available T-helper ac-
tivity. Thus, there are two mechanisms that might produce
positive interference, i.e. PS Ab responses greater than from
the same PS on a single carrier. However, by mechanisms
unknown, there might instead be negative interference, a
possibility that should be explored before testing in infancy.

For the present stundy, PS serotypes 6A, 14, 19F, and 23F
were coupled (separately) to T and to C carriers by perio-
date activation and reductive amination, at PS/protein mass
ratios of 0.5 4= 0.18. Within each carrier the four serotypes
were combined, giving the tetravalent vaccines “T-6, -14,
-19, -23” and “C-6, -14, -19, -23”. After preliminary test-
ing in mice and adult humans, the vaccines were tested for
safety and immunogenicity in 2-year-old children—given
separately for comparison or given as a mixture of halved
doses, mainly to test for negative interference. To examine
where on the dose—response curve the experiment was being
conducted, a four-fold range in dosage was examined with
a trivalent vaccine made with the C carrier “C-6, -14, -19”.

2. Materials and methods

Tetanus toxoid, lot LP501P, from the Massachusetts Pub-
lic Health Department was further purified by ion exchange
chromatography on DEAE Trisacryl (ILKB, Inc.) as de-
scribed {8]; it eluted on Sepharose CL-4B (Pharmacia, Inc.)
in a peak with Ky 0.63. CRM-197, a gift of Lederle-Praxis
Biologicals, was prepared as described [9]; its peak K4 on
Sepharose CL-4B was 0.75.

Pneumococcal PSs for the vaccine preparations were pro-
duced by Eli Lilly & Co. Typing was confirmed by Ouchter-
lony ge! diffusion. The PSs were assayed for hexose content
by the anthrone reaction [10] standardized by mixtures of
p-hexoses corresponding to the known structures of the PSs
{11]. For each PS the amount of NalOy4 required to generate
a specified proportion of reducing groups was empirically
determined under the conditions described below.

For preparation of vaccines, sterile pyrogen-free water -

was used for all procedures. To generate reducing groups
the PSs were dissolved in water at 10 mg/ml, and NalQ4
as specified (Table 1) was added in a negligible volume of
water. The reaction mixtures were held at 37°C in the dark
for 100 min then dialyzed for 2 days at 4°C versus 15 mM
NaCl. Recovery of PS was determined by hexose assay and

Table |
Pneumococcal polysaccharides (PS) activated by periodate oxidation:
molecular size before and afler coupling to protein carviers

Serotype  NalO4 used  Reducing activity Ky on Sepharose CL-413
per mg of  per pumol of
PS (umol)  hexosc (jumol) PS  Coupled PS

6A 0.19 0.036 025 0.10
14 0.48 0.072 0.50 0.20
19F 0.37 0.030 075 0.28
23F 0.20 0.034 0.50 0.20

the generation of aldehyde groups was determined by the in-
crease in reducing activity as assayed by the Park—Johnson
method [10] standardized by p-glucose. The molecular size
profiles of small samples of the oxidized PSs were deter-
mined on Sepharose CL-4B.

For coupling, the proteins and the oxidized PS solutions
were adjusted to pll 8.0 with Ky11PO4, mixed at concen-
trations of 1 mg/ml each and incubated 18 h at 25°C; 1/200
volume of sodium cyanoborohydride dissolved in water at
8 mmol/ml was then added, and the reaction mixtures were
incubated 48h at 37°C. To “cap” any unreacted aldehyde
groups, sodium ‘borohydride was added at 2 pmol/ml, and
the incubation at 37 °C was continued 1 h. To separate conju-
gates from uncoupled protein and PS and from borohydride,
the solutions were applied to Sepharose CL-4B columns and
eluted with 0.15 M NaCl; fractions were assayed for hexose
and protein, the latter by the Lowry method [10] standard-
ized with bovine albumin. Early-eluting fractions (Table 1)
containing hexose and protein were pooled, diluted with
0.15M NaCl to a concentration of 125 g protein/ml and
drawn through 0.2-pm sterilizing filters (GV type, Millipore
Corp.) into sterile evacuated containers. Samples of the in-
dividual conjugates were combined and diluted with 0.15M
NaCl as necessary to give tetravalent or trivalent solutions
(Table 2). Filter-sterilized U.S.P. thimerosal was added at
0.1 mg/ml, and aliquots were dispensed into type 1 borosil-
icate glass injection vials, which were stored upright at
—80°C. Tests for sterility, safety and identity were as spec-
ified by the US Food and Drug Administration (FDA) [12];
identity tests were by ELISA-inhibition, showing that the
specified tetanus, diphtheria, and pneumococcal antigenici-
ties were present.

Pneumococcal PS types 14, 19F, and 23T for ELISA were
obtained from the American Type Culture Collection; Eli
Lilly and Co. PS was used for the type 6A. ELISA for hu-
man serum IgG Ab to the P'S was as described [13]. ELISA

Table 2
Composition (ug/mt) of the three multivalent conjugate vaccines

Vaccine Total Total
protein  hexose

lexose of specific serotype

6A 14 19F  23r

T-6, -14, -19, 23 503  24.1 68 69 53 5.1
C-6, -14,-19,-23 528 224 67 52 50 55
C-6, -14, -19 101 41.0 158 12,7 12,5 Nonc

U\
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for mouse serum Ab was done by the same method except
for the use of an anti-murine Ig conjugate as the secondary
reagent. Murine immunogenicity was tested in weanling fe-
male Swiss—Webster (outbred) animals given primary (1)

i.p. injections of saline—0.01% thimerosal diluent, 1 jug of .

the four unconjugated Eli Lilly and Co. PSs, or tetravalent
conjugates at a dose supplying about 1 pg each of the four
coupled PSs. ldentical secondary (2') injections were given
after 4 weeks, and sera were taken for Ab assay after 6
weeks. Types 6A, 19F, and 23F PSs gave titers no higher
than diluent alone, while type 14 PS gave a modest rise; in
contrast, both tetravalent conjugates gave titers substantially
above the diluent and PS controls for all four serotypes.

Safety and immunogenicity was tested in healthy,
university-affiliated adult volunteers who had had no previ-
ous pneumococcal vaccine, no tetanus nor diphtheria vac-
cines within 5 years, nor history of severe allergic reactions
to injected biologicals. After written informed consent in
accord with the Research Subjects Review Board (RSRB),
groups of six volunteers received single intramuscular in-
jections of “T-6, -14, -19, -23”; “C-6, -14, -19, -23”; or
“C-6, -14, -19”; the doses were 50 g protein and about
20 g total PS (cf. Table 2). They were instructed to record
temperatures and any adverse signs or symptoms within 3
days of injection. Sera for Ab assay were taken before and
4 weeks after injection. Mild or moderate local inflamma-
tion was reported by about half the subjects and were the
expected reactions from an injection of protein toxoids in
adults [14]. PS Ab to all four serotypes was measurable in
all subjects before immunization, and there were rises to
all the serotypes contained in the vaccines. Details of the
signs and symptoms and Ab responses were reported to the
RSRB and FDA along with the plan described below to test
the vaccines in chifdren.

Ilealthy 2-year-old children were recruited from a private
pediatric practice (Elmwood Pediatric Group, Rochester,
NY). A parent gave written informed consent in accord with
the RSRB. The children had received all scheduled routine
immunizations with no severe reactions but had had no ex-
perimental vaccines nor pneumococcal vaccine. They were
assigned in order of enrollment to one of five experimental
groups to receive injections as follows: (a) “T-6, -14, -19,
-23”; 50 pg total protein in 1 ml, (b) “C-6, -14, -19, -23”;
50 pug in 1ml, or (c) a mixture of the T and C conjugates,
25 ng each in 1 ml total. (These groups thus compared the
two carriers at a single moderate dosage with a mixture of
half doses of both). Group d received 25 pg of “C-6, -14,
-19”in 0.25 m! and Group e received 100 g in 1 ml, (Limi-
tation of materials unfortunately restricted this dosage titra-
tion to three serotypes with the C carrier). Injections were
given intramuscularly in the thigh. The 1’ vaccination was
done at age 24 £ 1 months and 2’ approximately 2 months
afterwards. Parents were instructed to record rectal tempera-
tures and adverse signs and symptoms within 4 days of each
injection on furnished report forms; compliance was rein-
forced by daily telephone contact. Sera were taken before

both injections and 1 month after the 2'; 11-16 children per
group began and 10-13 completed the protocol.

Natural logarithms of ELISA values were used for statis-
tical calculations. A 95% confidence interval (C1) for the ge-
ometric mean (GM) was calculated as the interval between
exp(x — ts/n) and exp(x 4 #s/n), where x is the mean and s
is the standard deviation of the logs of the values and 7 is
the Student’s 7 corresponding to P = 0.05 for n values (e.g.
2.303 for n = 10).

3. Results

In the children, in 4 days of monitoring (Table 3), ery-
thema of any degree was observed in 19%, any swelling in
14%, and any pain in 46% of the 122 injection sites, all of
mild or moderate and none of severe degree. Maximum rec-
tal temperatures of >101°F were reported after 9% of in-
jections; the highest was 103.6 °F, found in one observation
in a child experiencing an intercurrent respiratory infection,
Any form of unusual behavior indicating upset (excessive
sleeping, fretfulness, crying, anorexia, vomiting, or scream-
ing) was reported after 43% of injections; in no child was
the behavior severe or sufficiently intense to cause the par-
ents to contact their pediatrician. There was no significant
difference in reactogenicity among the conjugate constructs
nor between 1’ and 2’ injections. With the trivalent mixture
“C-6, -14, -19”, the 100-png dose trended toward more lo-
cal inflammation than the 25-j.g dose, which may be due in
part to the larger volume (1 ml versus 0.25 ml). Details of
the signs and symptoms were reported to RSRB and FDA.

Geometric means of 1gG Ab to PSs in the children are
shown in Table 4. In all the groups there were rises in the GM
of Abs to all the component PSs between the prevaccination
and the post-1’ sera. In respect to differences among post-1’
sera, the GM for serotype 19F of the “C-6, -14, -19, -23”
group exceeded that of “T-6, -14, -19, -23”, No other GM
differences among the groups were significant. There were
larger rises between post-1’ and the post-2’ sera. Among the
groups, the 2° GM for serotype 14 of the “T-6, -14, -19,
-23” group exceeded that of “C-6, -14, =19, -23”, while the
GM for serotype 23F of the “C-6, -14, -19, -23” and the
T/C mixture groups exceeded that of “T-6, -14, -19, -23”,
The dose-response relation of three of the C conjugates was
examined: only for serotype 14 did the 2’ GM produced by
the 100-pg dose of “C-6, -14, -19” exceed that of the 25-pug
dose; thus for serotypes 6A and 19F the studies above were
being conducted on a dose-response plateau.

Individual rises of >4x are shown in Table 5. In 1’ rises,
“C-6, -14, -19, -23” and the T/C mixture exceeded “T-6,
-14, -19, -23” for serotype 19F, and “C-6, -14, -19, -23”
exceeded “T-6, -14, -19, -23” for serotype 23F. In >4 x rises
produced by the combined 1’ and 2’ vaccinations, “C-6, -14,
-19, -23” and the T/C mixture exceeded “T-6, -14, -19, -23”
for serotype 23F. No other differences in the proportion of
>4 x rises were significant.
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Adverse signs and symptoms in children within 4 days of vaccination
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Vaccine injected® Injection” Number observed/number of injections Upsct behavior®
Erythema Swelling Pain Toax >101 4

T-6, -14, -19, -23 1 2/12 1/12 4/12 012 7712
2 2/10 1/10 5/10 2/10 5/10

C-6, -14, -19, -23 VY 0/11 0/ 5/11 0/1t 6/11
py 2/9 0/9 5/9 2/9 4/9

T/C mixturc® I 4/14 2/14 M4 2/14 4/14
2 1710 0/10 4/10 0/10 3/10

C-6, -14, -19f l’ 3/11 2/11 4/11 111l 711
2 1/8 1/8 4/8 1/8 4/8

C-6, -14, -19¢ Iy 5/14 6/14 9/14 1/14 6/14
2 2/12 4/12 712 212 M2

* 50 ug total protein in 1 ml saline except for T/C mixture and “C-6, <14, -19”.

b s

, primary; 2/, secondary.

¢ As observed by parents—any unusual degree of sleep, fretfulness, crying anorexia, vomiting, or screaming.
4 Maximum rectal temperature observed in three daily measurements.
€25 ug of the two previously described vaccines, combined just before injection,

25 ug in 0.25ml,
8100 g in 1 ml.

Table 4

Geometric means of 1gG antibodies to pneumococcal polysaccharides (ug/ml) in 2-year-old children before (Pre) and afler primary (1') and secondary

(2') injections

Vaceine injected® N Scrotype 6A Serotype 14 Scrotype 19F° Scrotype 23F

Pre | 2 Pre 1 2 Pre V 2 Pre 1V 2
T-6, -14, -19, -23 10 0.5 1.2 4.3 0.8 1.9 16" 12 250 8.6 0.5 1.0 1.2"
C-6, -14, -19, -23 n 0.9 1.7 29 0.4 1.4 5.3b 0.4 5.4b 1 03 1.9 4.8b
TIC mixture® 13 0.4 1.6 48 06 2.3 12 0.6 5.0 10 0.4 1.5 3.0
C-6, -14, -19¢ 11 03 0.9 26 04 1.6 5.8" 0.9 7.2 16 0.4¢ 0.9¢ 0.9
C-6, -14, -19¢ 11 03 1.0 3.0 0.5 1.9 120 0.3 47 10 0.3¢ 0.4¢ 0.5°

¥50 pg total protein in I mt except for “C-6, -14, -19™.
® Pyirs different by Student’s r-test at £ < 0.05.
€25 g of the two previously described vaccines, combined immediately before injection.

425 ug in 0.25ml.

¢ Sequential rises not significant (no 23F antigen in the vaccine).

T100 g in 1 ml

Table 5

Proportions of children with antibody rises of >4x to the primary (1) or the combined primary plus secondary (1’ + 2') vaccinations

Vaccine injected®

Scrotype 6A

Serotype 14

Scrotype 19F

Serotype 23T

I V+2 K V2 v V42 1 Vo2
T-6, -14, -19, -23 4/10 7/10 4/10 10710 20100 6/10 2/10b 3/10b
C-6, -14, -19, -23 8/12 9/11 4/12 11/11 10/12b /11 9/12b 1/11°
T/C mixturc® M3 1213 713 11/13 12/13" 12/13 8/13 12/13%
C-6, -14, -194 311 8/11 4Nt 8/11 8N 8/11 1n1e 2/11¢
C-6, -14, -197 5/13 91} 413 11711 10/13 11/1 1/13¢ 1/11¢

* 50 ug total protein in 1 mt saline except for “C-6, -14, -19”.
b Differences significant at P < 0.05 by x2-test with Yates correction.
€25 g cach of the two previous vaccines mixed immediately before injection,

425 g in 0.25mi.

¢No 23F antigen in the vaccine.

T100 pg in I mi,
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4. Discussion

Infants are the major target population for pneumococcal
conjugate vaccines. For safety, our RSRB requires prelim-
nary safety testing in adults and then children, which we
have done here. Al} the adults had Ab responses to all the
PS components; however, such responses are influenced by
extensive but varied natural priming experience and thus are
not detailed here. In the 2-year-old subjects, both our T- and
C-based conjugates induced modest primary and larger sec-
ondary responses to all four pneumococcal PSs. Within the
limitation of the number of subjects studied, there were no
consistent differences in potency between the T and C car-
riers; rather, there were some serotype-specific differences,
i.e. C exceeded T for serotypes 19F and 23F, T exceeded C
for serotype 14, and there was no significant difference for
serotype 6A. The stmilarity in immunogenicity may in part
be due to the fact that the children had already received four
injections of tetanus and diphtheria toxoids and thus were
well-primed for both catriers.

Interestingly, however, similar results in infants as well
were reported in an abstract: tetanus and conventional diph-
theria toxoid were more, less, or equally potent as carriers
depending upon the pneumococcal serotype [15].

The mixture of half-doses of our T and C conjugates was
studied primarily to rule out negative interference. Indeed,
with none of the PS serotypes was the mixture of halved
doses less effective than the full dose of either conjugate
given alone. Positive interference (a response significantly
greater than of both conjugates given alone) was also not
observed; but, with the limitations of this study, positive
interference was not expected, for two reasons. llalving
the dosage of each carrier hypothetically would improve
the PS responses if carrier overload were operative; how-
ever, at carrier dosages of only 50 g, overload might not
be expected [4]. Hypothetically also, if the limiting factor
for a particular anti-PS Ab response were carrier-specific
T-helper cell activity, presentation of the PS simultane-
ously on two carriers might give an additive response. As
mentioned however, the 2-year-old subjects are already
highly primed for both carriers; moreover, they have had
an unknown and variable priming from possible carriage of
pneumococci. They thus are of little value for testing the hy-
pothesis. We would like to test the strategy in 2-month-old
infants in which carrier-specific T-helper activity is more
likely to be limiting. The observed lack of negative in-
terference increases our confidence that mixtures of our
conjugates could be ethically studied in infancy. A study
of this kind in infants, using T and conventional diphtheria
toxoid as carriers, was described in a recent abstract [7]:
there appeared no negative nor positive effect of the mixture
in respect to mean titers for the four studied pneumococcal
serotypes; however, statistical details of the responses were
not given. Nonetheless, the strategy may be worth further
evaluation. If antigen-presenting cells for a particular PS
could elicit T-helper activity specific for both carriers, two

measures of the benefit might be found: in a population, the
mean PS Ab response might be additive compared to the PS
being presented singly on either carrier; but, demonsirating
a significant effect would require a very large study, ideally
conducted at the dose-response maxima for each of the
components. Tlowever, among individuals heterogeneous
in T-helper cell responsiveness, an infant with a poor re-
sponse to one carrier might respond well to the other; thus
a benefit of the mixing strategy might be to produce a more
consistent response, which would be seen as lower variance
or a higher proportion of infants above a protective titer.
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<@ WHAT THIS STUDY ADDS: These study results reveal that PCV13

\ profile. /

WHAT’S KNOWN ON THIS SUBJECT: To expand coverage of PC\%
a 13-valent vaccine with serotypes 4, 68, 9V, 14, 18C, 19F, and 23F
plus 1,3, 5, 6A, 7F, and 19A has been approved in the United

States and elsewhere for routine pediatric immunization.

was as effective as PCV7 in the prevention of disease caused by
the 7 commaon serotypes and could provide expanded protection
against the 6 additional serotypes with a comparable safety

ahsiract &
BAGKGROUND: 7-Valent pneumococcal conjugate vaccine (PCV7 [Prev-
nar, Wyeth Pharmaceuticals Inc, Philadelphia, PA], serotypes 4, 68, 9V,
14, 18C, 19F, and 23F) is effective in preventing vaccine-serotype pneu-
mococcal disease. 13-Valent pneumococcal conjugate vaccine (PCV13)
(PCV7 serotypes plus 1, 3, 5, 6A, 7F, and 19A) was designed to provide
broader pneumococegal disease coverage. We evaluated the immuno-
genicity and safety of PCV13 compared with PCV7.

METHODS: Infants received PCV13 or PCV7 at ages 2, 4, 6, and 1210 15
months with routine pediatric vaccinations. Pheumaococcal anticapsu-
lar polysaccharide-binding immunoglohulin G responses and func-
tional antipneumococcal opsonophagocytic activity were assessed 1
month after dose 3, before the toddler dose, and 1 month after the
toddler dose. Safety and tolerability were also assessed.

RESULTS: For the 7 common serotypes, PCV13-elicited immunoglobu-
lin G titers were noninferior to those elicited by PCV7, although PCV13
responses were generally somewhat lower. PGV13 also elicited func-
tional opsonophagocytié activity comparabhle with that elicited by PCV7.
For the 6 additional serotypes in PCV13, PCV13 elicited binding and
functional antibody levels notably greater than those in PCV7 recipi-
ents. After PCV13 immunization, concordance between antipolysaccha-
ride and opsonophagocytic responses was noted for all 13 serotypes.
The PCV13 toddler dose resulted in higher immune responses com-
pared with infant-series doses. Safety and tolerability were compara-
ble; reactogenicity was generally mild.

GONGLUSIONS: PCV13 will be as effective as PCV7 in the prevention of
pneumococcal disease caused by the 7 common serotypes and could
provide expanded protection against the 6 additional serotypes. The
PCV13 safety profile was comparable to that of PCV7. Pediatrics 2010;
126:6493—-e505

e493
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Approximately 14.5 million episodes of
serious disease caused hy Streptococ-
cus pneumoniae were estimated to oc-
cur globally in children youngerthan 5
in 2000.' An estimated 1 million deaths
annually are attributed to this organ-
ism in this age group worldwide.? In
the United States, use of 7-valent pneu-
mococcal conjugate vaccine (PCV7)
has dramatically reduced the inci-
dence of vaccine serotype-specific in-
vasive pneumococcal disease (IPD)3-6
In addition to direct benefits in vacci-
nated children, PCV7 administration
has indirectly reduced IPD incidence in
unvaccinated adults.37

The World Health Organization (WHO)
has stated it should he a priority to
include PCV7 in national immunization
programs.2 PCV7 serotypes 4, 68, 9V,
14, 18C, 19F, and 23F were responsible
for ~80% to 90% of IPD in the United
States before the introduction of
PCV7.? Data from the Active Bacterial
Core Surveillance Network revealed an
overall 77% reduction in the incidence
of IPD in children younger than 5, a
98% decline in vaccine-serotype IPD,
and a small but significant increase in
IPD because of nonvaccine serotypes,
particularly type 19A¢4

The serotypes in PCV13, which include
PCV7 serotypes plustypes1,3,5,6A, 7F,
and 19A, are the most common sero-
types that cause IPD globally, account-
ing for 80% to 92% of IPD in children
younger than 5 worldwide.? Serotypes
6A and 19A are important additions,
hecause both mediate a substantial
proportion of pneumococcal dis-
ease. 912 Surveillance data have
shown that PCV7 provides some pro-
tection against 6A disease, but not to
the same extent as that seen against
types actually contained in the vac-
cine.i4 PCV7 provides no protection
against 19A disease.2!5'® Serotypes 1
and 5 are particularly important
causes of pneumococcal disease inthe
developing world® Finally, serotype 3
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has been associated with a broad
spectrum of disease, including IPD, ne-
crotizing pneumonia, and acute otitis
media.'"1®

The current study represents the piv-
otal US study that compares the safety,

tolerability, and immunogenicity of

PCV13 with that of PCV7, administered
as a 4-dose series with routine pediat-
ric vaccinations, according to the US-
recommended infant  vaccination
schedule. The results of another piv-
otal study conducted in Germany have
been published elsewhere.'®

PATIENTS AND METHODS
Study Design

This phase 3, randomized, double-
blind, active-controlled, mufticenter
trial compared PCV7 with PGV13 given
to healthy infants aged 2,4, 6, and 12to
15 months concomitantly with routine
pediatric vaccinations. Two-month-old
infants were enrolled at 1 of 38 sites
and randomly assigned to receive ei-
ther PCV7 or PCV13. Blood samples

were obtained 1 month after the third -

infant dose, as well as hefore the tod-
dler dose and 1 month afterward.

The study was conducted in accor-
dance with the ethical principles that
originated in the Declaration of Hel-
sinki. The protocol was reviewed and
approved by each institution’s review
board or delegated authority. Written
informed consent was obtained from
a subject's parent/guardian bhefore
study enroliment.

Eligible subjects were 2 months old
(42-98 days) and healthy. Subjects
were excluded if they previously were
vaccinated with any study vaccines
(except hepatitis B vaccine at birth);
had any contraindication to vaccina-
tion; had a known ar suspected immu-
nodeficiency or suppression; had a his-

tory of S pneumoniae or Haemophilus -

influenzaetype b disease or confirmed
measles, mumps, rubella, or varicella

infection; had a severe chronic disor-
der including significant congenital
malformations; had a history of sei-
zures; or had received blood products
or y-globulin.

Vacacines and Interventions

Each subject received 0.5 mL of either
PCV13 or PCV7 at age 2, 4, 6, and 12 to
15 months. Each subject also received
Pediarix (GlaxoSmithKline Biologicals,
Rixensart, Belgium) and ActHiB (Sanofi
Pasteur SA, Lyon, France) at the 2-, 4-,
and 6-month visits, as well as ProQuad
(Merck and Co, Inc, Whitehouse Sta-
tion, NJ), PedvaxHIB (Merck and Co, Inc,
West Point, PA), and VAQTA (Merck and
Co, Inc, Whitehouse Station, NJ) at the
12-10 15-month visit.

Each vaccine was administered intra-
muscularly, except for ProQuad (in-
jected subcutaneously into the arm).
PCV13 and PCV7 were injected into the
left thigh, and the other concomitant
vaccines were injected into the right
thigh.

As with PCV7, each PCV13 polysaccha-
ride is covalently conjugated to a com-
mon carrier protein, cross-reactive
material 197, a nontoxic variant of
diphtheria toxin. PCV13 contains 2.2
g of each polysaccharide, except for
44 ng of type 6B, with 0.125 mg per
dose of aluminum as aluminum phos-
phate. The presentations of PCV13 and
PCV7 were identical.

Study Objectives

Our objectives were to compare im-
mune responses of PVC13 with those
of PGV7, 1 month after both the infant
series and the toddler dose, when co-
administered with concomitant vac-
cines. As an exploratory measure, the
functional opsonophagocytic capacity
ofthe elicited antihodies was assessed
in a randomly selected subset of 100
subjects per group.

The safety of PCV13 was evaluated by
incidence rates of local reactions, sys-
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temic events, and adverse events
(AES). Immune responses to specific
concomitant antigens also were deter-
mined. These results will he published
separately.

Randamization

Eligible subjects were randomly as-
signed (1:1) to receive PCV13 or PCV7
on the basis of a randomization sched-
ule with a block size of 4 performed
through the sponsor’s Clinical Opera-
tions Randomization Environment sys-
tem accessible via Internet and tele-
phone 24 hours/day. Participants,
study staff, and those who assessed
outcomes were blinded to the group
assignment.

Analysis Population

Immunogenicity was analyzed only in
the evaluable infants who adhered to
protoco! requirements, had valid and
determinate assay results, and had no
major protocol violations. The all-
available infant immunogenicity popu-
lation included all subjects who had at
least 1 valid and determinate assay re-
sult; results were similar to those for
the evaluable immunogenicity popula-
tion (data not shown). The safety pop-
ulation included all subjects who re-
ceived =1 dose of PCV.

Antipneumococcal Immunogenicity
Assessments

Serotype-specific immunoglobulin G
(IgG) was measured using standard
pneumococcal anticapsular polysac-
charide enzyme-linked immunosor-
bent assay (ELISA) 22 Functional anti-
bacterial opsonophagocytic activity
was measured by opsonophagocytic
assay (OPA). The OPA used in this
study® is a modification of the method
of Romero-Steiner et al.? Unlike IgG
ELISA, OPA has no agreed-on reference
sera. Therefore, although antibody
concentration values measured by
ELISA can be compared across sero-
types, OPA titer values cannot he simi-
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larly compared. Nonetheless, OPA ti-
ters within individual serotypes can be
compared.

Statistical Analysis

The study was designed hy using
the intersection-union procedure de-
scribed hy Wellek2 (Suppiemental
Text 1).

End points included immunologic com-
parisons of pneumococcal responses
elicited by PCV13 relative to PCV7 1
month after both the infant series and
the toddler dose. Responders after the
infant series were defined as the pro-
portion of subjects for whom there
was an anticapsular polysaccharide
IgG concentration of =0.35 ug/ml, a
reference concentration for assess-
ment of vaccine efficacy against IPD de-
fined by the WH0.2728 Postinfant series
and posttoddler dose analyses in-
cluded comparison of antipolysaccha-
ride 18G geometric mean concentrations
(GMGs), comparison of functional anti-
hacterial OPA titer of =1:8 as defined by
the WH0,%7 and a comparison of func-
tional antibacterial OPA geometric mean
titers (GMTs).

Within each vaccine group and for
each serotype, GMCs (IgG) or GMTs
(OPA) and corresponding 2-sided 95%
confidence intervals (Cls) were calcu-
lated by using logarithmically trans-
formed values and the Student’s ttest
distribution for Cls.

After the infant series, the difference
in proportion of antipolysaccharide
I8G responders elicited by PCV13 rela-
tive to PCV7 (PCV13—PCV7) was calcu-
lated for each serotype. The exact, un-
conditional, 2-sided 95% Cls on the
difference in proportion of responders
were computed using the noninferior-
ity procedure of Chan and Zhang 2 For
the serotypes in common to the 2 vac-
cines, noninferiority was declared if
the lowest limit of the 2-sided 95% Cl
for the difference in proportion of re-

sponders in the 2 groups was more
than —0.10.

For the comparison of IgG GMCs elic-
ited by PCV13 relative to PCV7, the GMC
ratio (PCV13/PCV7) for each pneumo-
coccal serotype was calculated. Nonin-
feriority of PCV13 relative to PCV7 for
the common serotypes was declared if
the lower limit of the 2-sided 95% Cl
for the GMC ratio was >0.5 (twofold
criterion). Fold-rises in antibody con-
centrations from pretoddler dose to
posttoddler dose were reported by
geometric means and Cls, also com-
puted using the logarithmically trans-
formed assay results.

Sample-size estimation was based on
the anticipated proportion of respond-
ers in each vaccine group. Data from 2
previous PCV clinical studies (studies
6096A1-003* and D140-P00T [unpub-
lished datal}) were used to estimate
proportion of responders and GMCs
for each pneumococcal serotype. The
study was powered to show the nonin-
feriority of PCV13 relative to PCV7. Af-
ter the infant series, it was estimated
that 250 evaluable subjects per group
provided 91% power to declare nonin-
feriority for each pneumococcal sero-
type when using a noninferiority crite-
rion of —0.10 and a 2-sided, type |
error of 0.05.

Safety Assessments

Local pneumococcal vaccine injection
site reactions (tenderness, redness,
and swelling), systemic events (rectal
temperature, decreased appetite, irri-
tability, increased sleep, and de-
creased sleep), presences of hives,
and use of antipyretic medication to
prevent or treat symptoms were mon-
itored by parents or legal guardians
and recorded using an e-diary that so-
licited specific signs and symptoms for
7 days after each vaccination. Tender-
ness was recorded as none, present,
or interfered with limb movement.
Redness and swelling were measured
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666 subjects enrolled; 666 subjects randomty agsigned ]

]

v

334 subjects assigned PCV13
332 dose 1; 309 dose 2; 298 dose 3

332 subjects assigned PCV7
331 dosc 1; 3035 dose 2; 300 dosc 3

40 withdrawals during infant series
-13 parental/legal guardian request
-8 failed to return

-6 lost (o follow-up

-6 other”

-3 prolocol violations

-3 Als

-1 investigator request

A

Y.

294 completed infant serics

42 withdrawals during infant serics
-15 parental/legal guardian requesi
-13 failed to return

=7 protocol violations

-5 tost (o follow-up

-1 AE

-1 invesligator request

v

290 completed infant serics

82 excluded from cvaluable immunogenicity population® 80 excluded from evaluable immunogenicity population”
Some subjects due to >1 reason Some subjects duc to >1 reason
68 excluded because they had no postinfant series assay 69 excluded hecause they had no postinfant serics assay
results ' resulls
6 blood draw >56 d after infant series e—| . 6 blood draw >56 d after infant serics
4 received prohibited vaccines I received prohibited vaccines
. 2 forced randomization 1 forced ranclomization
1 no postinfant assay result for any concomitant antigen 1 no postinfant assay result for any concomitant antigen
1 not eligible for study 1 received vaccing other than randomized
1 did not receive all pneumococcal study vaccinations I did not receive all concomitant study vaccinations®
t blood draw <27 d afier the infant scrics
A A

252 subjcets in infant evaluable immunogenicity population l l 252 subjects in infant evaluable immunogenicity population

22 withdrawn after infant serics 294 completed 290 completed 25 withdrawn after infant serics
-8 parent/legal guardian request infant series infant series -7 parent/legal guardian request
-6 fniled to return -6 failed to return
-4 lost 1o follow-up -6 lost 10 follow-up
-3 protocol violation -3 protocol violation
-l AR -2 AL
¢ -1 investigator request
8 withdrawn daring toddler dose . - -
-5 lost o follow-up; 2 parent/legal guasdian 13 withdrawn d"”“&md‘."cr dose .
request; | failed to return -8 lost to fol!ow-up, 2 parcntal/legal guardian
. request; 2 failed to retirn; 1 protocol
violation
\d h4 .
264 completed toddler dose 252 completed toddler dose
95 excluded from evaluable immunogenicity population” 109 exeluded from evaluable immunogenicity population®
Some subjects due to >1 reason Some subjects due 1o >1 reason
66 excluded beeause they had no pretoddler or pasttaddler assay 71 excluded beeause they had no pretoddier or pasttoddler assay
results resalts
. 11 no posttoddler assay result for any concomit antigen” 21 no postioddler assny result for any concomit antigen”
11 no positoddier assay result for any pneumococeal serotype” M— [~ 21 no posttoddier assay result for any pneumococeal serotype®
& blood draw =56 d after toddier dose 11 blood draw >56 d afier toddler dose
5 received prohibited vaccines; 2 received vaccine other than 2 received prohibited vaccines
randomized; 2 did not receive all concomitant study 2 veeeived vaceine other (han randomized
vaccinations; 2 forced randomization; 1 not eligible for the 1 didd not receive afl o iant study vaccination:
study; | aged <364 d on day of toddler dose; | did  not receive t forced randomization
all pneamococeal study vaceinations; 1 did not meet eligibility ¥ aged 2456 d on day of teddler dose
criteria 1 exclusionary AE
4 A4

239 subjects in toddler evaluable immunogenicity populalionw

223 subjects in toddler evaluable immunogenicity population

FIGURE 1

Subject disposition. *0ther reasons were that subjects lost Kaiser coverage (4 subjects), the child was removed from the home and put in protective custody (1
subject), and the subject’s parent/legal guardian never provided consent and the child was randomly assigned in error {1 subject). "Subjecls may have been
excluded for >1 reason. “Subject was not counted among the subjects who received Pediarix at dose 2 because of an error. “Subjects with no posttoddier assay
results for any serotype/concomitant vaccine antigen are not included in this category and are classified as “No data received for these subjects.”

with a caliper, reported in the diary as 2.0 cm), moderate (2.5-7.0 cm), or se-  the child felt feverish; the highest tem-
caliper units (1 unit = 0.5 cm), and vere (>7.0 cm). Temperature was perature was recorded each day. Se-
then categorized as absent, mild (0.5- measured each evening and whenever verity of fever was categorized as ah-
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sent (<38.0°C), mild (=38.0°C to
=39.0°C), moderate (>39.0°C to
=<40.0°C), or severe (>40°C). Unso-
licited AEs were recorded until 6
months after the last vaccination.

RESULTS

Baseline Characteristics and
Disposition of Subjects

A total of 666 subjects were enrolled,
consented to participate, and were
randomly assigned (see Fig 1) from
September 18 to December 14, 2006,
The 8-month follow-up was completed
on June 2, 2008. The evaluable immu-
nogenicity populations consisted of
204 infants (PCV13: 252; PCV7: 252) and
462 toddlers (PCV13: 239; PCV7: 223).

Demographic characteristics are pre-
sented in Table 1. There were no statis-
tically significant differences in hase-
line characteristics hetween groups.
The safety population included 663
suhjects (PCV13: 332; PCV7: 331). Char-
acteristics were similar tothose in the
evaluahle immunogenicity populations.

Immune Responses to the
Common Serotypes After the
Infant Series

Comparison of immune responses to
the 7 common serotypes is shown in

Tahle 2. With regard to the antipolysac-
charide responder proportion at 0.35
ne/mL (see “Patients and Methods”),
noninferiority was achieved for 5 of the
7 serotypes. The exceptions were sero-
types 6B and 9V, for which the values at
the lower limit of the 95% Gl did not
meet noninferiority criteria (—109
and —124, respectively). The antipo-
lysaccharide GMC noninferiority crite-
rion for each of the common serotypes
was met for all 7 serotypes, although
the GMGCs in the PCV13 group were
somewhat lower than those in the
PCV7 group.

The proportions of subjects with a
serotype-specific OPA antihody titer of
=1.8 were 90.4% or higher in the
PCV13 group and 92.6% or higher in
the PCV7 group. PCV13 and PCV7 also
elicited comparable functional anti-
body responses, as noted by compari-
son of OPA GMTs, Far all 7 serotypes
and for both vaccines, functional anti-
body responses were concordant with
antipolysaccharide responses (Fig 2).

Immune Responses to the
Additional Serotypes After the
Infant Series

Immune responses against the 6 addi-
tional serotypes are shown in Table 3.

For all, PCV13 generally gave rise to
anticapsutar polysaccharide-binding
I£G levels that were notably greater
than those induced by PCV7, both in
terms of proportion of responders as
well as by GMC comparison. In addi-
tion, PCV13 elicited notably greater
functional antibody activity against the
additional serotypes.

OPA responses after PCV7 for the addi-
tional serotypes did not correlate with
serotype-specific hinding IgG concen-
trations, with the exception of serotype
GA (Fig 2). By contrast, OPA titers after
PCV13 correlated with I1gG concentra-
tions for all serotypes. For serotype 6A,
OPA response was 10-fold greater in
the PCV13 group compared with PCV7.

For type 7F, data in Table 3 and Fig 2
show that PCV7 recipients achieved
high concentrations of 7F OPA activity
despite known ineffectiveness of PCV7
against serotype 7 disease. 2’2 A gec-
ond OPA titer cutoff of 1:2048 was se-
lected, therefore, as indicative of a
type 7F OPA response on the basis of
the 95th percentile of observed re-
sponses in PCV7 recipients. The pro-
portion of responders above this level
was 90.4% (95% Cl: 82.6-95.5) in PCV13
recipients and 13.5% (95% Cl: 7.2—-22.4)
in PCV7 recipients.

ol

TABLE 1 Demographic Characteristics: Evaluable Infant and Toddler Immunogenicity Populations

Population Evaluable Infant Immunogenicity Evaluable Toddler Immunogenicity
POVI3 (N=252) PCV7 (N=1252) Total (N=1504) PCVI3 (N=239) PCV7 (N=223) Total (N = 462)

Gender, n (%)

Male 129 (51.2) 146 (57.9) 275 (54.6) 124 (52) 134 (60) 258 (56)

Female 123 (48.8) 106 (42.1) 229 (45.4) 115 (48) 89 (40) 204 (44)
Race, n (%}

White 175 (69.4) 179(71.0) 354 (70.2) 173(72) 163 (73) 336 (73)

Black 52 (20.6) 46 (18.3) 98 (19.4) 45 (19) 33 (15) 8 (17

Other 19.(7.5) 21 (8.3) 40 (7.9) 15 (6) 20 (9) 35 (8)

Asian 6 (2.4) 5(2.0) 1122 6 (3) 6(3) 12 (3)

Native Hawaiian or other Pacific Islander 0(0) 1(04) 1(0.2) 0(0) 1(0.4) 10.2)
Ethnicity, n (%)

Non-Hispanic and non-Latino 212 (84.1) 206 (81.7) 418 (82.9}) 204 (85) 188 (84) 392 (85)

Hispanic or Latino 40 (15.9) 46 (18.3) 86 (17.1) 35 (15) 35 (16) 70 (15)
Weight at enroliment )

n 252 252 504 _— — —

Mean (SD), Ih 11.5 (1.6) 1.7 (1.6) 116 (1.6) — —_ —
Age at toddler dose, mo '

n . —_ — — 239 223 462

Mean (SD) — — — 124 (0.4) 124 (0.4) 12.4 (0.4)
PENIATRICS Volume 126, Number 3, September 2010 €497
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Immune Responses Before and

For allvaccine serotypesinthe respec-
tive vaccines, antipolysaccharide IgG
GMCs hefore the toddler dose had de-

After the Toddler Dase

creased substantially (Table 4). The

crease in antibody levels. IgG GMCs to
the 7 common serotypes elicited by

PCV13 after the toddler dose were non-
inferior to those in PCV7 recipients for

toddler dose elicited a marked in-
all serotypes. For the 6 additional sero-

types, GMGs induced by PCV13 were no-
tably higher than those induced by

PCV7.
OPA responses after the toddler dose

were also higher than after the infant
series. For the 7 common serotypes,

proportions of subjects who achieved

an OPA antibody titer of =1.8 were
similar across groups, and OPA GMTs
were comparable (Tahle 5). For the 6
additional serotypes, OPA responder

rates and OPA GMTs were uniformly
higher in PCV13 recipients (Table 5).
Pastinfant and Posttoddler
Population limmune Responses
Reverse cumulative distributions curves
in Fig 3 present the proportion of re-

sponders 1 month after the infant se-
ries and toddler dose at different
comparisons of the full spectrum of
immune response distribution. For the
common serotypes, responses elicited

antibody concentrations and provide

considered effective. Population re-
sponses after the toddler dose were
substantially greater than those after
the infant series.

by PCV13 were slightly lower than
responses were well above levels

those elicited by PCV7, but in all cases,

l.ocal reactions (Table 6) and systemic
events (Table 7) were mainly mild and
comparable hetween groups. There
were no statistical differences in inci-
dence of solicited injection site local

Safety and Tolerability
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FIGURE 2

Concordance analysis between antipolysaccharide-binding 186 and functional OPA responses. A, Common serotypes; B, additional serotypes. Shown are
postinfant series data from samples with IgG concentrations (x-axis) and OPA titers (y-axis). PCVT or PCVI3 recipient data are represented Vertical lines
denote Ig6 reference concentralions; horizontal lines denote OPA responder titer
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TABLE 3 Immune Responses to the 6 Additional Serotypes After the Infant Vaccination Series

immune Measurement 1

3

5

7

19A

% responders according to
antipolysaccharide 186
(95% Ci)»
PCV13 95.6 (92.3-97.8)"
PCVv7 1.6 (0.4-4.1)
Antipolysaccharide 1gG GMG
(95% CI), jug/mle

PCV13 2.03 (1.78-2.32)¢

pCv7 0.02 (0.02-0.03)
OPA titer, % =1:8 (95% Cl)®

PCVI3 98.9 (94.1-100)!

Pev? ' 9.8 (4.6-17.8)
OPA GMT (35% Clye

PCY13 52 (39-69)P

POV7 4 (4-5)

63.5 (57.1-69.4)

4.6 (2.3-8.0)

0.48 (0.43-0.55)
0.04 (0.03-0.04)

96.8 (91.0-98.3)
21.3 (13.5-30.9)

121 (92~-158)

7(5-9)

89.7 (85.2-93.1)
31.0 (24.6-37.9)

1.33 (1.18-1.50)
0.20 (0.16-0.24)

92.3 (84.8-96.9)
22(0.3-78)

91 (67-123)
4 (4-4)

96.0 (92.8-08.1)
42.5 (36.2-49.0)

2,19 (1.93-2.48)

0.25 (0.21-0.29)

100 (96.2-100)
77.7 (67.9-85.6)

980 (783-1226)
100 (66-152)

98.4 (96.0-99.6)
28 (1.1-5.7)

2.57 (2.28-2.89)

0.04 (0.03-0.04)

100% (96.2-100)
76.4¢ (66.2-84.8)

9494 (7339~-12 281)
128 (80-206)

98.4 (96.0-99.6)
86.6 (81.6-90.6)

2.07 (1.87-2.30)

0.89 (0.79-0.99)

91.4 (83.8-96.2)
16.3 (9.4~25.5)

152 (105-220)
7 (5-8)

" Proportion of subjects with antipolysaccharide IgG concentrations of 20.35 jig/ml. (see text).
b Exact 2-sided Clis bascd on the observed proportion of subjects.
®GMCs were calculaled by using all suhjects with available data for the specified blood draw.

4 Cls are back-transformations of a Ct based on the Student’s ttest distribution for the mean logarithm of the concentrations.

A Number of subjects with a determinate antibody titer for the specified serotype ranged from 89 to 94.
TExact 2-sided Cl is based on the observed proportion of subjects.

£7F responder rate at 21:2048 is 90.4% (95% CI: 82.6-95.5) in PCV13 recipients and 13.5% (95% Cl: 7.2~22.4) in PCV7 racipients.

h CIs are back-transformations of a Ci based on the Student's t distribution for the mean logarithm of the titers.

TABLE 4 Pneumococcal Antipolysaccharide 186G GMCs (ug/mL) Before and After the Toddler Dose

Before Toddler Dose

After Toddler Dose

PCV13, GMC? (95% CIM)

PCVT, BMG? (95% CI")

PCV13, GMC" (95% Civ)

PCVT, GMC™ (95% CIM)

Ratio® (95% Ci")

Common serotypes

4 0.35 (0.31-0.39)
6B 0.78 (0.69-0.89)
v 0.39 (0.35-0.43)
14 1.89 (1.64-2.17)
180 0.34 (0.30-0.37)
19F 0.73 (0.65-0.82)
23F 0.38 (0.33-0.44)

Additiona! serotypes
1 0.64 (0.57-0.72)

3 0.15 (0.13-0.17)
5 0.77 (0.69-0.86)
6A 0.83 (0.75~0.92)
7F 0.83 (0.75-0.93)
19A 0.92 (0.81-1.06)

0.51 (0.45-0.57)
1.01 (0.88-1.15)
0.53 (0.48-0.59)
249 (2.17-2.85)
0.45 (0.41-0.50)
0.65 (0.57-0.74)
0.48 (0.42-0.55)

0.03 (0.02-0.03)
0.05 (0.04-0.06)
0.44 (0.37-0.51)
0.30 (0.26-0.35)
0.04 (0.04-0.05)
0.70 (0.61-0.80)

3.73 (3.28-4.24)
11.53 (9.99-13.30)
2.62 (2.34-2.94)
9.11 (7.95-10.45)
3.20 (2.82~3.64)
6.60 (5.85-7.44)
9,07 (4.41-5.83)

5.06 (4.43-5.80)
0.94 (0.83-1.05)
3.72(3.31-4.18)
8.20 (7.30-9.20)
5.67 (5.01-6.42)
8.56 (7.64-9.56)

5.49 (4.91-6.13)
15.63 (13.80-17.69)
3.63 (3.25~4.05)
1272 (11.22-14.41)
4.70 (4.18-5.28)
5.60 (4.87-6.43)
7.84 (6.91-8.90)

0.03 (0.03-0.03)
0.07 (0.05-0.08)
0.55 (0.47-0.64)
1.87 (1.60~2.19)
0.05 (0.04-0.05)
3.54 (3.15-3.98)

0.68 (0.57-0.80)
0.74 (0.61-0.89)
0.72 (0.62-0.85)
0.72 (0.60~0.86)
0.68 (0.57-0.81)
1.18 (0.98-1.41)
0.65 (0.54-0.78)

86.48 (72.95-102.52)

13.88 (11.42-16.87)
6.76 (5.44-8.41)
8.78 (7.15-10.78)

69.30 (58.40-82.24)
234 (201-2.72)

# GMCs were calculated by using all subjects with available data for the specified blood draw.

" {ls are hack-transformations of a Ci hased on the Student's t distribution for the mean logarithm of the concentrations. .

" Ratio of GMCs; PGV13/PCV7.

@ Cls for the ratio are hack-transformations of a Cl based on the Student’s t distribution for the mean difference of the togarithms of the measures (PCV13-PCV7 reference). Noninferiarity

was met if the lower limit of the 2-sided Gl was >0.5.

reactions within 7 days after any
infant-series dose. In most instances,
the highest percentages of subjects ex-
periencing local reactions occurred on
day 1 or 2 (data not shown).

In general, there were no statistical
differences in incidence of “any” sys-
temic event after any dose hetween
groups. For specific reactions, the only

8500 YEH et al

statistical difference was in the inci-
dence of moderate fever after dose 1
(2.8% vs 0.0% for PCV13 and PCV7, re-
spectively; P = .026). Most cases of fe-
ver were mild in severity in each
group. Severe fever was reported in
only 2 subjects, both inthe PCV7 group.
There were no differences between
groups in the use of antipyretic medi-

cations to prevent or treat symptoms
after any dose. There were atotal of 12
reported cases of hives within 7 days
of the infant series (10 for PCV13 and 2
for PCVT). Only 1 case after dose 3 (in
the PCV7 group) was confirmed. The
other cases were not confirmed. After
the toddler dose, 3 subjects in each
group reported hives within 7 days
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TABLE 5 Opsonophagocytic Activity Responses to the 7 Common Serotypes After the Toddler Dose

Immune

OPA Titer % =1.89

Measurement

PCV13, OPA (95% Ci)

OPA GMT»

PCV7, OPA (85% CI)

PCV13, OPA (35% CI)

PEV7, OPA (85% CI)

Common serotypes

4 98.9 (93.8-100)"
60 98.9 (94.1-100)
v 98.9 (94.0-100)
14 100 (96.1=100)
180 98.9 (94.0-100)
19F 96.7 (90.8-99.3)
23F 98.9 (94.0-100)
Additional serotypes

1 98.9 (93.9~100)
3 97.8 (92.3-99.7)
5 98.9 (34.0~100)
6A 98.9 (34.1-100)
7F 1007 (96.0-100)
19A 97.8 (92.3-99.7)

98.9 (94.1-100)
100 (96.2-100)
100 (96.2-100)
100 (96.2-100}
100 (36.2-100}

94.8 (88.3-98.3)
100 (96.1-100)

12.0 (6.1-20.4)
43.8 (33.6-54.3)
5201.7-11.7)
94.8 (88.3-98.3)
80.4 (70.9-88.0)
53.2 (42.6-63.6)

1180 (847-1643)¢
3100 (2337-4111)
11 856 (881015 955)
2002 (1453-2760)
993 (754~1308)
200 (144-276)
2723 (1961-3782)

2242 (1707-2945)
11 629 (905414 938)
1024 (774-1355)

1492 (1114-1999)
4066 (3243-5098)

18 032 (14 1256-23 021)
2366 (1871-2892)
1722 (1327-2236)

167 (121-230)
4382 (38686~6387)

164 (114-237) 5 (4-6)
380 (300-482) 12 (3-16)
300 (229--393) 5 (4-0)

539 (375-774)
268 (164-436)
268 (164-4306)

Opsonophagocytic activity responses before the toddler dose were not measured,

» Numbher of subjects with a determinate antibody titer for the specified serotype ranged from 88 to 96.

b Exact 2-sided Ct is based on the observed proportion of subjects.

% Cls are backtransformations of a Gl hased on the Student’s ¢ distribution for the mean logarithm of the titers.
4 7F responder rate at 21:2048 is 93.4% (95% Cl: 86.2-97.5) in PCV13 recipicnts and 23.9% (5% Cl: 15.6-33.9) in PCVT recipients.

of vaccination; none were clinically
confirmed.

AEs reported reflected anticipated
childhood illnesses (data not shown).
One serious AE in each group was
judged bythe investigatorto berelated
1o study vaccine after the infant series:
pyrexia with febrile convulsion (PCV13
group) and nephroblastoma (PCV7
group) diagnosed 3 months after dose
3 (thought to be related by the site in-
vestigator but not by the study medical
monitor). No related serious AEs were
reported after the toddler dose.

DISCUSSION

For the 7 common serotypes, antipo-
lysaccharide 1gG responses of =0.35
pg/ml were found to be noninferior
hetween the 2 vaccines for 5 of the se-
rotypes. Serotypes 6B and 9V did not
meet this noninferiority criterion be-
cause they were slightly outside the
—10% Cl. When comparing GMCs,
PCV13 met noninferiority for all the
common serotypes including 68 and
9V, although the actual titers were
lower than those after PCV7 (Table 2).
These GMC responses can be seen
graphically in the reverse cumulative

PEDIATRICS Volume 126, Number 3, September 2010
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distributions curves in Fig 3; the
curves for PCV13 and PGV7 were simi-
lar in shape for each of the common
serotypes, withthe PCV13 curves being
slightly shifted to the left. In addition,
PCV13 elicited functional OPA re-
sponses similar to PCV7 for each com-
mon serotype. Collectively, these data
support that PCV13 is immunogenic
against the 7 common serotypes, in-
cluding 68 and 9V.

For the additional 6 serotypes, PCV13
elicited higher concentrations of anti-
polysaccharide IgGs and notably
higher titers of OPA antihodies (Table
3) compared with PCV7. For serotypes
5 and 19A, PCV7 seemed to elicit some
IgG antibodies, but these antibodies
have no antibacterial functional activ-
ity. This lack of OPA activity i$ likely the
reason for the known lack of PCV7 ef-
fectiveness against serotype 19A dis-
ease. 4153132 By contrast, PCV13 elicited
substantial antitype 19A OPA activity,
which suggests that it would provide
protection against type 19A disease.

PCV7 is known to provide some cross-
protection against serotype BA-
mediated IPD. This was reflected by the

antitype 6A binding and functional an-
tibodies elicited by PCV7. Nonetheless,
PCV13 elicited a substantially higher
level of functionat antibody relative to
the antipolysaccharide-binding 1gG re-
sponse, which suggests that PCV13
would be more effective than PCV7 in
providing direct protection against
type GBGA-mediated pneumococcal
disease.

Although serotype 3 exhibited the low-
est 168G responses of the 6 additional
serotypes, the functional antibody re-
sponse for serotype 3 in the PCV13
group exceeded the response in the
PCV7 group by 18-fold after the infant
series and 32-fold after the toddler
dose; accordingly, PCV13 will likely
provide added protection against se-
rotype 3 disecase.

For the 7 serotypes in Prevnar, an OPA
titer of 1.8 after the infant series was
shown to correlate with protective lev-
els of anticapsular binding antibody 28
Inthe current study, a cutoff of 1.8 was
alsousedto analyze the OPA activity for
the 6 additional serotypes. For sero-
type 6A, there was a high percentage of
responders in both the PCV13 (100%)
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TABLE 6 Subjects Reporting Local Reactions Within 7 Days

Ltocal Dose 1 Dose 2 Dose 3 Toddler Dose
Reaction ; .
PCV13, PCVY, PCV13, PCV7, PCV13, PCV7, PGV13, PCV7,
% (/N % (n/ N % (n/N) % (n/N) % (nIN) % (I N) % (n/ M) % (nIN)
Tenderness
Any 72.7 (192/264) 72.2 (195/270) 77.0 (154/200) 75.9 (164/216) 78.7 (140/178) 80.9 (140/173) 81.2 (121/149) 84.4 (124/147)
Significant® 13.7 (26/182) 9.2 (18/195) 10.6 (13/123) 11.5 (15/131) 8.8 (8/91) 9.3 (8/86) 15.4 (10/65) 12.2 (6/49)
Swelling
Any 27.4 (55/201) 23.6 (51/216) 31.2 (44/141) 29.5 (43/146) 37.9 (44/116) 36.9 (38/103) 44.0 (40/91) 50.7 (37/73)
Mild* 23.1 (46/199) 21.2 (45/212) 29.8 (42/141) 26.1 (37/142) 35.4 (40/113) 36.9 (38/103) 43.3 (39/90) 46.5 (33/71)
Moderate® 6.8 (12/176) 5.2 (10/193) 5.1(6/118) 7.1(9/126) 6.6 (6/91) 6.1 (5/82) 14.7 (10/68) 14.3 (7/49)
Severe! 0.0 (0/173) 0.0 (0/187) 0.0 (0/116) 0.0 (0/120) 0.0 (0/87) 0.0 (0/79) 0.0 (0/59) 0.0 (0/44)
Redness )
Any 35.6 (72/202) 32.3(72/223) 45.2 (70/155) 37.8 (62/164) 48.9 (64/131) 50.0 (59/118) 54.4 (56/103) 65.5 (57/87)
Mitd" 34.5 (69/200) 31.4 (69/220) 44.5 (69/155) 37.0 (60/162) 47.7 (61/128) 48.7 (57/117) 53.9 (55/102) 63.5 (54/85)
Maoderate® 4.5 (8/177) 2.6 (5/191) 1.7 2/117) 3.2 (4/124) 5.5 (5/91) 5.0 (4/80) 8.1 (5/62) 14.0 (7/50)
Severe 0.0 (0/173) 0.0 (0/186) 0.0 (0/116) 0.0 (0/120) 0.0 (0/87) 0.0 (0/79) 0.0 (0/59) 0.0 (0/44)
No differences were statistically significant; P < .05 (Fisher's exact test, 2-sided).
s Number of subjects who reported the specific characteristic.
" Number of subjects who reported “yes” for at least 1 day or “no” for all days.
¢ Present and interfered with limb movement.
#Mild, 0.5~2.0 em; moderate, 2.5-7.0 cm; and severe, >7.0 cm.
TABLE 7 Subjects Reporting Systemic Events and Antipyretic Medication Use Within 7 Days
Systemic Dose 1 Dose 2 Dose 3 Toddler Dose
Reaction )
PCV13, PCVT, PCV13, POV7, POV13, PCVT, PCV13, PCVT,
% (n°IAP) % (n/N) % (n/N) % (nIN) % (/N % (nIN) % (nIN) % (n/N)
Fever
=38°C hut =39°C 24.0 (47/196)  21.2(43/203)  43.2(63/146) 404 (61/151)  39.8(49/123)  37.7 (40/106)  53.5 (53/99) 51.3 (39/76)
>39°C but =40°C 2.8(5/177) 0.0 (0/187)¢ 2.5 (31118) 4.9 (6/123) 8.5 (8/94) 2.5(2/81) 6.6 (4/61) 12.5 (6/48)
>40°C 0.0 (0/174) 0.0 (0/187) 0.0 (0/116) 0.8 (1/121) 0.0 (0/87) 1.3 (1/80) 1.7 (1/60) 0.0 (0/45)
Decreased appetite 54.8 (125/228) 45.4 (108/238) 539 (106/177)  52.3 (91/174)  59.2(87/147)  59.6 (81/136)  65.5 (76/116)  73.6 (81/110)
Ieritahility 89.6 (269/289) 85.9 (243/290) 89.8 (212/236) 91.5(216/236) 88.4 (191/216) 92.2(201/218) 92.0 (183/199)  93.1 (163/175)
Increased sleep 79.5(213/268)  78.5 (212/270) 79.3(161/203) 73.5(147/200) 713 (117/164) 69.8 (104/149) 704 (81/115)  74.3 (81/109)
Decreased sleep 45.7 (101/221)  47.9(113/236) 49.1 (83/169)  55.8 (36/172)  60.4 (33/154)  63.4 (85/134)  58.4 (66/113)  64.2 (81/95)
Hives 1.7 (3/178) 1.1 (2/188) 25 (3/118) 0.0 (06/120) 4.5 (44/89) 0.0 (04/79) 4.8 (3/62) 6.4 (3/47)
Use of antipyretic medication  75.0 (204/272) 74.8(205/274) 86.7 (202/233) 83.5(193/231) 81.2 (164/202) 84.1 (159/189) B88.4 (145/164) 90.7 (147/162)
to prevent symptoms .
Use of antipyretic medication  78.6 (202/257) 71,8 (191/266) 82.4 (182/221)  81.9 (181/221) 823 (167/203) 85.6 (160/187) 84.0 (136/162) 87.7 (121/138)

to treat symptoms

o Number of subjects who reported the specific characteristic.

b Number of subjects who reported “yes” for at lcast 1 day or “na” for all days.

¢ Statistically significant difference; P < .05 (Fisher's exact test, 2-sided).

1 0ne report of hives was recorded in error on the c-diary of a subject in the PCV13 group; the case was actually in a subject in the PCVT group.

and PCV7 (77%) groups, which was ex-
pected on the basis of cross-reactivity
of antigens within serogroup 6 and
correlates with the protection that
Prevnar has shown against 6A disease.
The higher GMT to 6A in PCV13 recipi-
ents suggests there would be an added
benefit from the inclusion of 6A in the
vaccine. For serotypes 1, 3, 5, and 19A,
serotypes that are not in Prevnar and
where there is no cross-protection
from the inclusion of serotype 19A, a
cutoff of 1:8 discriminates well be-

PEDIATRICS Volume 126, Number 3, September 2010

tween PCV7 recipients who are not
protected against these serotypes and
PCV13 recipients in whom protection
against disease caused by these sero-
types is anticipated. However, for sero-
type 7F, a high percentage of PCV13
(100%) and PCV7 (76%) recipients had
titers of =18, despite the fact that Pre-
vnar does not provide protection
against 7F strains. The 2 groups can
easily be differentiated by the OPA
GMT, which was ~100-fold greater in

PCV13 recipients, and by using a cutoff

of =1:2048 based on the 95th percen-
tile of observed responses in PCV7 re-
cipients. Postlicensure effectiveness
studies will provide the data needed to
assess the appropriateness of this
cutoff.

[t was suggested in a recent study that
the use of an antipyretic medication
led to a reduction in immunogenicity
with a 10-valent PCV .33 This and other
PCV13 trials were not designed to as-
sess effect of antipyretic use on immu-
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nogenicity; posthoc analysis did not
show any decreased immune re-
sponse to PCV7 or PCV13 (Supplemen-
tal Text 1).

Since the licensure of Prevnar, naso-
pharyngeal carriage with serotype 6C
has been reported in the United States
and United Kingdom -3 and rates of
IPD attributable to 6C have increased
in people age 5 or older in the United
States 3738 Although antibody to 68 pro-
vides some cross-protection to BA, it
does not seem to protect against 6C.38
The impact of serotype 6A in PCV13 on
disease caused by serotype 6C will be
determined on the hasis of surveil-
lance for IPD in the context of wide-
spread use of PCV13.

Finally, the safety analysis presented
no notable concerns for subjects who
received PCV13. Overall, ohservations
indicate that the safety profile of PCV13
is similar to that of PCV7.

CONGLUSIONS

Data from this study support that
PCV13 will be as effective as PCV7 in
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preventing disease caused hy sero-

types common to both vaccines. PCV13 -

has a safety profile comparable to
PCV7. In addition, PCV13 should medi-
ate protection against the 6 additional
serotypes, all of which are important
worldwide causes of severe pneumo-
coccal disease.
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ORIGINAL STUDIES

Immunogenicity and Safety of the
Eleven Valent Pneumococcal Polysaccharide-Protein D
Conjugate Vaccine in Infants

Anu Nurkka, MSc,* Jaana Joensuu, MD,* Isabelle Henckaerts, MSc,1 Pascal Peeters, MD, 1
Jan Poolman, PhD,} Terhi Kilpi, MD,* and Helena Kdéyhty, PhD*

Background: Development is ongoing to increase the serotype
coverage of pneumococcal conjugate vaccines. We report here the
immunogenicity and safety of a new 11-valent pneumococcal con-
jugate vaccine (Pn-PD) in infants.

Methods: In a randomized, single blind study, 154 Finnish infants
received | of 3 regimens: 4 doses of Pn-PD at 2, 4, 6 and 12-15
months; 3 doses of the Pn-PD at 2, 4 and 6 months and 1 dose of
23-valent polysaccharide vaccine (’ncPS) at 12-15 months; or 3
doses of the hepatitis B vaccine at 2, 4 and 6 months and Pn-PD at
1215 months. Serum lgG antibodics to vaccine serotypes 1, 3,4, S,
6B, 7F, 9V, 14, 18C, 19F and 23F were measurcd with an enzyme
immunoassay at the ages of 2, 7 and 12-15 months and at 4 or 28
days after the last vaccination. Local and systemic reactions were
recorded by parents during 8 days after cach dose. Serious adverse
reactions were recorded during the entire study period.

Results: There was a significant increase in the 1gG concenfrations
to vaccine serotypes after 3 doses of Pn-PD. Antibody concentra-
tions after the primary series varied between 1.26 and 4.92 pg/ml
depending on the serotype and study group. PnePS vaccine induced
a better booster response than the Pn-PPD, measured at 28 days afier
the fourth dose. IgG concentrations after the Pn-PD booster ranged
between 1.60 and 9.63 pg/ml and after the PncPS booster between
4.24 and 40.54 pg/ml, depending on the serotype. The antibocy
concentrations after the first dose of Pn-PD administered at 1215
months increascd significantly but were lower than after the fourth
dose at the same age. No significant antibody increase was measured
4 days after the vaccinations at 12-15 months. The safety profile of
the vaccinc was acceptable.

Conclusions: The Pn-PD we tested was immunogenic and safe in
infants.
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(Pediatr Infect Dis J 2004;23: 1008-1014)

During the past 10 years, an array of polysaccharide-
protein conjugate vaccines against Streplococcus pneu-
moniae with differing carrier proteins and polysaccharide
(PS) compositions have been studied.' One of these vaccines,
a 7-valent vaccine with a CRM,, carricr protein (PncCRM),
has been granted marketing authorization in the United
States, in the European Union, in Australia and in scveral
other countries.

The only available pneumococcal conjugate vaccine,
PncCRM (Prevenar/Prevnar), has been effective in prevent-
ing invasive pnewmococcal infections in the United States.?
In high risk populations, American Indians and human im-
munodeficiency virus-infected children, the efficacy of 7- and
9-valent formulas (respectively) has been good against inva-
sive pneumococcal infections.>® In Finland, PncCRM was
moderately cfficacious against vaccine type acutc otitis me-
dia.> The 7-valent PncCRM contains serotypes 4, 6B, 9V, 14,
18C, 19F and 23F. It is missing serotypes 1 and 5, which are
common in developing countries.®” In Asia, an increase from
7- to 11-valent vaccine by adding serotypes 1, 3, 5 and 7F
widened the serogroup coverage of the vaccine against inva-
sive pneumococcal infections from ~45% to 76% in young
children.®

The carrier proteins used in the experimental and li-
censed pneumococcal conjugate vaccines have been the same
as those used in the Haemophilus influenzae type b (Hib)
conjugate vaccines: CRM, 4, diphtheria toxoid, tetanus tox-
oid and Neisseria meningitidis onter membranc protein com-
plex.” However, the increase in the load of a carrier might
influence the immumogenicity of other concomitantly injected
conjugate vaccines that use the same protein carricr' and the
pneumococcal conjugate vaccine itself.'' A recombinant non-
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lipidated form of the protein D (PD) from H. influenzae has
been used in experimental Hib conjugate vaccines,'? and this
protein has been conjugated to pneumococcal polysaccha-
rides.' PD is a highly conserved 42-kDa cell surface lipopro-
tein of M. influenzae. In rats, PD induces systemic and local
antibodies to PD,'* and immunization with PD has induced
protection against H. influenzae otitis media in rat and chin-
chilla models.’*'® This vaccine could probably induce im-
munity against pneumococcus and M. influenzae.

It is rccommended that the immunogenicity of new
pncumococcal conjugate vaccines is evaluated by measuring
antibody concentrations after the third dose.'” The end point
would be the immune response after the primary series
(usually 3 doses) of the vaccines by calculating the propor-
tions of children with antibody concentration =0.35 pg/ml
when using enzyme immunoassay (ETA) without adsorption
with 22F polysaccharide. This threshold has been proposed in
the recent WHO mecting of experts'® as the primary endpoint
for demonstration of immunologic noninferiority in head-to-
head comparison trials that use a registered pneumococcal
conjugate vaccine as a comparator. Other measures of im-
mune response should be taken into consideration as second-
ary end points. These are the geometric mean concentrations
at various ages, persistence of antibodies and the induction of
immunologic B cell memory.'” The induction of memory can
be evaluated by the antibody response after a booster dose of
pnenmococeal polysaccharide vaccine (PnePS) in age-
matched primed and unprimed subjects, but in several pncu-
mococcal conjugate vaccine studies immune memory has
been assessed after primary series by the PncPS and or the
pncumococcal conjugate response, and the immune memory
response has been evaluated at days 7-10 after vaccina-
tion.'”?® There arc to date no data showing that primed
children respond more quickly after boosting with polysac-
charide or conjugate vaccine than unprimed children.

We report here immunogenicity and safety of a new .

11-valent pneumococcal conjugate vaccine (Pn-PD) using H.
influenzae protein D as a carrier. The Pn-PD was given at 2,
4, 6 and 12-15 months of age. Immunogenicity was assessed
by measuring 1gG antibody concentrations after the third
vaccinc dose and by demonstration of the development of
immunologic memory. To this end, the immune response to
the fourth dose, either Pn-PD or PncPS vaccine, given at
12-15 months was measured at days 4 and 28 after vaccina-
tion and compared with that after the first dose of Pn-PD at
the same age.

SUBJECTS AND METHODS
This was a randomized, single blind, controlled phasc 11
study to cvalvate the immunogenicity and safety of the
-valent pneumococcal conjugate vaccine in infants. We
cnrolled 154 healthy Finnish infants at 4 child health centers
(in Hameenlinna, Joensuu, Kerava and Salo) after the parents

© 2004 Lippincott Williams & Wilkins
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or guardians had signed an informed consent, The study was
approved by the Institutional Review Board of Finnish Na-
tional Public Health Institate (KTL).
Vaccines and Vaccinations. The study vaccine, Pn-PD [Gl-
axoSmithKline Biologicals (GSK Bio), Rixensart, Belgium],
contained 11 pneumococcal capsular polysaccharides of se-
rotypes |, 3, 4,5, 6B, 7F, 9V, 14, 18C, 19F and 23F (1 pg of
each) conjugated to a recombinant nonlipidated form of
protein D, a cell surface lipoprotein of H. influenzae. The
23-valent pneumococcal polysaccharide vaccine (PncPS;
Pneumovax 23; Aventis Pasteur, Lyon, France) contained 25
g of PS of each of the 23 serotypes. The control vaccine was
hepatitis B vaccine (Engerix-B; GSK Bio). Children were
randomized into 3 study groups (Table 1). Group 1 received
Pn-PD at 2, 4, 6 and 1215 months. Group 2 received Pn-PD
at 2, 4 and 6 months and PncPS at 12-15 months. Group 3
received the control vaccine at 2, 4 and 6 months and Pn-PD
at 12—15 months. Diphtheria-tetanus-acellular pertussis-inac-
tivated polio-Hib vaccine (Infanrix-Polio + Hib; Glaxo
SmithKline) was given at 2, 4 and 6 months concomitantly
with the pneumococcal vaccines or the control vaccine, but at
a separate injection site (opposite limb). Subjects did not
receive any other vaccinations during the study period.
Serologic Methods. For assessing the immune response after
the primary series of 3 doses of Pn-PD, venous blood samples
were taken at the ages of 2 and 7 months, For measuring (he
antibody response to the hooster vaccination, blood samples
were taken before and 4 or 28 days after the vaccinations
given at 12—15 months. Serum was separated by centrifuga-
tion and samplés were stored at —20°C until analyzed.
Antipneumococcal 1gG concentrations to serotypes in-
cluded in the vaccine were measured at the Vaccine Immu-
nology Laboratory at KTL by EIA without adsorption with
22F polysaccharide.>'*? For coating with type 3 PS, methyl-
ated human serum albumin (5 pg/ml) was added to the
coating solution to promote binding to microtiter plates.?®
The results for serum antipneumococcal PS 1gG are given in
micrograms/ml). The detection cutoffs were 0.06 pg/ml for
type 4, 0.07 pg/ml for type 18C, 0.08 pg/ml for types 9V and
23F, 0.09 pg/ml for types 3 and 6B, 0.1 pg/ml for types 1 and
7F, 0.15 pg/ml for type S, 0.16 pg/ml for type 19F and 0.19
pg/ml for type 14.
Safety Evaluation. The parents or goardians recorded local
and systemic reactions on a diary card during 8 days after
each vaccine dose. The followed reactions were pain, redness

TABLE 1. The Vaccine Groups

Group 2 mo 4 mo 6 mo 12-15 mo
1 Pn-PD Pn-PD Pn-PD Pn-PD
2 Pn-PD Pn-PD Pn-PD PnclS
3 Control Conlrol Control Pa-PD
1009
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and swelling; drowsiness; fever; irritability/fussiness; and
loss of appetite. Serious adverse events were recorded during 8RE5E 888 Z 78§
. . . | QoS HO N = O Qe T I- NS
the entire study period. A serious adverse event was defined BI9L8LS) &8l542) JLeLyT
) S &7A%g ©3%R"8 T8¥a°a
as any untoward medical occurrence resulting in death, a dde geege ddog
life-threatening condition, persistent or significant disahility,
hospitalization or prolongation of existing hospitalization. gss @83 RE g
C . . . Folhs ¥ S oS v i
Statistical Methods. Sample size was calculated to provide al & | 279249 838927 84 3818
oo : T egYeSy "RdRsy egfgey
least 89% power to detect a difference between the combined g 88 doe goum e
groups 1 and 2, and group 3 in terms of geometric mean -
concentrations of antipneumococcal polysac.charlde antibod- 288 88& £8g
ncs':(or 11 serotypes 1 month aﬁ'el: the l’]‘m‘.cl dose. Serum Q| I75e8s ggctzg? g gﬁigsl;i
antibody data were log-transformed for statistical analyses. A e TlTane °3 °8 °5 °8 TiR€geR
) e S dde e8g &g ¢
paired f fest was used to compare responscs within the Es ~
groups. Differences in antibody concentrations among the g a
po. 4 ! ; g f s o = o a = =
vaccination groups werc determined by analysis of variance 9 0BuBLn S S S ﬁimgwﬁ
. . < « P o
and independent-sample 7 test. p < 0.05 was considered > |93 Jgagst SgNgSe
significant. The results are given as geometric mean concen- ‘:3) eee e ege
trations (GMC) with 95% confidence intervals. When con- g
centration was below the detection limit, a value one-half of 8 2 g8 88§45 3 8 8
[H] d - H ¢ Y i O3 q
the cutoff was used to compute GMC. We also calculated the ool %;,‘ ﬁ“g §'~I zo_z 8;81’ %232‘2‘1
. . . N ~ o Lal o O’J. o
percentages of children with antipneumococcal PS IgG con- = % 248 &£8g8 a Ng P
centration =0.35 pg/ml. A descriptive analysis was applied E g -
, ; [iable e |k o - e
to all safety variables. 2 g 238 $39 8Rg
514k [e78ys5 298783 =Ygqss
=) ~ 1
RESULTS g |z T T 7T 2 e
g IS
Q
Antibody Concentrations to the 11 Vaccine Serotypes é §a 585 8 gm§ g2 8
v . . w 1] -
Before and Afier the Primary Series. At the age of 2 months, 2 8 'ii; 2;@ §Z E%‘ 3.("1)' gz Elg’?. §§ 29
antipneumococcal PS 1gG concentrations were similar in the ~ e s €¢es8 o3 8
3 groups, and the GMCs varied between 0.09 (4, group 1) and k)
. [} _— o~ —~ ~ o~
0.40 pg/ml (19F, group 2), depending on the serotype and @0 282 883 8 &8
roup (data not shown) 3 e S’TT,%* 27 878789 B7§S87
group (dats S . 3 Anrgdg Sgegoy Olgl\éom
The children in groups 1 and 2 had significantly higher o ddege €ee < ge
antipncumococcal PS 1gG concentrations for all vaccine se- & _
rotypes after 3 doses of Pn-PD at 7 months than before any 5 s &8 S5 & 8§ &3 8
- RVTRTIT 78757 &733&T s
dosc at 2 months of age (P < 0.001 for all scrotypes). In A ¥l dgagcs oSg-mch wgYlsy 5
. . 2] A ] s o2 o & '
contrast, the children who had not received a pneumococcal g cege egee € 8 §
vaccine had lower (P < 0.001 for all serotypes) antipneumo- £ R g '
| PS 1gG rations at 7 months than at 2 montl 5 ez ggs8 88eal if
coccal PS IgG concentrations at 7 months than at 2 months = ghenad sonSos gaxege o
” . SIS NN al Q1N O :
(data not shown). The 7-month concentrations were also § ” N;N'g‘,_o:é OQO.‘,’gog ~erovg ﬁg-g
. — 5 ] 5 5 | S 3 Q
lower than those measured at the same age in groups 1 and 2 3 cee s8¢ cee %g 4
(P < 0.001; Table 2). The threshold of =0.35 pg/ml was 2 e A mm o~ o~ @ | B EE
. N o Mo D M = = o~ - £ .28
reached by 86-100% of the infants in groups 1 and 2 and by 2 - girﬁg% og;fgi.g;l‘ 8?3.?;“ i I g 2
0-12% in group 3 (Table 3). Among the Pn-PD recipients, g chcigSe JdesgSd «iddch[dE wg
. . . - I oo g 3 5 5 i i ol=
the highest concentrations were induced for types 14 and 19F. o cse e £g°¢ Eﬁé 2
. (@] - o
By 12 months of age, the antipneumococcal PS 1gG ol . %y .
A - A m e A, a o om oo |sBER
concentrations in groups 1 and 2 decreased compared with = g‘i 28 288 &8 8 |vf5s
' . . @) OV - o ™ - & - N ™ sg-gvé
those at 7 months. In group 3, the antibody concentrations SRR
remained at essentially the same level from 7 to 12 months ol 23 g?
of age (Table 2). The proportions of children with antibody fﬂ 8 k) K E‘DB 3 ‘é
. ~ [
concentrations of =0.35 ug/ml at 12 months ranged from ﬁ 4 |- & & 8 § AE
. . . { IR
59 to 98% in groups vaccinated with 3 doses of Pn-PD. In B
1010 © 2004 Lippincott Williams & Wilkins

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



The Pediatric Infectious Disease Journal » Volume 23, Number 11, November 2004

11-Valent Pneumococcal Vaccine

group 3, the respective proportion varied between 2 and
41% (Table 3).

Scrum samples were taken either 4 or 28 days after
pneumococcal vaccination at 12-15 months (ie, either the 4th
dosc of Pn-PD, a dose of PncPS or the first dose of Pn-PD).
In the samples taken 4 days after the fourth vaccination, the
antibody concentrations were similar to those detected in
samples obtained just before vaccination, and the individual
increases were minimal and few (data not shown). Twenty-
cight days after the vaccination, antipneumococcal IgG con-
centrations were higher than the pre-fourth vaccination con-
centrations for all serotypes in every vaccine group (Table 2).
The GMCs were significantly lower in group 3 than in groups
1 and 2, except for serotype 3. In general, the highest GMCs
were found in group 2 subjects who received PncPS vaccine
at 12-15 months (Table 2). Proportions with antibody con-
centrations of =0.35 pg/ml varied depending on the serotype

between 96 and 100%, 91 and 100% and 20 and 100%, in
groups 1, 2 and 3, respectively (Table 3).

Safety. Mild local reactions were common and usually more
frequently recorded after the first 3 doses of Pn-PD than after
the corresponding dose of hepatitis B vaccine. Mild systemic
reactions were common in all study groups. Severe reactions
were few. During the study, there were 28 serious adverse
events, and none was considered to be cansed by the study
vaccine.

Local Reactions. Within 8 days of cach of the first 3 doses,
local reactions were more common in children who received
Pn-PD than in those who received hepatitis B vaccine (Table
4). Local pain preventing normal daily activitics was rare in
all groups and reported in fewer than 6% of the children after
cach of the first 3 doses. PncPS vaccine, as the fourth given
after 3 doses of Pn-PD, seemed to cause more local redness
and swelling than the fourth dose of Pn-PD (Table 4).

TABLE 3.

Percentages of Samples with Antibody Concentration 20.35 pg/ml

" Serotypes
roun®
Age {mo) G'(‘;\?)p
1 3 4 5 6B F oV 14 18C 19F 23F
i 1(51) 100 100 100 96 90 98 08 100 98 100 94
2(61) 100 100 98 100 86 98 096 098 08 100 88
3(52) 4 8 0 12 0 4 8 10 0 12 2
12-15% 1(51) 78 73 86 92 82 86 84 96 59 98 76
2(51) 80 78 90 94 86 94 92 96 71 98 73
3(51) 4 10 2 41 6 10 6 8 4 31 6
13-16* 1(24) 100 100 100 100 96 100 100 96 100 100 100
2(22) 100 100 100 100 91 100 100 100 100 100 91
3 (25) 84 100 92 88 20 92 72 68 88 80 36

*For groups 1, 2 and 3, sce Table 1,
"Blood sample taken just before administration of the fourth vaccine dose.
!Blood sample taken 28 days after the fourth vaccination.

TABLE 4.

Local Reactions Within 8 Days of Each Vaccination by Subject

Group 1* Group 2 Group 3
Vaccination
Any (%) Grade 3 (%) Any (%) Grade 3 (%) Any (%) Grade 3 (%)
Pain® 1 31.4 2.0 43.1 2.0 9.6 0
2 29.4 0 27.6 3.9 3.8 0
3 27.5 2.0 21.6 0 3.9 0
4 37.3 5.9 49.0 0 49.0 3.9
Any (%) > 30 mm (%) Any (%) >30 mm (%) Any (%) > 30 mm (%)
Redness 1 25.5 0 47.1 2.0 30.8 0
2 37.3 2.0 43.1 0 25.0 0
3 49.0 0 471 5.9 27.7 5.9
4 39.2 2.0 52.9 13.7 29.4 7.8
Swelling 1 15.7 2.0 25.5 0 5.8 0
2 17.6 2.0 23.5 2.0 71 0
3 15.7 2.0 27.5 2.0 9.8 0
4 17.6 0 27.5 7.8 16.7 3.9

*For groups 1, 2 and 3, sce Table 1.
TPain wns considered to be of grade 3 intensily if it prevented normal activity.
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Systemic Reactions. Mild drowsiness, irritability and loss of
appetite were common in all 3 study groups. Irritability
preventing normal daily life was reported similarly in all
groups, in fewer than 6% of the children. Drowsiness pre-
venting normal activity or complete loss of appetite was not
recorded after any dose during the 8-day routine follow-up
(Table 5).

Fever reactions (>38°C) were more frequently re-
corded during the primary series of Pn-PD (27.5-49.0%) than
during the primary scrics of hepatitis B vaccine (9.6-27.5%).
Fever reactions seemed to increase by age and were recorded
in all vaccine groups more often after the fourth than after the
first vaccinalion (Tablc 5).

DISCUSSION

We found that the 11-valent Pn-PD conjugate vaccine
was immunogenic and safe in infants, Three doses of Pn-PD
induced a clear antibody response when compared with a
control vaccine. After the fourth dose of the Pn-PD, there was
a significant booster response as shown by the higher Pn-PD
and PncPS response observed in the primed groups 1 and 2,
than the Pn-PD response observed in the unprimed study
group 3.

Three doses of Pn-PD induced similar immune re-
sponses in the current study as in a previous study in the
Philippines, using a 6-10-14-week immunization schedule.”
The immune response was comparable with other experimen-
tal pncumococcal conjugate vaccines studied in infants in
Finland. There are, however, notable serotype specific differ-

. . . . -2
ences in antiboily profiles among various vaccines®2*=7; cg

after 4 doscs of pncumococcal conjugate vaccine, gcometric
mean I1gG concentration to serotype 18C varied between 1.41
and 7.8 pg/ml depending on the vaccine.

Children in group 3 reccived their first dose of Pn-PD
at 12-15 months of age. The antibody concentrations mea-
sured in these children indicate 2 results: (1) even | dose of
Pn-PD can induce an antibody increase in toddlers for most of
the 11 serotypes but not for types 6B and 23F; (2) antibody
concentrations were significantly Jower than afier 4 doscs of
the Pn-PD.

Children in group 2 received PncPS vaccine after 3
doses of Pn-PD. PncPS boosting is believed to give informa-
tion about the development of B cell memory and to mimic a
natural contact with pneumococcus. The antibody concentra-
tions were high for all serotypes, even higher than after the
Pn-PD booster. Hence we can assume that Pn-PD evoked the
development of memory B cells that were then triggered by
PS for antibody production. The significantly higher anti-
pneumococcal antibody concentrations induced by PncPS
booster than by Pn-PD booster might be caused by the higher
PS content in the PncPS than in the Pn-PD vaccine. The same
has been reported carlicr with other pneumococcal conjugate
vaccines.'*2%2 In any case, it is apparent that the 3 doses of
Pn-PD primed the children cfficiently, except for serotype 3.

Previous studies have shown that (here is a brisk anti-
body response on days 7-10 to a booster vaccination with
cither PncPS or a conjugate vaccine.'>*® We wanted to sce
whether the antibody increase can be seen even carlier, To

TABLE 5. Systemic Reactions During 8-Day Follow-up Period After Each Vaccination (an Adverse Event That

Prevents Normal Everyday Activities) by Subject.

Group 17 Group 2 Group 3
Adverse Lvent* Vaccination
Any (%) Grade 37 (%) Any (%) Grade 3 (%) Any (%) Grade 3 (%)

Drowsiness 1 76.5 0 58.8 0 50.0 0

2 39.2 0 25.5 0 32.7 0

3 43.1 0 23.5 0 23.5 0

4 47 0 49.0 0 66.9 0
Irritabilily 1 78.4 5.9 74.5 5.9 59.6 38

2 64.7 0 58.8 39 50.0 5.8

3 62.7 3.9 54.9 0 41.2 0

4 74.5 0 66.7 2 78.4 3.9
Loss of appetite 1 39.2 0 35.3 0 21.2 0

2 37.3 0 21.5 0 13.56 0

3 373 0 25.5 0 33.3 0

4 35.3 0 39.2 . 0 37.3 0

=38°C (%) >39°C (%) =38°C (%) >39°C (%) =38°C (%) >39°C (%)

Fever 1 33.3 2.0 35.3 3.9 13.6 0

2 27.5 2.0 37.3 11.8 9.6 0

3 49.0 5.9 373 0 27.5 3.9

4 41.2 3.9 45.1 9.8 43.1 5.9

*Drowsiness nnd ivritability were considered to be of grade 3 intensity if they prevented normal activity. Loss of appetite was considered to be of grade 8 if the child was not eating

at all,
TWor groups 1, 2 and 3, see Table 1.
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this end, we took a blood sample on day 4 after vaccination
at 12—15 months, but the antibody concentrations were still
essentially the same as before the 4th vaccination. Thus no
antibody response could be seen as early as 4 days after
vaccination although a clear cut booster response was dem-
onstrated at 28 days. This indicates that serum samples taken
at 4 days arc not useful for evaluating the immune responses
after booster vaccination.

The local and systemic reaction rates after vaccination
with Pa-PD were similar to those scen in Finnish infants
vaccinated with other pneumococcal conjugate vaccines.>?®
As with other pneumococcal conjugate vaccines, administra-
tion of Pn-PD was followed by local reactions and fever more
often than was administration of hepatitis B vaccine. PncPS
given after 3 doses of Pn-PD was relatively rcactogenic:
redness and swelling with a diameter of >30 mm were seen
in 13.7 and 7.8%, respectively; and fever higher than 39°C
occurred in almost 10%. This is noteworthy because in a
previous study,”® PncPS, when given after 3 doses of a
7-valent pneumococcal polysaccharide-meningococcal outer
membrane protein complex conjugate vaccine, caused red-
ness and swelling exceeding 25 mm in fewer than 1% and
fever higher than 39°C in fewer than 1% of the vaccinces.

Well-characterized and predictive laboratory correlates
arc needed because of the expense, difficulty and ethical
issucs involved in conducting further efficacy frials. The
measures for predicting the efficacy of a vaccine are difficult
to estimate. At the moment, a threshold antibody concentra-
tion of =0.35 pg/ml (determined without adsorption with
22F polysaccharide) after the primary series has been pro-
poscd as a primary endpoint when comparing a new pneu-
mococcal conjugate vaccine with a licensed vaccine.'® In this
study, almost 100% of the children achieved the 0.35 pg/ml
threshold concentration of antibodies to 9 serotypes after the
first 3 doses measured with the non-22F EIA. As for sero-
types 63 and 23F, ~90% of infants achicved this concentra-
tion. The functional activity (opsonophagocytic activity and
avidity) and the ability to induce immunologic memory are
important sccondary endpoints.'”** The opsonophagocytic
activity of the Pn-PD antibodies in our subjects will be
reported later.

We have shown that a novel 1l-valent vaccine is
well-tolerated and immunogenic. Presently there is only |
licensed pneumococcal conjugate vaccine available for gen-
eral use. The licensed vaccine contains 7 pneumococcal
scrotypes and an increase in the coverage would be beneficial
in many countries. The efficacy of this vaccine against acute
otitis media caused by vaccine serotypes and by nontypable
H. influenzae is now tested in the Czech Republic and in the
Slovakian Republic. In the Czech Republic, an 11-valent
vaccine would cover 75% of the pneumococcal acute ofitis
media instead of a 51% coverage of a 7-valent vaccine.>® The
shortage in the supply of the licensed vaccine®'32 supports

© 2004 Lippincott Williams & Wilkins

further the need for licensure of new pneumococcal conjugate
vaccines in the market,
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A RANDOMIZED, PLACEBO-CONTROLLED STUDY TO EVALUATE THE
IMMUNOGENICITY OF AN 11-VALENT PNEUMOCOCCAL PROTEIN D CONJUGATE
VACCINE ADMINISTERED AS PRIMARY VACCINATION TO INFANTS AT 6,10 AND 14
WEEKS OF AGE

S.R. Gatchalian', C. Borja-Tabora', N.R. Bermal!, M.H. Hohenboken?, P. Peeters?

1Research Institute for Tropical Medicine, Philippines; 2SmithKline Beecham Biologicals,
Belgium

Objective: To assess immunogenicity of an eleven-valent pneumococcal (11-Pn) f
influenzae Protein D (PD) conjugate vaccine in infants.

Method: 300 subjects were randomly allocated either to receive the 11-Pn-PD vaccine (SBBiologicals
or to serve as controls. Both groups also received concomitantly a DTPw-HBV/Hib vaccir
(SBBiologicals). 11-Pn-PD vaccine contains 1 pg of pneumococcal serotypes 1, 3, 4, 5, 6B, 7F, 9V, 1.
18C, 19F, 23F, conjugated to PD. Infants were injected at 6, 10 and 14 weeks of age. Sera we
collected immediately before dose I and one month after dose III. Anticapsular antibodies ar
opsonophagocytic titers were measured and reactogenicity was reported.

Results: One month post-dose I, 92 % to 100 % of subjects had titers > 0.5 pg/mL, excej
for anti-6B (82 %) and anti-23F (86 %). Moreover, 11 to 29-fold higher GMCs were observed i
vaccinees compared to controls. 57 % to 98 % of subjects who received 11-Pn-PD wer
seropositive for opsonophagocytic antibodies, compared to 0 % to 11 % for controls. Excej
for serotype 3, opsonophagocytic anti-Pn GMTs were 4 to 50-fold higher in subjects wh
received 11-Pn-PD than in controls. The immune responses induced by the concomitantl
administered DTPw-HBV/Hib vaccine were similar in both groups. Safety profiles were simil:
between both groups, and between 11-Pn-PD and DTPw-HBV/Hib.

Conclusion: 11-Pn-PD vaccine is immunogenic, well tolerated, and does not impa
immunogenicity of co-administered DTPw-HBV/Hib in infants.
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10-valent pneumococcal
nontypeable Haemophilus
influenzae PD conjugate
vaccine: Synflorix™
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The global burden of disease due to Streptococcus pneumoniae remains high. The licensed
7-valent pneumococcal conjugate vaccine (7vCRM, Prevenar™/Prevnar™) has successfully
reduced invasive disease in the USA, but serotype coverage is incomplete and some evidence
suggests that serotype replacement has occurred. Recently, a new 10-valent pneumococcal
nontypeable Haemophilus influenzae (NTHi) protein D (PD) conjugate vaccine (PHID-CV,
Synflorix™) has been licensed in more than 40 countries, including Europe, for the prevention
of invasive disease and acute otitis media (AOM) due to pneumococcus in infants and children.,
PHID-CV is immunogenic in infants when administered as a three-dose primary vaccination in
a range of schedules and has a safety profile comparable to that of 7vCRM. Additional serotypes
in PHID-CV (1, 5 and 7F) increase overall serotype coverage and improve coverage in specific
age groups and against specific disease syndromes. The use of the PD carrier, which provided
protection against AOM caused by NTHi in a large efficacy trial testing a prototype of the final
vaccine formulation, suggests that PHID-CV will also provide some protection against AOM

due to NTHI.

Kevworos: baoster immunization » Haemophilus influenzae * immunization » otitis ® pneumococcal conjugate

vaccine e Streptococcus pneumoniae

Streptococcus pnewmoniae is a major human
pathogen, causing infections of the respira-
tory tract and spreading to peripheral rissues
via the bloodstream (invasive pneumacoceal
disease [IPD]). S. pneumoniae is one of the

major causes of bacrerial meningitis in chil-.

dren, is a leading cause of bacrerial commu-
niry-acquired pneumonia and, along wirh
nontypeable Haemophilus influenzae (NTHi),
is the most common cause of bacrerial acure
otitis media (AOM) in children. According to
the WHO, pneumococcal disease is responsi-
ble for 700,000-1 million deaths annually in
children under 5 years of age (1. Most of these
deaths occur in children living in developing
countries {2,3}.

Invasive pneumococcal disease

Invasive pneumococcal disease manifests as
mcningiris, frank sepsis, bacteremic pneumo-
nia, joint or other local infections, and occult
bacteremia. In countries with widespread

vaccination against H. influenzae rype b (Hih),
S. pneumoniae and Neisseria meningitidis are
usually the major causes of bacrerial meningiris
in children aged 1 month or older, The highest
incidence of IPD is found ar rhe extremes of
age. In the USA, rthe incidence of IPD in chil-
dren under 1 year of age in 1998, prior ro intro-
ducrion of rourine vaccinarion against pneu-
mococcal disease, was 165 out of 100,000 (4].
The incidence in children 12-23 months of
age in 1998 was 203 out of 100,000. Reporred
IPD incidence rates vary substantially between
countries, most likely owing to differences in
outpatient blood culture collection pracrices
herween counrries [s-7). 1t is likely rhar 1PD
rates are within the same range across indus-
trialized countries, and are at least as high, or
higher in orher counrries 18,91. Much higher
IPD incidence rates have been reported among
indigenous populations in industrialized coun-
tries, such as Aboriginal Australians and Narive
Alaskans 10,11].
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Otitis media

Acure oritis media is a common childhood disease with the peak
age-specific attack rate occurring between 6 and 18 months of age.
Ttis estimared thar ar least 70% of AOM is bacterial in origin, with
*S. prneumnine and NTHi being the leading causes [i2]. Despire the
widespread use of anribiorics, complications of AOM still occur
and may include secrerory OM, mastoidiris and meningiris p13;.
In European counrrics, the reported AOM rates range berween
0.125 and 1.24 episodes per child-year [14-16], with the latrer figure
approaching rates reported in the USA 7). Otitis rates in indigenous
populations are distinctly higher than in other populations (18.19].

Pneumonia

Pnenmonia is the largest single infectious disease cause of infant
mortality globally (201. The incidence (episodes per child-year) of
pneumonia hefore the age of 5 years is estimated to be 0.05 in
indusrrialized countries, and almost six-times higher than this
(0.29) in developing countries (21,221, Norwirhsranding difficul-
ties in idenrifying the responsible etiological agent, pneumo-
coccus, along wich Hib, are generally believed ro be the major
bacrerial pathogens. In studics of vaccine effectiveness, vacci-
nation with 7-, 9- or 11-valent pneumococcal conjugare vac-
cines (PCVs) reduced radiologically diagnosed pnenmonia by
20-37% [23-26].

Given its role as a major cause of AOM in children, an etio-
logical role for NTHi in other infections of the respirarory tract
scems likely, NTHi has accounred for 11% of pnenmonia cases
“in children, second after S. pneumoniac (33%) (271, although rhe
available evidence suggests that there is regional variation in its
importance as a lower respiratory pathogen [27-291.

Licensed pneumococcal conjugate vaccines

To dare, two vaccines have been licensed for use: a seven-valent
PCV containing polysaccharides from serorypes 4, 6B, 9V, 14,
18C, 19F and 23F, all conjugated to the murated nontoxic diph-
theria toxin (ZvCRM; Prevenar™ or Prevnar™) from Wyeth
Lederle S.A. (Peart River, NY, USA) and the 10-valent PCV
(PHID-CV, Synflorix™) from the GlaxoSmirhKline (GSK)
group of companies, Belgium.

After the introduction of 7vCRM inro the US vaccination
calendar in 2000, IPD was reduced by 77% in children under
5 years of age compared with prevaccination levels (30-33], and
hospiral admissions due to all-cause pneumonia declined by 39%
in children under 2 years of age, wirh an esrimared 65% decline
in hospiralized pnenmonia coded as pneumococeal infection in
this age gronp [(34].

Why develop a new 10-valent pneumococcal vaccine?
There are at least 91 immunologically distiner pneumococcal
scrotypes, of which 10-15 are implicared in the vast majority of
‘invasive disease worldwide [3s]. Although rhe serorypes included
in 7vCRM are estimated to already cover 80-90% of serotypes
causing IPD in young children in North America and Australia,
this decreases to 70-75% in western Burope and Africa, and ro
only 50~65% in Latin America and Asia [35-38,201].

Serotypes not found in 7vCRM appear to play an impor-
tant role in cerrain disease syndromes and in some age groups.
Serotypes 1, 5 and 7F in particular have heen associared wirh
severe clinical syndromes [39-41], and rhe risk of severe discase and
dearh due ro pneumococcal infection has been found to be among
the highest following serotype 7F infection [42). Serorype 1 is
implicated in complicared pnenmonias and pleural empyema in
children 140.43-461, is commonly isolared in children over 2 years of
age, and is an imporrant cause of IPD in Asia and Africa [35.47-49).
Serotype 5 is the third most important serorype cansing 1P in
young children in Latin America [35.38).

The recently licensed 10-valent PCV PHiD-CV includes
three additional serorypes (1, 5 and 7F) and rherefore increases
the serotype coverage against IPD to 80% or more in most
regions [35.37.2011, including the serotypes responsible for disease
in older children [so51).

Availabiliry of a second PCV will also contribute to increasing
global supply and improving coverage in developing countries for
which the WHO recommends routine vaccination of children
with PCV [11. However, as of 2008, only 26 our of 193 WHO
member states included PCVs in their vaccinarion programs [30],
and in 2009 only one of the 72 Global Alliance for Vaccines and
Immunisation-eligible countries provides PCV [201.202).

Why select a new carrier protein?

Coadministration of vaccines conjugared to a prorein carrier
similar ro an anrigen included in the coadministered vaccing has
been linked with immune suppression due ro carrier-mediated
epitopic suppression or bystander interference [s2:53]. The use
of the novel protein D (PD) carrier protein instead of carrier
proteins closely related ro coadministered anrigens rherefore
minimizes the risk of interference related to the carrier pro-
tein and, importantly, by virtue of its antigenic properties, may
prevent AOM due ro NTHi. A direer prorecrive effect of PD
on AOM caused by NTHi has been demonstrated in children
vaccinared with an 11-valent PCV thar was the predecessor to
PHID-CV pa4.

The inirial 11-valenr PCV (11Pn-PD) conrained serotype 3 in
addirion to the ten serotypes in PHiDD-CV. 1 pg of polysaccharide
for each of the 11 serorypes conrained in 11Pn-PD was conjugared
to PD. A large, randomized, double-blind, placebo-conrrolled
Pnenmococcal Otitis Efficacy Trial (POET) was conducted in
Europe between 2000 and 2004 {14]. Infants reccived 11Pn-PD
or the heparitis A control vaceine at 3, 4, 5 and 12—15 months of
age. Follow-up for according-to-protocol vaccine efficacy began
2 weeks after dose rhree and conrinued until 24-27 months of
age. A roral of 4968 infants were enrolled and vaccinated, of which
2489 received 11Pn-PD.

POET was the first study to demonstrate a staristically sig-
nificant and clinically relevant prorecrive effect of vaccina-
tion on the overall AOM disease burden (33.6% reduction;
95% CI: 20.8~44.3). AOM episodes caused by S. pneumonine
vaccine serotypes were reduced by 57.6% (95% CI: 41.4-69.3)
and AOM episodes caused by NTHi were reduced by 35.3%
(95% CI: 1.8-57.4).
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These results confirm the potential of the PD carrier protein
10 exert a profective immune response against disease due ro
N'I'Hi, and indicate that PD functions well as a carrier protein
for pncumococcal polysaccharides, because consistent functional
and boosrable immune responses are induced afrer immuniza-
tion for all conjugated serorype polysaccharides conrained in

PHID-CV p4s4).

Introduction to PHiD-CV
Composition & indications
PHiID-CV contains 1 pg of each capsular polysaccharide of 1the
pneumococcal serotypes 1, 5, 6B, 7F, 9V, 14 and 23F, and 3 pg
of serotype 4, conjugared individually ro PID, a recombinant non-
lipidated form of a highly conserved 42-kDa cell-surface lipo-
protein of NTHi; 3 pg of serorype 18C capsular polysaccharide
conjugated 1o tetanus toxoid; and 3 pg of serotype 19F capsular
polysaccharide conjugated to diphtheria toxoid. The rotal polysac-
charide conrent of rhe vaccine is the same as that of 7ZvCRM,
despite the additional serotypes present. The pnenmococcal
conjugates are adsorbed onto an aluminium phosphare adjuvanr.
PHiD-CV has been licensed in Europe via the cenrralized pro-
cedure (inder the name Synflorix) and in several orher countries
around the globe, and regulatory review is ongoing elsewhere.
Depending on local regulatory approvals, PHiD-CV can be indi-
cared for acrive immunizarion against diseases caused by S. preu-
moniae (including sepsis, meningitis, pneumonia, bacreremia and
AOM) and against AOM caused by N'THi. Given thar PHiD-CV
is mainly licensed based on immunological dara, some regularory
authorities granted licensure with more restricred indicarions,
pending availability of additional clinical data. In infants, the
primary vaccination schedule consists of rhree 0.5 ml doses with
an interval of ar least 1 month berween doses. A boosrer dose is
recommended 6 months afrer the last priming dose, preferably
berween 12 and 15 months of age. In infants aged 7-11 monrths
the vaccinarion schedule consists of rwo doses of 0.5 ml wirh
an interval of ar least 1 month berween doses, and a third dose
recommended in the sccond year of life with an interval of at
least 2 monrths afrer the previous dose. In children 12-23 months
of age, two doses should be given with an interval of ar least
2 months between doscs. The need for a booster dose after this
immunizarion schedule has not been evaluared.

Changes to the first formulation

Three key changes were made o 11Pn-PD rested in previous
clinical trials [1455). In the final PHiD-CV formulation, the
carrier protein for serotype 18C polysaccharide was changed ro
teranus toxoid and the carrier protein for serotype 19F polysac-
charide was changed ro diphtheria roxoid. In addition, ir was
decided that serotype 3 should be removed from the vaccine,
since protective efficacy against pneumococcal serorype 3 AOM
episodes could not be demonsrrated in the POET study. Another
reason for removing this serotype was due to the observation
of an atypical immune response against serorype 3, for which
postboosrer antibody concentrations remained below those
measured postprimary and even significantly below serotype 3

antibody concentrations measured after a single dosc of conjugare
vaccine in the second year of life (55.56). In addirion, functional
opsonophagocytic activity against serorype 3, although meas-
urable following primary immunization and inducing a good
booster response, did not correlare with clinical protection [57).
The parricular characteristics of S. pnewmoniae serotype 3 thar
appear to reduce irs snscepribiliry to host defense mechanisms
have recently been reviewed [57).

Overview of studies conducted with PHID-CV

Published immunogenicity, reactogeniciry and safety data of
PHiD-CV summarized in this review have been generared in five
primary vaccination studies, including large-scale randomized,
controlled clinical rrials, involving in rotal 3806 healthy infants
receiving PHiDD-CV of which 2949 were evaluated for immuno-
genicity (Tane 1). PHiD-CV booster data are reviewed from three
studics involving 2801 healrhy toddlers receiving a PHID-CV
booster duse, of which 1577 were included in immunogenicity
evaluations (Tanr 2). Studies were conducted in industrialized
and developing conntries in Europe and Asin. Commonly used
three-dose primary vaccination schedules were utilized, including
the WHO Expanded Program on Immunization recommended
schedule of dosing at 6, 10 and 14 weeks of age. The two-dose
primary vaccination schedule followed by a booster dose (2 + 1
schedule) used in some Northern European countries and Traly,
was also assessed.

Studies with vaccine control groups were double-blind unless
there were differences in the appearances between PHiD-CV and
the control vaccine, in which case the study was single-blind. All
enrolled infants and children were in good health and had no
previous pneumococcal disease or exposure ro pneumococcal vac-
cines. In line with rourine clinical pracrice, commonly recom-
mended pediatric vaccines were coadminisrered wirh PHiD-CV
in all srudies.

Immune responses following PHiD-CV primary &
booster vaccination
Methods used to measure pneumococcal immune responses
Vaccine-induced protection against 8. preumoniae can he con-
ferred by antibodies dirceted against the polysaccharide capsule
thar facilirare phagocyrosis via opsonization of the parhogen.
It is generally accepted that protection against IPD is achieved
when circula;'ing antibodies reach a minimal level (58-60).
Immunological thresholds have been pur forward as licensure
criteria for demonstration of noninferiority of the immune
response induced by a new candidare vaccine compared with
a licensed vaccine with proven efficacy {611, These licensure
criteria reflecr the minimum crireria required ro guaranree suf-
ficient protective efficacy. Different vaccines have been licensed
in the past based on such criteria (c.g., Hib conjugare and
meningococcal conjugate vaccines), despire differences in the
immunological profile.

A consensus on licensure criteria for vaccine-induced protection
against IPD was reached at a WHO Experr Commirree meeting
in 2003 {61) and was recently confirmed jé2]. The primary criterion

Ww w‘experr-reviews,com
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001 Finland, France 23,4 PHD-CV DTPa-HBV-IPV/Hib® 1235 1108 20203 [0l
NCT00307554  Poland 7VCRM DTPa-HBV-IPV/Hib* 415 376 8.8(2.00)
o Germany 2,46  PHD-CV DTPa-HBV~IPV/Hib + MenC-CRMS 385 7 8.0(2.23) 7
NCT00334334  Poland PHID-CV DTPa-HBV-IPV/Hib + MenC-TTS 387 178 8.1(213)
Spain PHID-CV DTPa-HBV~IPV + HibMenC-TT 386 175 8.1(2.19)
7VCRM DTPa-HBV-IPV + HibMenC-TT 390 174 8.1 (237
012 Poland 2,46  PHD-CV DTPw—HBV/Hib + 1PV 303 285 740150 172
NCT00344318 _ WCRM DTPw-HBV/Hib + IPV 13 9% 7.6(1.57)
0109 Czech Republic 3,4,5  PHID-CV(NPP) DTPa-HBV-IPV/Hib (+HRV at3and 2337 227 123@21) B
NCT00370318 4 moniths)
PHID-CV(PP)  DTPa—HBV—IPV/Hib (+HRV at 3 and 226 208 12.2 (2.06)
4 months)
002 Denmark, Norway 3,50r PHID-CV DTPa~HBV~IPV/Hib# 175 158 12.0(1.91) 73
NCT307034 Slovakia, Sweden 3,45 176 154 12.2 (1.90)
|z it sy th i _ ]
012 The Philippines 15,25, PHID-CV DTPW~HBV/Hib + OPV 300 285 75(1.65) 172
35
NCT00344318 7vCRM DTPw-HBV/Hib + OPV 100 95 7.4(1.52)

“Pneumococcal responses. .

*In France, the second pneumococcal vaccine dose was coadministered with DTPa-IPV/Hib.

SMenC-CRM and MenC-TT were only administered at 2 and 4 months of age.

Subjects in study 010 were randomized to receive prophylactic paracetamol with and soon after vaccination (PP group) or to receive no paracetamol prophylaxis (NPP group); see footnote of TasLe 2 for details of
coadministered vaccines.

*DTPa-{PV/Hib was administered in Denmark and Norway.

7vCRM: 7-valent pneumococcal conjugate vaccine; DTPa-HBV-IPV/Hib: Diphtheria~tet: ellular pertussis-hepatitis B vi inactivated polio virus/+ type b vaccine;

DTPw-HBV/Hib: Diphtheria—tetanus-whole-cell pertussis-hepatitis B virus/H. influenzae type b vaccine; HibMenC-TT: H. influenza type b-Neisseria meningitidis serogroup C~tetanus toxoid vaccine; NPP: No
paracetemol prophylaxis; OPV: Oral polio vaccine; PHID-CV: 10-valent pneumococcal nontypeable H. influenzae (NTH) protein D (PD) conjugate vaccine; PP: Prophylactic paracetamol; SD: Standard deviation.
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007 (Booster 001) Finland ~ 12-18 PHID-CV DTPa-HBV-IPV/  PHID-CV DTPa-HBV-IPV/Hib 737 343 153(2.08) (0
Hib
NCT00370396  Poland TvCRM DTPa-HBV-IPV/  7vCRM DTPa—HBV-IPV/Hib 92 91 14.2(2.27)
Hib
France 7vCRM DTPa—HBV-IPV/  PHID-CV DTPa—H8V-IPV/Hib 283 134 14.2(2.24)
Hib
017 (Booster 011) Germany, 11-18 PHID-CV DTPa-HBV-IPV/  PHID-CV DTPa-HBV-IPV/ 359 158 14.2(1.68) [7)
NCT00463437  Poland, Hib + MenC-CRM Hib* + MenC-CRM
Spain
PHID-CV DTPa-HBV-IPV/  PHID-CV DTPa~HBV-IPV/ 363 160 14.2 (1.68)
Hib + MenCTT Hib*+ MenCTT
PHID-CV DTPa-HBV-IPV  PHID-CV DTPa—HBV-IPV* 358 161 14.2(1.68)
+ HibMenCGTT + HibMenCTT
TVCRM DTPa-HBV-IPV  7vCRM DTPa~HBV-IPV* 357 156 14.2(1.72)
+ HibMenC-TT + HibMeqC-TT
0145 Czech  12-15 PHID-CV (NPP)  DTPa—HBV-IPV/  PHID-CV (NPP)  DTPa—HBV-IPV/Hib 172 168 12.7(0.77) 13
{Booster 010) Republic Hib + HRV
NCT00496015
PHID-CV(PP)  DTPa—HBV-IPV/  PHID-CV(PP)  DTPa-HBV-IPV/Hib 178 141 12.6(0.77)
. Hib + HRV .
002 Denmark, 11-12 PHID-CV(three DTPa-HBV-IPV/  PHID-CV DTPa-HBV—IPV/ 175 158 11.1(0.61) (731
(Booster phase) ~ Norway, doses) Hibs Hib?
NCT307034 g“’"zk'a' 11-12 PHID-CV (two  DTPa-HBV-IPV/  PHID-CV DTPa-HBV-IPV/ 176 154 11.2(0.63)
weden doses) Hibs Hib?

"Pneumococcal responses.

*Subjects in Spain received a booster dose of DTPa-IPV/Hib or DTPa-IPV,

$Subjects in study 014 were randomized before the protocol amendment (subjects after protocol amendment not shown) to receive prophylactic paracetamol with and soon after vaccination (PP group) or to receive
no paracetamol prophylaxis (NPP group).

“DTPa-IPV/Hib was administered in Denmark and Norway.

Coadministered vaccines were manufaciured by GSK except where indicated: DTPa~HBV-IPV/Hib = Infanrix hexa™; DTPa—HBV-IPV = Infanrix™ penta/Pediarix™; DTPa-IPV/Hib = Infanrix™ IPV Hib;

DTPa-IPV = Infanrix™ IPV; DTPw-HBV/Hib = Tritanrix™HepB/Hib; IPV = Poliorix™; OPV = Polio Sabin™; HibMenC-TT = Menitorix™; HRV = Rotarix™; MenC-TT = NeisVac-C™, Baxter Healthcare SA;

MenC-CRM = Meningitec™, Wyeth Lederie Vaccines.

7vCRM: 7-valent pneumococcal conjugate vacdi Pa—HBV-1PV/Hib: Diphtheria-tatai ellular pertussis-hepatitis 8 virus-inactivated polio virus/Haemophilus influenzae type b vaccine; DTPw: Diphtheria—
tetanus-whole-cell pertussus vaccine; HibMenC-TT: H. influenza type b-Neisseria meningitidis serogroup C-tetanus toxoid vaccine; NPP: No paracetamol prophylaxis; OPV: Oral polio vaccine; PHiD-CV: 10-valent
pneumococcal nontypeable H. influenzae protein D conjugate vaccine; PP: Prophylactic paracetamol; SD: Standard deviation.
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was based on the percentage of vaccinated subjects who reached a
reference serorype-specific IgG anribody concentration of at least
0.35 pg/ml, as measured by ELISA applied during 7vCRM effi-
cacy rrials in the USA and South Africa. Although this threshold
is sometimes referred ro as the ‘purarive protecrive anribody con-
centration’, variability berween studies, serotypes and individuals
has hampered the definition of a real individual correlare of pro-
tecrion. Therefore, the predefined rhreshold should nor be used
as an absolure measure of protection, but only as a compararive
threshold for immune responses between different vaccines asan
indication of rclative protection at the population leve! compared
‘with a vaccine for which efficacy has been documented.

Antipolysaccharide IgG anctibody measurements by ELISA
are influenced by a number of factors, such as the puriry of the
polysaccharides used ro coar the ELISA plares and the imple-
mentation of specific process steps to increase the specificity of
the antibody measurements. Preadsorption of sera with the com-
mon cell wall polysaccharide as well as with heterologous 22F
polysaccharide is now recommended to increase the specificity of
ELISA (63.64). This preadsorprion method (22F ELISA) is rhere-
fore employed by most laborarories, including the WHO refer-
ence laboratory and GSK Biologicals’ laboratories in Belgium.
An antibody concentration of 0.35 pg/ml, as measured with the
non-22F ELISA at the WHO reference lab, was shown ro cor-
respond ro a concentration of 0.20 pg/ml using GSK Biologicals’
22B-inhibition ELISA 6s).

Secondary criteria for licensure include demonstrarion of
the funcrional capaciry of anribodies through measurement of
opsonophagocytic activity (OPA) (@1). The biological function
of vaccinc-induced antibodies ro bind to the pnenmococeal sur-
face and ro induce complement acrivarion and phagocyrosis of
the pneumacoccus by polymorphonuclear lenkocytes can be

measured in vitro in an OPA assay. Data from clinical trials
show berrer correlations berween 7vCRM vaccine effecrivenesss
against IPD (32 and measurable OPA (percentage of subjects
with an OPA titer >8) compared with rhe percentage of subjecrs
reaching rthe 0.2 pg/ml 22F-ELISA rthreshold (tamz3). OPA is
rherefore considered to be the most reliable correlare of pro-
rection [58,60,66]. GSK Biologicals developed and validated an
OPA killing assay using a HL 60 cell line [67.68) and the resulis
are expressed as the dilution of serum (opsonic riter) needed ro
sustain 50% killing of live pnenmococci under assay conditions.

Secondary licensure criteria also require demonstration of the
induction of immunological memory following primary vaccina-
tion wirth PCVs, singe inducrion of memory is considered a key
feature that differentiates conjugare from simple polysaccharide
vaccines [69).

Immune responses following three-dose primary

vaccination studies

Dara are available from five studies evaluating immune responses
following three-dose primary vaccination with PHiD-CV in
healthy infants, including three studies with a 7ZvCRM conrrol
group (Tame .

Geometric mean concentrations (GMCs) for antibodies againsr
pneumococcal serorypes contained in both vaccines rended to be
higher in the 7vCRM groups compared with the PHiD-CV groups,
with the exception of antibodies against serorypes 18C (within the
same range for both vaccines) and 19F (higher in the PHiD-CV
groups in several studies). The percentage of subjecrs with anri-
pneumococcal antibody concentrations 0.2 pg/ml or higher was,
however, within the same range in PHID-CV and 7vCRM groups
for each of the vaccine serotypes, excepr for serorypes 6B and 23F,
which tended to be lower in the PHiD-CV groups (Tanx 4).

Table 3. Correlation between IgG antibody responses and opsonophagocytic activity titers following
three-dose primary vaccination with 7ZvCRM, and 7vCRM vaccine effectiveness against invasive

ococcal disease.

i

% @)

4 734 100 100-100

68 732 -85 83-88
9V 734 100 99-100
14 734 100 99-100
18C 734 99 98-100
19f 736 99 98-100
23F 734 95 93-96
6A 450 52 47-57
19A 45] 32 28-37

‘CDC case control {32].
*Pooled data of 7vCRM vaccinees from studies 001 {70, 011 [77} and 012 [72].

93 65-99 334 100

99-100

94 77-98 332 95 92-97
100 88-100 331 100 98-100
94 81--98 338 98 95-99
97 85-99 331 99 97-100
87 65-95 331 91 88-94
98 80-100 327 99 97-100
76 39-90° 275 78 72-83
26 -45~62 279 2 1-4

7vCRM: 7-valent pneumococcal conjugate vaccine; Cl: Confidence interval; N: Number; OPA: Opsonophagocytic activity,
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For common serorypes, OPA geometric mean titers (GMTs)
were higher in 7vCRM groups than PHID-CV groups, wirh some
exceptions, most notably serorype 19F for which OPA GMTs were
consistently higher afrer PHID-CV priming. The percentage of
subjects who achieved an OPA tirer of 8 or more was, however,
within the same range for all common serotypes. OPA seroposi-
tivity was usually lower for serotype 1 compared wirh the orher
serorypes (Tasie 5).

Noninferiority of PHID-CV compared with 7vCRM

In line with the WHO licensure criteria, rhe primary objec-
tive of study 001 [70) was ro demonstrate noninferiority of
immune responses following PHiD-CV (n = 1108) compared
with 7vCRM (n = 376). Noninferiority in terms of the percent-
age of subjecrs achieving rhe 0.2 pg/ml anribody concentra-
tion was demonstrated for eight out of ten vaccine serotypes.
Despite a grearer than 10% difference in the percentage of sub-
jeers achieving rhe 0.2 pg/ml antibody concentration against
serotypes 6B and 23F, high functional OPA responses were
measured for all common serorypes, wirh limired differences
between groups in the percentage of subjects with OPA rtir-
ers of 8 or more, including serotypes 6B and 23F. This is of
particular relevance since ELISA IgG antibody measurements
may underestimare the serorype-specific effectiveness for sero-
types 6B and 23F [671. The biological acrivity of antibodies
against serotypes 6B and 23F was previously documented in
the POET study with a clinical efficacy of 87.6% (95% CI:
58.4-96.3) and 72.3% (95% CI: 24.8~89.8) against serorype
6B and 23F AOM, respectively, using the predecessor 11Pn-PD
vaccine containing the same 6B~PD and 23F-PD conjugares
as PHiD-CV p4). In addition, since the antibody levels needed
for protection against OM are likely to be higher than those
needed for protection against 1PD (71}, it is unlikely rhar the
lower antibody responses against 6B and 23F ohserved following
vaccination with PHiD-CV indicate reduced efficacy against
these serotypes.

Immune responses with the 6-, 10- and 14-week immunization
schedule in the Philippines

The accelerated immunization schedule advocated by the W110
was specifically assessed in the Philippines [72). In this study,
PHID-CV or 7vCRM were coadministered ar 6, 10 and 14
weeks of age with a whole-cell perrussis-based combinarion vac-
cine (diphtheria—teranus—whole-cell pertussis—hepatitis B virus
{DTPw—HBV/Hib]). Antipneumococcal antibody and OPA
responses in ]’hi]ippino infants (Tames s & 6) were snbsl:nm‘ial]y
higher for all serotypes compared with the response measured
in European infants, including a group of infants vaccinated
in the same study at 2, 4 and 6 months of age with PHiD-CV
coadministered with DTPw-HBV/Hib in Poland (72). For
the common serotypes, antibody GMCs and OPA GMTs
against serorypes 18C and 19F were substantially higher in the
PHiD-CV group compared with the 7vCRM group, whereas
the OPA GMT against serotype 23F was significantly higher in
the 7vCRM group.

Synfiorix™ %4“

Booster vaccination studies
Immunogenicity dara following a fourth consecurive (booster)
dose of PHID-CV are available from four studies (ramz2). Robust
increases were obscrved from pre- to postboasrer in terms of anti-
body GMCs (berween a 4- and 16.7-fold increase) as well as
OPA GMTs (berween a 3.9- and 103.6-fold increase), surpassing
posrprimary levels for each serorype and rherefore indicaring
effective priming during the infanr immunizarion course,
Opsonophagocytic activity titers of 8 or more were observed
in more than 90% of subjects against all serorypes, with the
exception of a somewhat lower response in one study against
serotype 1 (77.8%) (Tame7). Postbooster OPA riters tended to be
lower in PHiD-CV groups compared with the 7vCRM primed
and boosted subjects, with the exception of serorypes 18C and
19F, for which OPA GMTs were comparable (18C) or higher
(19F) in PHiD-CV groups compared with 7ZvCRM groups.

Interchangeability of the booster dose

In study 007 [70), a random subset of children primed with three
doses of 7vCRM received a PHID-CV hooster dose in their second
year of life. Tn this group, the percentage of subjects with anri-
body concentrarions of 0.2 yg/ml or more and the percenrage of
subjects with OPA titers of 8 or more for the common serotypes
were within the same range as thar observed in 7vCRM primed
and boosred subjects. Boosting was also evidenr from increases
in CMC/GMT post:lmosrcr, although antibody GMCs and OPA
GMTs rended to be higher following the 7vCRM boosrer dose for
the common serorypes.

For serotypes 1, 5 and 7F, ELISA antibody and OPA responses
were substantially higher compared with the group thar reccived
primary and booster vaccinarion with 7vCRM. Antibody GMCs
and OPA GMTs did not, however, reach the same levels as those
observed after a fourth consecutive PHiD-CV dose. It is not clear
wherher a single booster dose of PHID-CV in rthe second year of
life will be sufficient ro confer protecrion against diseases due ro
serotypes 1, 5 and 7F.

These dara demonstrate that a booster dose of PHID-CV in
7vCRM-primed children induces an adequate immune response
to the seven 7vCRM serotypes, and a madest response to the three
new serotypes as an addirional beneftr.

Two-dose primary plus booster vaccination

Immunogenicity following a rwo-dose PHiD-CV primary vac-
cination ar approximately 3 and 5 months of age followed by a
hooster dose at 11-12 months (2 + 1 schedule) was compared with
a conventional three-dose priming (ar 3, 4 and 5 months of age)
plus booster vaccination (3 + 1 schedule) in study 002 [73]. The per-
cenrage of rwo-dose primed subjects with antibody concentrations
of 0.2 pg/ml or more was within the same range compared with
the percentages observed following three-dose primary schedules
studied in Europe for all serotypes, except 6B and 23F for which the
percentage of subjecrs with antibody concentrations of 0.2 pg/ml or
more was 55.7 and 69.3%, respectively (Tama4). These percentages
are comparable to the serorype 6B resulrs measured 2 months after
the second dose of PHiD-CV administered at 2 and 4 months of
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ATP cohort for immunogenicity, except ¢).

Table 4, IgG antibody responses against pneumococcal serotypes following primary vaccination (primary
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1 97.3

97.7

4.0 96.4 931 0.6 98.2 33

4 971 100.0 100.0 99.4 98.3 100.0 98.9 100.0

+5 99.0 1.9 100.0 100.0 98.8 2.4 98.9 2.1

68 65.9 79.0 94.1 88.6 87.3, 929 85.6 94.8
‘ 7F 93.5 4.5 100.0 99.4 98.8 3.0 100.0 5.2
9V 98.1 99.5 98.8 97.7 98.3 98.8 100.0 100.0

14 99.5 '99'5 100.0 100.0 100.0 994 100.0 100.0

18C 96.0 98.9 98.8 98.9 99.4 98.8 98.6 99.0

19F 95.4 99.2 98.2 99.4 98.8 100.0 98.9 99.0
[23F 81.4 94.1 959 96.0 92.5 94.1 94.4 99.0

1 1.05 0.03 1.15 1.09 1.00 0.03 1.04 0.03

4 1.45 2.78 1.88 1.96 1.70 2.78 1.64 2.4

5 1.70 0.03 1.96 1.87 1.69 0.03 1.62 0.03

68 0.33 0.59 0.96 0.85 0.71 1.32 0.73 1.23

7F 1.72 0.04 2.82 2.57 2.25 0.04 2.25 0.04

9V 1.32 2.68 1.77 1.72 1.58 3.7 1.51 2.70

14 2.90 4.49 3.75 3.79 3.36 5.97 3.31 5.23

18C 1.66 2.46 2.43 3.92 2.34 3.01 3.74 2.64
. 19F 1.84 3.42 4.93 4.7 3.81 2.56 5.30 2.38
«23F 0.53 1.34 1.30 1.20 0.96 2.46 (NN 2.20

‘n: Number of subjects in ATP cohort for immunogenicity with avaitable results for at least one serotype (the actual number of subjects tested can vary slightly for the

different serotypes, depending on the number of sera available).

'Subjects in study 010 were randomized to receive prophylactic paracetamol with and soon after vaccination (PP group) of to receive no paracetamol prophylaxis

(NPP group).
*Post-dose 2 subset based on booster ATP cohort for immunogenicity,

7vCRM: 7-valent pneumococcal conjugate vaccine; GMC: Geometric mean concentration; HibMenC-TT: Haemophilus influenzae type b-Neisseria meningitidis
serogroup C~tetanus toxoid vaccine; PHID-CV: 10-valent pneumococcal nontypeable H. influenzae protein D conjugate vaccine.

age instudy 011 (64.1%), and higher than the 30,8% 6B responses
following rwo doses of 7vCRM in thar same study (Tan: 4).

Study 002 was the first to report functional OPA responses for a
2+ 1 schedule. The percentage of subjects reaching an OPA riter of
8 or more following two primary PHiD-CV doses was within the
same range as the OPA response rate following a three-dose priming
for serorypes 1, 4, 9V and 14, bur was lower for the other serotypes
(Tane5). As with rhe antibody responses, lower OPA responses were
also measured 2 monrhs afier the second 7vCRM dosc in srudy 011,
especially for serotype 6B (34.9% with OPA titer >8) compared
wirh 62.8% 2 months after the second PHID-CV dose (Tams ).

Booster responses at 11--12 months of age were observed in the
2 + 1 group againsrall vaccine serotypes, although rhe percenrage
of subjecrs with postbooster antibody concentrations of 0.2 pg/ml
or more remained lower for serotype 6B following a 2 + 1 schedule
as compared with a 3 + 1 schedule (Tanie6). Posthooster OPA titers
rose substanrially for all serotypes in borh groups in study 002, bur
remained lower in the 2 + 1 group compared with those measured
inthe 3 + 1 group, particularly for serotypes 1, 5 and 6B (rans7).

The lower immunogenicity of the two-dose primary sched-
ule compared with rhe rhree-dose primary schedule is in line
with previous observarions with 7vCRM {74] and highlights the
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Table 4. 1gG antibody responses against pneumococcal serotypes following primary vaccination (primary
ATP cohort for immunogenicity, except ) (cont.).

Q B { nmm
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W
D) (n=58)

(=8

887 100

97.4

99.1 97.6 3.2 95.8 4.2
99.6 99.5 99.3 99.3 100 98.0 98.7 99.3
99.6 99.5 100.0 100 3.2 96.1 96.5 2.1
75.6 62.1 63.1 91.2 86.3 55.7 64.1 30.8
99.6 99.0 99.3 99.6 9.5 96.7 98.6 6.4
98.7 98.0 99.3 99.6 100 93.4 96.1 - 96.6
99.6 99.5 100.0 100 100 96.1 99.4 97.9
99.6 95.7 99.3 99.6 100 96.1 87.8 97.3
100.0 97.6 96.1 100 98.9 92.8 96.2 99.3
| 87.1 80.4 776 97.2 94.7 69.3 75.0 747
T *
1.45 0.92 1.23 3.23 0.03 1.03 0.76 0.03
2.13 133 171 4.96 5.68 137 1.24 197
2.04 1.42 1.85 4.87 0.03 132 118 0.03
0.46 0.26 0.31 119 1.06 0.19 0.28 0.12
216 1,57 2.14 4.84 0.05 1.28 127 0.05
1.48 1.03 1.47 4.04 5.07 0.92 0.94 2.20
3.57 2.30 2.57 6.45 5.88 172 213 2.54
2.65 119 3.42 11.56 3.71 1.26 121 178
5.59 3.46 4.43 10.46 4.68 2.43 2.08 215
0.76 0.49 0.52 2.23 2.28 038 0.42 0.44

‘n: Number of subjects in ATP cohort for immunogenicity with available results for at least one serotype (the actual number of subjects tested can vary slightly for the

different serotypes, depending on the number of sera available).

*Subjects in study 010 were randomized to receive prophylactic paracetamol with and soon after vaccination (PP group) or to receive no paracetamol prophylaxis

{NPP group).
SPost-dose 2 subset based on booster ATP cohort for immunogenicity.

7vCRM: 7-valent pneumococcal conjugate vaccine; GMC: Geometric mean concentration; HibMenC-TT: Haemophilus influenzae type b-Neisseria meningitidis
serogroup C-tetanus toxoid vaccine; PHiD-CV: 10-valent pneumococcal nontypeable H. influenzae protein D conjugate vaccine.

importance of the early booster dose when the 2 + 1 schedule
is employed.

Coadministration with other recommended pediatric vaccines

The immunogenicity of a wide range of pediarric vaccines was
evaluated when coadministered with PHiDD-CV and compared
with immune responses following their coadministration with
7vCRM as the standard of care ar the time thar the stud-
jcs were conducted (75.76). The following coadministered vac-
cines were evaluared: MenC-CRM (Meningirec™), MenC-TT
(NeisVac-C™), HibMenC=T"T" (Menitorix™), D'TPa=1PV/Hib

(Infanrix™ [PV Hih), DTPa=IPV (Infanrix™ IPV), DTPa—
HBV-IPV (Infanrix penta™ or Pediarix™), DTPa~HBV-
IPV/HIb (Infanrix hexa™), DTPw—HBV/Hib (Tritanrix™
HepB/Hib), OPV (Polio Sahin™), 1PV (Poliorix*™) and
HRYV (Rotarix™),

Immune responses to the coadministered vaccines were within
rhe same range when given with PHiD-CV or 7vCRM, with
the following exceptions: anti-tetanus and antipolyribosylribirol
phosphate anribody GMCs were both higher after PHID-CV
than 7vCRM coadministrarion, reflecring an immune-enhancing
effect of tetanus roxoid used as carrier protein for serotype 18C

W\V\V.EXPEI't-l’C\’iCWS.COn]
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Table 5. Opsonophagocytic activity against pneumococcal serotypes following primary vaccination

(prlmary ATP cohort for lmmunogemcuty, except 5),
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4.5 54.3

1 65.7

51.2

50.3 1.3 431 0.0

4 99.6 100 100 100 97.5 100 98.6 100
5 90.9 3.4 92.8 86.5 88.7 2.0 88.2 0.0
6B 92.4 95.5 87.8 847 81.8 97.4 84.1 89.8
7F 99.6 18.2 100 98.8 96.8 15.2 97.9 10.2
. Vv 100 100 99.3 98.7 100 99.3 100 100
+14 99.6 98.9 98.1 87.0 96.3 98.1 979 98.0
18C 936 95._5 96.8 98.2 91.7. 100 95.1 98.3
19F 87.7 921 98.1 939 94.3 90.5 99.3 » 91.8
939 97.7 95.2 94.9 90.4 99.3 92.3 100

1 25.3 4.7 239 18.8 18.7 4.2 14.8 4.0
4 7349 1010.4 697.4 755.6 669.8 926.2 602.9 513.0
5 59.9 4.5 91.7 71.4 774 4.2 67.2 4.0
6B 457.4 999.4 - 4581 4>04.6 354.2 1575.3 361.9 805.0
7F 2253.9 10.2 25133 2821.3 2290.5 8.7 2002.2 6.9
9V 1399.7 1233.3 1005.6 1108.8 1122.6 1305.0 1717 1166.0
14 1061.0 1890.6 797.8 879.0 779.9 1539.4 640.0 947.6
18C 130.1 212.3 174.9 282.8 142.7 212.8 174.9 127.0
19F 148.6 52.0 3875 2584 261.0 52.0 337.8 35.9
23F 1010.0 4412.9 1066.0 1219.6 880.7 5469.2 920.6 3895.4

“n: Number of subjects in ATP cohort for immunogenicity with available results for at least one serotype (the actual number of subjects tested can vary slightly for the

different serotypes, depending on the number of sera available).

'Subjects in study 010 were randomized to receive prophylactic paracetamol with
(NPP group).

SPost-dose 2 subset based on hooster ATP cohort for immunogenicity.

and soon after vaccination (PP group) or 1o receive no paracetamol prophylaxis

7vCRM: 7-valent pneumococcal conjugate vaccine; GMT: Geometric mean titer; MenC-TT: Neisseria meningitidis serogroup C-tetanus toxoid vaccine;
. PHID-CV: 10-valent pneumococcal nontypeable Haemophilus influenzae protein D conjugate vaccine.

in PHiD-CV. Although not consisrently observed, antidiphthe-
ria antibody GMCs rended to be higher afrer 7vCRM coadmin-
istrarion, reflecting the mutant diphtheria toxoid CRM197 used
as the carrier prorein in 7ZvCRM [74].

Cross-reactive serotypes 6A & 19A

PHID-CV induced cross-reactive antibodies and funcrional OPA
responses against cross-reacting serorypes 6A and 19A after pri-
mary and booster vaccination [70.72.77). The cross-reacring immune
response to serotype 6A appears within the same range follow-
ing PIiD-CV and 7vCRM vaccination (postprimary antibody
concentrations »>0.2 pg/ml: 22.2-63.2% for PHiD-CV, 31.2-
58.3% for 7vCRM; OPA titers >8: 58.0—85.6 and 68.5-87.4%,

respectively) 170.72.771. Antibody and OPA responses against cross-
reacting serorype 19A were higher after PHiD-CV compared with
7vCRM, with postprimary antibody concentrations 0.2 pg/m! or
more in 45.0-68.4% of PHiD-CV and 27.7-45.3% of 7vCRM
vaccinees; and OPA titers of 8 or more in 25.5-32.4 and 0.0-3.4%,
respectively. This could potentially provide improved protection
against serotype 19A following PHIID-CV compared with 7vCRM

vaccination [70.72,77].

Safety & reactogenicity of PHiD-CV

Methods to assess safety

In all clinical rrials, diary cards were provided ro the parents
or guardians of all enrolled subjecrs on which specific local

1488
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Table 5. Opsonophagacytic activity against pneumococcal serotypes following priihary vaccination
(pnmary ATP cohort for mmunogemcuty, except %) (cont.),
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82.4

2.2 ) 60.8

55.1 62.9 48.8 0.0
100 100 99.2 99.3 100 100 97.8 95.6
93.0 79.9 90.8 99.3 0.0 82.6 74.6 0.0
93.2 82.2 88.9 93.0 83.0 74.4 63.0 35.2
99.4 100 98.5 100 22.7 90.6 96.8 0.0
99.4 100 100 100 100 100 98.5 99.3
99.4 98.8 100 97.2 93.5 98.5 97.1 93.3
98.2 91.7 96.2 99.3 100 82.8 59.8 71.0
94.5 91.6 93.8 98.6 91.3 87.0 84.3 67.9
97.6 93.8 97.7 100 97.7 86.3 971 87.8
e o) o b | i |
23.7 10.3 26.5 93.7 4.2 21.9 14.4 4.0
744.6 788.3 758.9 1008.7 1229.9 462.6 2444 240.6
72.5 32.2 68.4 209.3 4.0 48.3 241 4.0
684.8 386.7 379.6 9635 1762.2 157.8 92.9 239
23453 2458.2 2176.5 5196.4 14.2 844.8 1192.9 4.0
1230.3 1658.1 1343.4 16319 1713.3 875.1 712.7 686.7,
1161.6 897.6 1125.3 1669.1 2117.4 692.6 396.1 412.6
202.2 135.0 218.6 673.3 283.7 56.2 21.6 24.5
369.5 2446 356.7 121.7 81.6 101.0 65.8 19.5
1497.2 1163.6 1233.7 2186.6 4126.6 489.7 9171 561.9

‘n: Number of subjects in ATP cohort for immunogenicity with avaitable results for
the different serotypes, depending on the number of sera available).

at least one serotype (the actual number of subjects tested can vary slightly for

'Subjects in study 010 were randomized to receive prophylactic paracetamol with and soon after vaccination (PP group) or to receive no paracetamol prophylaxis

(NPP group).
5Post-dose 2 subset hased on booster ATP cohort for immunogenicity.

7vCRM: 7-valent pneumococcal conjugate vaccine; GMT: Geometric mean titer; MenC-TT: Neisseria meningitidis serogroup C~tetanus toxoid vaccine;

PHID-CV: 10-valent pneumococcal nontypeable Haemophilus influenzae protein D

and pencral symptoms were recorded for 4 days after each vac-
cine dose. All orher unsolicired symproms were recorded when
occurring within 31 days after vaccination and any serious
adverse events were reported rhroughour the entire duration
of each srudy.

Reactogenicity & safety profile

Safery and reactogenicity in compararive clinical trials have been
reviewed recently (78]. Primary and booster vaccination wirh
PHID-CV was well-tolerared, with local and systemic symproms
similar to those commonly abserved following other routinely
used pediarric vaccines. In all comparative primary and booster
vaccination studies, the percentages of doses followed by pain,

conjugate vaccine.

redness or swelling at the injection site, or with systemic symp-
roms, inclnding fever, were within the range observed in the
7vCRM groups (Fan.es 8 & 9) [78.79).

Higher incidences of colicil'ed loml and gcneml cympmmc

DTPw-based combinarion vaccine (Tan.s8).

Large swelling reactions (i.e., swelling wirh a diameter >50 mm,
noticeable diffuse swelling or noticeable increase of limb circum-
ference) were reporred following 0.6% of the PHiD-CV booster
doses, compared with 1.3% of the booster doses of DTPa-based
combinarion vaccines and 1.6% of the 7vCRM booster doses 178].
Those occurring after PHID-CV administration did not involve
the adjacent joint.
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1 29.4 49 85.0 100 100 100 25 100 100 100 99.4

4 99.7 100 100 100 100 100 100 100 100 100 100
5 99.4 6.1 857 100 100 98.8 73 100 100 100 100
68 %5 977 985 981 9.7 975 003 99.4 957 %56 885
7F 100 71 95.5 100 100 100 1.3 100 100 100 100
o 100 100 100 99.4 99.3 100 100 100 100 100 99.4
14 991 100 100 99.4 100 99.4 100 99.4 100 98.6 904
18C 100 100 993 100 100 100 100 100 100 99.3 100
19F 99.4 100 97.8 99.4 993 100 98.7 98.8 97.9 98.0 96.2
23F 97.4 98.9 97.0 98.7 99.3 98.8 99.3 976 96.4 95.9 96.1
| i) '

1 153 0.04 0.67 2.26 2.14 212 0.03 2.62 167 1.88 1.85
4 335 4.40 2.47 394 415 353 5.26 421 3.01 3.47 3.06
5 2.20 0.05 074 294 266 254 . 005 3.68 230 321 2565
68 194 3.53 174 248 216 2.04 496 245 135 1.85 112
7F 350 0.04 1.83 494 4.87 4 0.03 433 2.90 3.88 2.81
ov 3.25 6.09 194 473 4 4.03 8.23 433 2.86 397 2.95
14 556 929 476 5.91 5.87 5.62 1128 5.95 458 5.47 419
18C 5.01 5.21 498 719 9.99 7.20 7.58 7.00 496 7.20 6.24
19F 6.05 335 5.06 777 7.38 6.78 372 7.55 6.00 6.95 558
23F 238 6.67 2.42 3.49 3.27 255 9.42 292 1.99 278 2.41

*Subjects in study 014 were randomized before the protocol amendment (subjects after protocol amendment not shown) to receive prophylactic paracetamol with and soon after vaccination (PP group) or to receive
no paracetemol prophylaxis (NPP group).

*n: Number of subjects in ATP cohort for immunogenicity with available results for at least one serotype (the actual number of subjects tested can vary slightly for the different serotypes depending on the number
of sera available).

7vCRM: 7-valent pneumococcal conjugate vaccine; GMC: Geoﬁemc mean concentration; MenC-TT: Neisseria meningitidis serogroup C~tetanus toxoid vaccine; NPP: No paracetemol prophylaxis;

PHID-CV: 10-valent al protein D conjugate vaccine; PP: Prophylactic paracetamol.
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Table 7. Opsonophagocytic activity against pneumococcal serotypes following booster vaccination (ATP cohort for immunogenicity).
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1 91.0 36 314 94.3 957 90.7 8.8 98.1 90.8 778 809
4 100 100 100 100 100 100 00 100 100 99.0 968
96.3 1.2 369 V 97.6 97.7 96.3 31 100 97.7 97.5 87.2
68 96.6 98.7 94.9 94.4 94.1 951 98.6 98.7 90.0 90.3 81.1
7 99.7 311 98.3 100 100 100 473 100 100 100 100
ov 100 100 100 100 o 10 100 T 100 100 " 100 100
14 100 100 100 100 100 100 100 100 100 100 100
18C 99.7 100 98.3 100 98.4 100 9.5 100 100 98.5 978
19F 943 925 98.3 971 96.4 100 98.5 98.7 96.2 96.1 96.2
23F 99.7 98.8 98.4 100 100 100 100 99.4 100 98.3 925
(&2 , ‘ ]
1 192.2 43 8.3 2268 205.8 153.9 5.0 2170 1245 1006 109.9
4 1856.3 28126 15289 1919.6 2068.1 1539.9 3281.0 22970 15479 12040 6345
5 144.1 4. 9.5 .1929 170.0 148.8 4.3 2893 . 1343 157.2 102.1
68 981.2 34596 640.2 693.5 702.8 6215 4670.0 985.7 4967 4685 2203
7F 43303 252 23972 45393 54626 4950.2 514 46747 40258 32906 18434
ov 23435 53574 886.8 23177 26661 23341 48006 24037 22348 17069 1068.1
14 20859 21342 9778 1751.4 18083 15377 3020.8 18652 15817 12807 8355
18C 810.3 9687 6107 8137 10305 7174 7542 7378 6529 4908 3300
19F 624.3 287.8 530.1 875.9 7636 5513 3213 T 10622 6294 7347 2513
23F 2830.1 139007  2828.8 3032.2 33789 28367 253211 31540 23357 15289 1047.3

“Subjects in study 014 were randomized before the protocol amendment (subjects after protocol amendment not shown) to receive prophylactic paracetamol with and soon after vaccination (PP group) or to receive
no paracetamol prophylaxis (NPP group).

*n: Number of subjects in ATP cohort for immunogenicity with available results for at least one serotype (the actual number of subjects tested can vary slightly for the different serotypes, depending on the number
of sera available).

7vCRM: 7-valent pneumococcal conjugate vaccine; GMT: Geometric mean titer; HibMenC-TT: ¢ ilus influenza type b-Neisseri: ingitidi: C-tetanus toxoid vaccine; PHID-CV: 10-valent
pneumococcal nontypeable H. influenzae protein D conjugate vaccine.
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Table 8. Overall per dose incidence (%) of local and general symptoms within 4 days following PHiD-CV or 7vCRM primary vaccination
(total vaccinated cohort).
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Pain Any 332 310 343 34.2 35.1 29.8 2856 17.9 67.2 58.9 631 50.7
Grade3* 2.4 19 3.1 27 3.0 2.0 17 0.3 9.4 9.4 126 123
Redness  Any 454 48.0 6.8 443 4558 4.8 420 385 47.0 218 68.3 647
>30mm 17 16 25 15 1 14 17 09 24 24 5.2 a7
Swelling  Any 36.1 347 374 324 36.1 312 290 265 364 313 52.1 53.3
>30mm 3.7 31 3.1 19 12 7 44 43 9.3 8.1 9.0 8.0
Drowsiness Any 46.2 45.1 437 459 435 370 407 35.4 388 320 - 611 577
Grade3 08 09 1.2 15 09 1 07 0.0 1.0 13 27 10
Fever »38.0°C 325 337 376 385 327 284 39.0 19.9 60.9 63.0 60.0 513
Grectal)  _3900c 2.0 2 36 39 26 23 29 0.6 6.1 40 55 5.0
>400°C 00 0.0 0.0 02 0.1 02 0.0 0.1 0.0 0.0 0.0 0.3
Irritability  Any 596 50.6 53.7 52.1 52.9 4538 47.2 384 66.2 57.2 81.8 733
Grade3 3.8 35 48 40 36 30 13 03 20 24 133 93
lossof  Any 235 246 . 300 286 296 274 146 105 259 219 412 330
appetite  Goge3 02 0.2 07 0.7 0.2 0.4 0.0 0.0 0.2 0.3 0.2 0.3

“Subjects in study 010-014 were randomized to receive prophylactic paracetamo! with and soon after vaccination (PP group) or to receive no paracetamol prophylaxis (NPP group).

*n: Number of documented doses.

SGrade 3 defined as: pain - the child cried when the limb was moved/was spontaneously painful; irritability/fussiness — the child cried and could not be comforted/prevented normal activity; drowsiness - prevented
normal activity; loss of appetite - the child did not eat at all.

7vCRM: 7-valent pneumoco(cal conjugate vaccine; DTPa: Diphtheria—tetanus—acellular pertussis vaccine; DTPw: Dlphmena—ietanus—whola -cell pertussis vaccil
tetanus toxoid vaccine; NPP: No paracetamol prophylaxis; PHiD-CV: 10-valent pneumococcal 1 protein D conjugate vaccine;

; MenC-TT: Neisseria meningitidis serogroup &
P: Prophylactic paracetamol.
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Table 9. Overall incidence per dose (%) of local and general symptoms within 4 days following PHID-CV or 7vCRM booster vaccination
(total vaccinated cohort).
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Pain Any 61.5 52.7 532 55.1 54.6 54.4 46.5 459 30.3

Grade 3 64 33 6.4 6.2 78 70 as 58 11
Redness Any 61.4 64.8 543 545 513 52.4 487 43.0 50.0
>30 mm 131 77 67 1.0 90 10.4 93 8.1 45
Swellng  Any 46.0 46.2 397 455 as a23 377 291 292
>30 mm i 77 71 73 76 52 79 52 11
Drowsiness  Any 41.2 527 46.1 348 398 39.2 296 48.8 51.1
Grade 3 07 0.0 18 0.8 03 11 06 06 0.0
Fever 38.0°C 333 363 397 306 34.2 295 304 58.1 36.0
(rectal) >39.0°C 33 77 35 48 45 3. 23 8.1 22
>40.0°C o 22 11 0.3 06 0.3 00 06 06
imitabilty  Any 59.6 60.4 62.4 478 53.2 53.8 442 61.0 483
Grade 3 20 22 43 22 25 25 23 12 06
Loss of Any 313 341 326 284 277 315 . 262 267 26.4
Appetite ¢ age3 05 0.0 1 11 06 0.8 03 23 00

“Subjects in study 014 were randomized before the protocol amendment (subjects after protocol amendment not shown) to receive prophytactic paracetamol with and soon after vaccination (PP group) or to receive
no paracetamol prophylaxis {NPP group).

*n: Number of documented doses.

SGrade 3 defined as: pain — the child cried when the limb was m /was painful; irritability iness — the child cried and could not be comforted/prevented normal activity; drowsiness — prevented
normal activity; loss of appetite — the child did not eat at all.

7vCRM: 7-valent pneumococcal conjugate vaccine; HibMenC-TT: Haemophilus influenza type b-Neisseria meningitidis serogroup C-tetanus toxoid vaccine; NPP: No paracetamol prophylaxis; PHiD-CV: 10-valent
pneumococcal nontypeable Haemophilus influenzae protein D conjugate vaccine; PP: Prophylactic paracetamol.

Data taken from [75.78).
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Prymula & Schuerman

The incidence of fever afrer vaccination with PHiD-CV
warranes special note. All comparative studies of PHiD-CV
and 7vCRM evaluated rhe incidence of fever above 39°C as
a key study objective. There was no cvidence that PHiD-CV
induced more febrile reactions over 39°C than 7vCRM afrer
primary or booster vaccination [78]. Febrile convulsions within
10 days after vaccinarion were uncommon, reported afrer 1 in
5400 primary immunizarions (78], All were reported in the firse
48 h after vaccination. No convulsions were reported wirhin
10 days of PHiDD-CV baoster vaccination. No safery concerns
were identified in a review of 2996 subjects vaccinared wirh
PHID-CV (73]

In studies 010 (primary) and 014 (booster), the effects of pro-
phylactic paraceramol administration were studied in a prospec-
rive manner. Fever, pain and irritabiliry were reduced in the group
receiving prophylactic paracetamol compared with controls,
However, lower antibody responses to some of the DTPa—HBV—-
IPV/Hib and PHiD-CV antigens were also observed in the group
receiving prophylactic paraceramol. Post-hoc analysis on past
GSK-sponsored pediatric rrials identified similar effects on vac-
cine immunogenicity when paraceramol was administered on the
day of vaccination, including for 7vCRM. These findings suggest
a potenrially general effect of antipyretic prophylaxis on vaccine
immunogenicity of some anrigens in diverse inactivared vaccines.
However, since the seroprotection and seroposirivity rates were
mostly not impacted and because priming and boostabiliry were
adequare, these findings may be of limited clinical impact. They
do, however, indicare that antipyretic prophylaxis should no longer
*be routinely recommended, but should be used judiciously [7s].

Expert commentary

IPD prevention

Immunogeniciry following primary and hoosrer vaccination with

PHID-CV tended to be lower for most common serotypes com-

pared with 7vCRM in most clinical trials. However, the differ-
ence in immunogenicity between conjugare vaccines does not

.ncccssarily result in differences in clinical efficacy and in the case

of PHiD-CV, there are a number of elemenrs rhat support the

conclusion that the observed differences in immunogeniciry are

likely to have no clinical impact on 1PD prevenrion,

* Immune responses were induced for all ren pneumococeal vac-
cine serorypes, with similar immunological characrerisrics
abserved for PHiD-CV and 7vCRM (the same ranking of sero-
types, with the lowest responses for serotype 6B and the highest
for serorype 14);

High pereemages of subjects reached the relerence antibody
threshold put forward for the immunological evaluarion of
new PCVs compared with a licensed vaccine with proven effi-
cacy, with comparable proporrions of vaccinees reaching this
threshold for most serorypes;

Functional OPA responses were measured for all serotypes,
including those serotypes for which a lower percentage of sub-
jects reached the reference antibody concentration, with

minimal differences observed berween PHiDD-CV and
7vCRM in terms of the percentage of subjects with a
mecasurable OPA cirer;

* There was a high degree of boostabiliry of the ELISA and OPA
responses, indicative of effective priming against all serotypes
in infancy, incliding serotypes with more limited postprimary
responses compared wirh either orher serotypes contained in
the vaccine, or with 7vCRM,;

* Efficacy against overall pnenmococcal AOM in general wirh
statistically significant efficacy against AOM due ro sero-
types 6B, 14, 19F and 23F with the predecessor 11Pn-PID vac-
cine [14) further tesrifics for the functionality of rhe antibodics
induced by PD-conjugate vaccinarion,

AOM prevention

Protection against overall clinical AOM, pneumococcal AOM and
AOM cansed by NTHi was demonsrrated with the predecessor
11Pn-PD vaccine (14). Efficacy of PHiD-CV against pneumo-
coccal AOM is expected to be at least similar ro rhe efficacy
observed wirh the 11Pn-PD vaccine, based on comparable anti-
body and functional OPA (56} responses for rhose serorypes shown
to be the most important cause of AOM.

With the use of the NTHi-derived PD as a carrier protein,
PHiD-CV also provides rhe potential to prevent AOM due ro
N'THi, resulting in an overall impact on clinical AOM that can be
expectred 1o be substantially higher than the overall impace of any
CRM conjugate vaccine not conraining the PD carrier protein [80].

The funerionality of the PHiD-CV-induced anti-PD antibod-
ics against NTHi OM has been further validared in a widcly
accepred i m'vojuvc'nilc chinchilla OM model (80-85). Anribodies
against PD were shown to prevent NTHi OM in chinchillas fol-
lowing active and passive immunizarion [83.86). In a comparison
of the passive protective capacity of human infant sera from rhe
POET study and sera obrained after infant immunizarion wirh
PHID-CV, a comparable degree of protecrion against OM due
to NTHi was obscrved (87]. Thesc resulis strongly suggest, in Jine
with the observations with 11Pn-PD in POET, that PHiD-CV
can be expected ro also provide pratection against NTHi discase.

However, the magnitude of the public health impacr of the PD
component of PHiD-CV remains ro be documenred. Since rhe
implementarion of widespread use of 7vCRM in the USA, NTHi
has become the most common cause of recurrent and refracrory
OM [88). This is consistent wirh prelicensure sendies of 7vCRM and
another PCV candidare that showed an increase in H. influenzae
AOM episodes following vaccination [16,89]. If PHiD-CV success-

ully reduces AOM disease caused by H. influenzae and NTHi, then

the clinical and public health impacr is potenrially subsranrial poo1).

Pneumonia prevention

Experience with PCVs thus far seems to confirm that pneumo-
coccal pneumonia is vaccine-preventable. Protecrive efficacy was
demonstrated against pncumonia for several PCVs (7vCRM p2s.v2),
9-valent pneumococcal conjugare vaccine [9vCRM] [23.24) and an
11-valent diphtheria and reranus toxoid conjugate vaccine [26)).
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Despire likely variability in vaccine efficacy and immunogenicity,
and in the proportion of pnenmonia due to pneumococcal vac-
cine serotypes, it is interesting ro note that when using the WHO
definirion of consolidared pneumonia, the vaccine efficacy esti-
mates all fall within a 20-40% range. These findings have been
confirmed by postmarketing surveillance data following 7vCRM
introduction in rhe USA 34).

Tnking these previous experiences info account, it is reason-
able 1o conclude thar PHiD-CV will provide prorection against
pneumonia, given the induction of antibody and functional OPA
responses thae:

* Provide prorection against 1PD rthat is at leasr comparable ro

that obtained with 7vCRM (WHO licensure criterta);

* Provide protection against clinical AOM (POET) that exceeds
thar scen with 7ZvCRM;

* Reduce nasopharyngeal carriage of vaccine serotype S. pneu-
moniae (42.8% reduction; 95% Cl: -16.7-71.9) and H. inffu-
enzae (42.6% reducrion;95% Cl: 1.3-66.6) 3 months afrer
booster vaccination wirh the related 11Pn-PD vaccine in rhe
POET study 141

However, given the difficulties in establishing an etiological
diagnosis of pneumonia, more clinical dara are needed 1o further
quantify the magnitude of the clinical impact of the dual parhogen
PHiID-CV vaccine on clinical pneumonia.

Immunization schedule

PHiD-CV has been studied in a variety of immunization sched-
ules, Immunc responses were consistent thronghour European
studies condnered using standard 3 + 1 schedules. Somewhat
reduced postprimary antibody responses were observed for sero-
rypes 6B and 23F in the accelerared schedules of 2, 3, 4 months
versus 2, 4, 6 months. However, these effects were not apparent
when assessing the funcrional OPA responses.

There is now ample evidence that early infant immunization
with protein-conjugated polysaccharide vaceines requires booster
vaccination in order o guarantee long-lascing protecrion [9294).
For PCVs, evidence is accumularing that also highlights the
importance of booster vaccination. 7vCRM was inirially devel-
oped as a four-dose vaccine (three-dose priming and second year
of life boosting) and although a number of countries decided to
introduce 7vCRM universal mass vaccination usinga 2 + 1 sched-
utle, the question remains unanswered as to whether this schedule
provides the same level of protection against mucosal pneumococ-
cal infections (AOM and pneumonia) and rhe same level of herd
immunity compared with the standard 3 + 1 schedule.

The WHO Expanded Program on Immunization currently rec-
ommends three-dose priming at 6, 10 and 14 weeks of age, withour
a subsequent booster dose. Several problems exist with this schedule
in the context of pneumococcal vaccination. First, evidence exists
that HIV-infected children, among whom very high incidences of
pnenmacoceal infections are registered (95-98], can obtain reasonable
protecrion from PCV primary vaccination 241, but in rhe absence
of a booster dose they suffer from more rapidly waning efficacy

due 1o the loss of T-ccll memory (991, Second, it is inrrigning that
no protection could be demonstrared against serotype 1 IPD in the
Gambian rrial with a 9vCRM PCV adminisrered according to the
WHO recommended schedule wirhour a booster dose in the second
year of life, despite good overall efficacy against vaccine-serorype
IPD f1001. The four cases of serotype 1 1PD in the vaccine group all
occurred in children 18 months of age or older (1001, rhereby leaving
the question open as to whether they could have been avoided wirh
a booster dose. Unlike for other serorypes, no peal in rhe incidence
of IPD is observed for serotype 1 in the first year of life, for which
the incidence remains more constant throughout life, resulting in
more than 90% of the cases occurring after 12 months of age [40.01).
The lack of efficacy against serotype 1 disease in clinical trials where
9vCRM was administered without a booster dose scems to fir with
the ohservarion of relatively low functional OPA responses prior
to the booster dose for serotype 1 compared with other vaccine
scrotypes, and this is regardless of the PCV used (rams 5 &7) p102].
Although an evaluation of the funcrionality of antibodies is nor
available from the African trials, the lack of protection against IPD
cansed by serorype 1 in The Gambia and the age ar which serorype 1
disease occurrtd, suggest thar a booster dose might be required
in order to obrain a sufficien level of OPA and hence protective
efficacy against serotype 1 disease.

Five-year view

In the coming years, results of ongoing clinical trials evaluating
the efficacy of PHiD-CV in preventing 1PD, AOM and com-
muniry-acquired pneumonia will become available [103.203,204].
These dara will provide additional information on rhe potential
clinical and public health benefits of PITID-CV in pncumococcal
disease prevention.

Addirional PCVs are also likely to become available in rhe com-
ing years. The most advanced PCV is a 13-valent CRM197 PCV
thar contains the additional serotypes 3, 6A and 19A. Some of the
diseases caused by these serorypes are probably already covered
by the cross-protection provided by 7vCRM and PHiD-CV [32).
I will be important 10 document proteciion against serotype 3
disease, given the specific immunological characreristics thar
make rthe use of immunological licensure criteria for serotype 3
questionable [57]. Acceprable immune responses to coadminis-
tered vaccine anrigens will finally need ro be documenred given
the possibility of carrier or bystander interferences known to be
associated with CRM197 conjugare vaccines 104].

Serotrype replacement after widespread nse of PCVs remains a
potential concern, requiring continued IPD surveillance to iden-
tify the emergence of new clinically important strains. New or
adapted vaccine formulations including, for example, conserved
pneumococcal protein antigens, might be needed in the furure
in order to meet this challenge.

The most important evolution in the near furure is that the
availabiliry of rwo PCVs with extended serotype coverage,
together with the new mechanisms for funding extensive vac-
cination programs in counrrics with limired resources 105,20,
will make pnenmococeal disease prevention worldwide a realiry,
even for the most impoverished popularions.
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Key issues ‘

Streptococcus pneumoniae is a major cause of bacterial meningitis, community-acquired pneumonia and, along with nontypeable
Haemophilus influenzae (NTHi), acute bacterial otitis media (AOM) in children.

The first licensed pneumococcal conjugate vaccine (PCV); (7-valent pneumococcal conjugate vaccine [7vCRM]), containing seven
pneumococcal serotypes, has been proven highly effective against vaccine-serotype invasive pneumococcal disease (IPD). However, the
included serotypes are estimated to account for only 70-75% of IPD in young children in western Europe and Africa, and 50-65% or
less in Latin America and some parts of Asia. For these countries, a vaccine with wider serotype coverage is needed.

Serotypes 1, 5 and 7F, not included in 7vCRM, are associated with severe clinical syndromes, and are important causes of IPD in Asia
and Africa (serotype 1) and Latin America {serotype 5). '
10-valent pneumococcal NTHi protein D conjugate vaccine (PHID-CV) contains ten vaccine serotypes: the seven serotypes also found in
7vCRM (4, 6B, 9V, 14, 18C, 19F and 23F), as well as serotypes 1, 5 and 7F. Eight out of ten serotypes are conjugated to a novel carrier
protein: PD, a nonlipidated and highly conserved form of a 42-kDa cell-surface lipoprotein of NTH,

In clinical trials conducted in infants and toddlers, a high percentage of PHID-CV vaccinees achieved ELISA antibodies 0.2 pg/mi or
more and functional opsonophagocytic activity (OPA) titers of 8 or more. Robust antihody and OPA booster responses attest to

effective priming in infancy.

PHID-CV may be coadministered with other killed and live-attenuated pediatric vaccines.
Primary and booster vaccination with PHID-CV was well-tolerated, with a safety profile similar to that of 7ZvCRM.

Efficacy against AOM due to pneumococcal vaccine serotypes and NTHi was demonstrated after vaccination with the PD-containing
11-valent predecessor vaccine (11Pn-PD). PHID-CV induced antibodies against PD have similar biological activity compared with those
induced by the predecessor 11Pn-PD vaccine, for which protection against NTHi AOM was demonstrated.

Availability of a second PCV, which uses a novel PD carrier and with expanded serotype coverage, is a significant step forward in the
prevention of pneumococcal infections and AOM due to H. influenzae in infants and children worldwide.
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Prevnar® 13

Pneumococcal 13-valent Conjugate Vaccine (Diphtheria CRM197 Protein)

PART I: HEALTH PROFESSIONAL INFORMATION

SUMMARY PRODUCT INFORMATION

Route of Dosage Form / Strength Clinically -

Administration Relevant
Nonmedicinal
Ingredients

Sodium Chloride,
Succinic Acid

| dose (0.5 mL pre-filled syringe) contains: ' gd;sorf,are 86,
Pneumococcal polysaccharide serotype 1 2.2 pg° Water for
Pneumococcal polysaccharide Serotype 3 2.2 pg? Injection
Pneumococcal polysaccharide Serotype 4 2.2 pg®
Pneumococcal polysaccharide Serotype 5 2.2 ng®
Pneumococcal polysaccharide Serotype 6A 2.2 pg
Pneumococcal polysaccharide Serotype 6B 4.4 pug®
Pneumococcal polysaccharide Serotype 7F 2.2 ng"
Pneumococcal polysaccharide Serotype 9V 2.2 ng°
Pneumococcal polysaccharide Serotype 14 2.2 pg®
Pneumococcal polysaccharide Serotype 18C 2.2 pg*
Pneumococcal polysaccharide Serotype 19A 2.2 ug®
Pneumococcal polysaccharide Serotype 19F 2.2 ug®
Pneumococcal polysaccharide Serotype 23F 2.2 ug®

Intramuscular Suspension for injection
injection,

a. conjugated to CRM197

Product Monograph Page 3 of 44
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INDICATIONS AND CLINICAL USE

Prevnar® 13, Pneumococcal 13-valent Conjugate Vaccine (Diphtheria CRM o7 Protein), is
indicated for the active immunization against Streptococcus pneumoniae serotypes 1, 3, 4, 5, 6A,
6B, 7F, 9V, 14, 18C, 19A, 19F and 23F, causing invasive pneumococcal disease (including
sepsis, meningitis, bacteraemic pneumonia, pleural empyema and bacteraemia), in infants and
children from 6 weeks through 5 years of age (See PART 11, CLINICAL TRIALS).

CONTRAINDICATIONS

Hypersensitivity to any component of the vaccine, including diphtheria toxoid.

(For a complete listing, see DOSAGE FORMS, COMPOSITION AND PACKAGING section)

WARNINGS AND PRECAUTIONS

Serious Warnings and Precautions

Safety and immunogenicity data on Prevnar 13 are not available for children in specific groups
at higher risk for invasive pneumococcal disease (e.g., children with congenital or acquired
splenic dysfunction, HIV infection, malignancy, nephrotic syndrome). Children in these
groups may have reduced antibody response to active immunization due to impaired immune
responsiveness. Vaccination in high-risk groups should be considered on an individual basis.”’

General

e As with all injectable vaccines, appropriate medical treatment and supervision must always be
readily available in case of a rare anaphylactic event following the administration of the
. 22 .
vaccine.

e Minor illnesses, such as mild respiratory infection, with or without low-grade fever, are not
generally contraindications to vaccination. The decision to administer or delay vaccination
because of a current or recent febrile iliness depends largely on the severity of the symptoms
and their etiology. The administration of Prevnar 13 should be postponed in subjects suffering
from acute severe febrile iliness.

e As with any intramuscular injection, Prevnar 13 should be given with caution to infants or
children with thrombocytopenia or any coagulation disorder, or to those receiving
anticoagulant therapy. >
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e Prevnar 13 will not protect against Streptococcus pneumoniae serotypes not included in the
vaccine. Prevnar 13 will not protect against other microorganisms that cause invasive disease,
pneumonia, or otitis media. This vaccine is not intended to be used for treatment of active
infection.

o As with any vaccine, Prevnar 13 may not protect all individuals receiving the vaccine from
pneumococcal disease.

» The use of pneumococcal conjugate vaccine does not replace the use of 23-valent
pneumococcal polysaccharide vaccine (PPV23) in children > 24 months of age with sickle
cell disease, asplenia, HIV infection, chronic illness, or who are otherwise
immunocompromised. Data on sequential vaccination with Prevnar 13 followed by 23-valent
pneumococcal polysaccharide vaccine are not available; data on sequential vaccination with
Prevnar (7-valent) vaccine followed by PPV23 are limited. 7°

e As with all injectable pediatric vaccines, the potential risk of apnea should be considered
when administering the primary immunization series to premature infants. The need for
monitoring for at least 48 hours after vaccination should be considered for very premature
infants (born < 30 weeks of gestation) who remain hospitalized at the time of the
recommended administration. As the benefit of vaccination is high in this group of infants,
vaccination should not be withheld or delayed.

o Immunization with Prevnar 13 does not substitute for routine diphtheria immunization.

Special Populations

Pregnant Women:
Safety during pregnancy has not been established.

Nursing Women:
Safety during lactation has not been established.
It is not known whether vaccine antigens or antibodies are excrefed in human mitk.

Pediatrics:
The safety and immunogenicity of Prevnar 13 in children below the age of 6 weeks or on or after
the 6™ birthday have not been established

Geriatrics:
The safety and immunogenicity of Prevnar 13 in geriatric populations have not been established
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ADVERSE REACTIONS

Adverse Drug Reaction Overview

Clinical Trial Adverse Drug Reactions

The safety of the vaccine was assessed in 13 controlled clinical trials where approximately
15,000 doses were given to 4,729 healthy infants in ages ranging in age from 6 weeks to 16
months of age. In all trials, Prevnar 13 was co-administered with routine pediatric vaccines.
In a catch-up study, 354 children (7 months to 5 years of age) receiving at least one dose of
Prevnar 13 were also assessed for safety.

Expected frequency of adverse reactions is presented in CIOMS frequency categories:

Very common 2 10%
Common: > %and<10%
Uncommon: >0.1% and < 1%
Rare: >0.01% and < 0.1%
Very rare: <0.01%

System Organ Class Adverse Reaction

Metabolism and nutrition disorders
Very common Decreased appetite

Psychiatric disorders
Very common Irritability
Uncommon Crying

Nervous system disorders

Very common Drowsiness/increased sleep; restless sleep/decreased
sleep
Uncommon Seizures (including febrile seizures)

Gastrointestinal disorders
Common Diarrhea; vomiting

Immune system disorders
Rare Hypersensitivity reaction including face edema,
dyspnea, bronchospasm

Skin and subcutaneous tissue disorders

Common Rash
Uncommon Urticaria or urticaria-like rash

Product Monograph Page 6 of 44



System Organ Class Adverse Reaction

General disorders and administration site conditions

Very common Fever; any injection-site erythema, induration/swelling
or pain/tenderness;

Injection-site erythema or induration/swelling 2.5 em —
7.0 cm (after toddler dose and in older children [age 2
to 5 years}).

Common Fever greater than 39°C; injection-site erythema or
induration/swelling 2.5 cm - 7.0 cm (after infant series);
injection-site pain/tenderness interfering with
movement

Uncommon Injection-site induration/swelling or erythema greater
than 7.0 ¢cm

Additional Adverse Reactions from Prevnar (7-valent)

Although the following adverse drug reactions were not observed in the clinical trials for Prevnar
13, they are considered adverse drug reactions for Prevnar (7-valent) and are considered adverse
drug reactions for Prevnar 13 as well. These reactions are listed as follows with the frequency
seen with Prevnar (7-valent).

Adverse Reactions from Preynar (7-valent) Clinical Trials

System Organ Class Adverse Reaction

Nervous system disorders
Rare Hy potonic-hyporesponsive episode

Adverse Reactions from Prevnar (7-valent) Postmarketing Experience

These frequencies are based on spontaneous reporting rates for Prevnar (7-valent) and have been
calculated using number of reports and number of doses distributed.

System Organ Class Adverse Reaction

Blood and lymphatic system disorders
Very rare Lymphadenopathy localized to the region of the injection-
site
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System Organ Class Adverse Reaction

Immune system disorders
Very rare Anaphylactic/anaphylactoid reaction including shock

Skin and subcutaneous tissue disorders
Very rare Angioneurotic edema; erythema multiforme

General disorders and administration site conditions
Very rare Injection-site dermatitis; injection-site urticaria; injection-
site pruritus

Serious Adverse Events (SAEs)

During the 13 controlled clinical trials, SAEs that the investigator considered related to study
vaccine were reported for 11 out of 7,489 total subjects (0.1%); 6 out of 4,729 subjects (0.1%) in
the Prevnar 13 group and 5 out of 2,760 (0.2%) in Prevnar (7-valent) group. Of these 11 cases,
there were 3 cases of febrile convulsions and 4 cases of fever. Out of the 4 cases with fever, |
subject had diffuse body rash, 1 subject had respiratory distress, and 1 subject had tense

fontanelle. The remaining related SAE cases were crying (1), bronchitis (1), infantile spasms (1)
and nephroblastoma (1).

Deaths

During the 13 controlled clinical trials, death occurred in 4 (out of 7,489) infants. All 4 cases
were attributable to Sudden Infant Death Syndrome (SIDS). Three (out of 4,729 cases receiving
15,739 doses) cases were among Prevnar 13 recipients, and one (out of 2,760 cases receiving
9,030 doses) was in the Prevnar (7-valent) group. None of these cases were assessed by the
investigator as causally related to vaccination.

DRUG INTERACTIONS

Qverview

Prevnar 13 can be given, at a different injection site, with any of the following vaccine antigens,
either as monovalent or combination vaccines: diphtheria, tetanus, acellular pertussis,
Haemophilus influenzae type b, inactivated poliomyelitis, hepatitis B, meningococcal serogroup
C, measles, mumps, rubella and varicella. Clinical studies demonstrated that the immune
responses and the safety profiles of the administered vaccines were unaffected.

In the clinical trials, some infants and children were given rotavirus vaccine (oral administration)
or hepatitis A vaccine (at a different site) with Prevnar 13. The safety profiles were comparable
for these children but immunogenicity data were not available.
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Different injectable vaccines should always be given at different injection-sites.

DOSAGE AND ADMINISTRATION

For intramuscular use only.

The dose is 0.5 mL given intramuscularly, with care to avoid injection into or near nerves
and blood vessels. The preferred sites are the anterolateral aspect of the thigh in infants or the
deltoid muscle of the upper arm in older children. The vaccine should not be injected in the
gluteal area. Do not administer Prevnar 13 intravascularly.

The vaccine should not be injected intradermally, subcutaneously or intravenously, since the
safety and immunogenicity of these routes have not been evaluated.

Parenteral products should be inspected visually for particulate matter or discoloration prior.to
use.

Data on the interchangeability of Prevnar 13 with other pneumococcal conjugate vaccines
containing a protein carrier different from CRMyy; are not available.

It is recommended that infants who receive a first dose of Prevnar 13 complete the vaccination
course with Prevnar 13.

The vaccine is not to be mixed with other vaccines/products in the same syringe.

Vaccination Schedule

Primary Immunization

For infants, the recommended immunization series of Prevnar 13 consists of three doses of 0.5
ml. each, at approximately 2-month intervals, followed by a fourth dose (booster) of 0.5 mL at
12-15 months of age (3+1 schedule). The customary age for the first dose is 2 months of age, but
it can be given as young as 6 weeks of age. The recommended dosing interval is 4 to 8 weeks.
The fourth dose should be administered at approximately 12-15 months of age, and at least 2
months after the third dose.
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Table 1: Prevnar 13 Vaccine Schedule for Infants and Toddlers

Dose Dose 1° Dose 2° Dose 3° Dose 4°¢

Age at Dose 2 months 4 months 6 months 12-15 months

. Dose I may be given as early as 6 weeks of age.
b. The recommended dosing interval is 4 to 8 weeks.
c.  The fourth dose should be administered at approximately 12-15 months of age, and at least 2 months after the
third dose.

Previously unvaccinated older infants and children:

For children who are beyond the age of routine infant schedule, the following Prevnar 13
schedule applies:

Table 2: Prevnar 13 Schedule for Previously Unvaccinated Children >7 Months through 5

Years of Age
Age at First Dose Total Number of 0.5 mL Doses
7-11 months of age 30
12-23 months of age b

224 months through 5 years of age (prior to the 6th

birthday) "

a. 2 doses at least 4 weeks apart; third dose after the one-year birthday, separated from the second dose by at least
2 months.
b. 2 doses at least 2 months apart.

If Prevnar 13 is given as part of a routine infant immunization plzogram, a three dose (2+1)
schedule may be considered. The first dose may be given from the age of 2 months, with a
second dose 2 months later, and a third (booster) dose is recommended between 11 - 12 months
of age. Lower immunogenicity responses for serotypes 683 and 23F were observed when Prevnar
13 is given as a 2-dose (e.g., at 2 and 4 months of age, or at 3 and 5 months of age) schedule in
infants up to 6 months of age. After the booster dose, all vaccine serotypes had immune
responses consistent with adequate priming with a two-dose primary series (See PART 11,
CLINICAL TRIALS section).

Infants and Children Previously Vaccinated with Prevnar (7-valent) (Streptococcus
pneumoniae serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F):

Prevnar 13 contains the same 7 serotypes contained in Prevnar (7-valent) and is manufactured
based on the same conjugate technology using the CRM,g; carrier protein. A booster dose of
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Prevnar 13 in children (n = 100) previously vaccinated with 3 doses of Prevnar (7-valent) elicited
anti-capsular antibody levels (GMCs) to each of the seven common serotypes that were
comparable to those elicited by 4 doses of Prevnar (7-valent) (see Table 7 of PART I1,
CLINICAL TRIALS section).

Children who have completed the infant series with Prevnar (7-valent) can receive a single dose
of Prevnar 13 in the second year of life. A single dose of Prevnar 13 in children >1 year of age
elicits immune responses to the six additional serotypes that are comparable to those elicited by a
3-dose infant series of Prevnar 13, but are generally lower than those elicited by a 3 infant doses
+ 1 toddler dose schedule of Prevnar 13.

OVERDOSAGE

Overdose with Prevnar 13 is unlikely due to its presentation as a pre-filled syringe. However,
there have been reports of overdose with Prevnar 13 defined as subsequent doses administered
closer than recommended to the previous dose. In general, adverse events reported with overdose
are consistent with those that have been reported with doses given in the recommended schedules
of Prevnar 13.

ACTION AND CLINICAL PHARMACOLOGY

Mechanism of Action

Prevnar 13 contains the 7 pneumococcal capsular polysaccharides that are in Prevnar (7-valent)
4, 6B, 9V, 14, 18C, 19F, 23F) plus 6 additional polysaccharides (1, 3, 5, 6A, 7F, 19A) all
conjugated to CRMg; carrier protein. B-cells produce antibodies in response to antigenic
stimulation via T-dependent and T-independent mechanisms. The immune response to most
antigens is T-dependent and involves the collaboration of CD4+ T-cells and B-cells, recognizing
the antigen in a linked fashion. CD4+ T-cells (T-helper cells) provide signals to B-cells directly
through cell surface protein interactions, and indirectly through the release of cytokines. These
signals result in proliferation and differentiation of the B-cells, and production of high-affinity
antibodies. CD4+ T-cell signaling is a requisite for the generation of long-lived B-cells called
plasma cells, which continuously produce antibodies of several isotypes (with an 1gG
component) and memory B-cells that rapidly mobilize and secrete antibodies upon re-exposure
to the same antigen. *

Bacterial capsular polysaccharides (PSs), while varied in chemical structure, share the common
immunological property of being largely T-independent antigens. In the absence of T-cell help,
PS stimulated B-cells predominantly produce IgM antibodies; there is generally no affinity
maturation of the antibodies, and no memory B-cells are generated. As vaccines, PSs are
associated with poor or absent immunogenicity in infants less than 24 months of age and failure
to induce immunological memory at any age. Conjugation of PSs to a protein carrier overcomes
the T-cell-independent nature of PS antigens. Protein carrier-specific T-cells provide the signals
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needed for maturation of the B-cell response and generation of B-cell memory. Conversion of
Streptococcus pneumoniae PSs to a T cell dependent antigen by covalent coupling to the
immunogenic protein carrier CRM 97 enhances the antibody response, induces immune memory,
and elicits booster responses on re-exposure in infants and young children to pneumococcal
polysaccharides.

Pharmacodynamics

Disease Burden

S. pneumoniae is an important cause of morbidity and mortality in persons of all ages worldwide.
The organism causes invasive infections, such as bacteremia and meningitis, as well as
pneumonia and upper respiratory tract infections, including otitis media and sinusitis. In 2002,
the World Health Organization (WHO) estimated that pneumococcal disease was the most
common vaccine-preventable cause of death among children <5 years of age worldwide, causing
an estimated 716,000 deaths in this age group.

Prior to the licensure of 7-valent pneumococcal conjugate vaccine (Prevnar) in Canada in 2001,
the observed incidence rates of invasive pneumococcal disease (IPD) among children <2 years of
age and <§ yems of age were 58.8 — 112.2 per 100,000 and 35.0 to 63.8 per 100,000 per year,
respectively. ’ The overall fatality rate was 2.0%. i The incidence rate of pneumococcal

menlngltls among children <2 years of age was 9.0 per 100,000 per year, with a case fatality rate
of 5.9%. "

Pneumonia may be accompanied by bacteremia or complicated by empyema, a local invasion
into a normally sterile space; both of these invasive manifestations of pneumonia are more severe
and are associated with higher morbidity and mortality than noninvasive pneumonia. Prior to the
introduction of Prevnar (7-valent), the estimated incidence of children < 2 years who were
hospitalized with pneumococcal pneumonia in Canada was 2.25/1000 persons per year.>*

Since the introduction of Prevnar (7-valent) in Canada in 2001, it has been shown that the
incidence of]PD caused by Prevnar (7 valent) serotypes decreased by 92% in Vancouver®, 94%
in Calgary®® and by 72% in Quebec”.

A ten-year population-based surveillance of all cases of invasive pneumococcal infection
occurring in the Calgary Health Region reported a decrease of 92% in 2007 vs. 1998-2001 in
Prevnar (7-valent) serot‘ypes among adults 65 years and older suggesting a herd immunity, a
phenomenon that occurs via interruption of transmission of disease to otherwise susceptible
popu[atlons

Point-prevalence surveys conducted in Calgary have showed that routine Prevnar (7-valent)
vaccination led to signi‘f"cant reductions in nasopharyngeal colonization of vaccine-serotype
strains of S. {)neumomae in both vaccinated and unvaccinated children, indicating a direct and
herd effect.’
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A laboratory-based surveillance study in Quebec®' showed that the resistance rates to penicillin
G decreased from 17.6% in 2004, the year Prevnar (7-valent) was introduced, to 8.1% in 2007.
Resistance rates to erythromycin decreased from 43.4% in 2004 to 21.6% in 2007. In Alberta,
resistance rates to penicillin G dropped significantly from 14% in 2000 to 4.6% in 2006
(p<0.0001).% ‘

Data from the International Circumpolar Surveillance System for Invasive Pneumococcal
Disease, 1999 — 2005, showed that in northern Canada, incidence of IPD among all indigenous
persons decreased from 44.2 cases/100,000 persons in the pre- Prevnar (7-valent) period (1999-
2002) to 25.0 cases/100,000 persons in the vaccine implementation period (2003-2005; p =
0.0005). Among Canadian indigenous children <2 years of age, incidence decreased from
229.3/100,000 persons in the pre- Prevnar (7-valent) period to 92.6/100,000 persons in the
vaccine implementation period (2003-2005; p = 0.01). The incidence of serotypes in Prevnar (7-
valent) in all age groups decreased from 12.6 cases/100,000 persons in the pre— Prevnar (7-
valent) period (1999-2002) to 3.8 cases/100,000 persons in the vaccine implementation period
(2003-2005; p<0.0001)°.

While the effect of routine use of the Prevnar (7-valent) in infants and young children has been
dramatic, with a near-total elimination of the serotypes contained in this vaccine, an increase in
other serotypes causing IPD has been observed (as an increasing percentage of residual disease).
Data from Canadian surveillance systems *> (National Centre for Streptococcus [NCS];
Immunization Monitoring Program, Active [IMPACT]; and Institut National de Santé Publique
du Québec [INSPQ]) showed that serotypes 19A, 6A and 3 have emerged as the predominant
pneumococcal serotypes causing IPD in Canadian children, accounting for approximately one-
third of the residual IPD in 2007 in children <5 years of age. The 6 additional serotypes included
in Prevnar 13 caused up to 48% of residual IPD. Compounding the issue of the predominance of
emerging serotype 19A is that it is increasingly likely to be nonsusceptible to commonly used
first-line antimicrobial agents.*?

STORAGE AND STABILITY

Store refrigerated at +2 °C to +8 °C, (36 °F to 46 °F).

Do not freeze. Discard if the vaccine has been frozen.

Store in original package.

Prevnar 13 has been shown to be stable at temperatures of up to 40°C for 4 days. These data are
not recommendations for shipping or storage, but may guide decisions for use in case of

temporary temperature excursions.

Do not use after the expiry date shown on the label.
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SPECTAL HANDLING INSTRUCTIONS

Prevnar 13 is a suspension containing an adjuvant. The vaccine should be shaken well to obtain a
homogeneous white suspension prior to expelling air from the syringe, and should be inspected
visually for any particulate matter and/or variation of physical aspect prior to administration, Do
not use if the content appears otherwise.

The vaccine is not to be mixed with other vaccines/products in the same syringe.

DOSAGE FORMS, COMPOSITION AND PACKAGING

The vaccine is a white suspension for injection and provided in a single-dose, pre-filled syringe
(0.5 mL). Pack size of 10, without needles.
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PART IT: SCIENTIFIC INFORMATION

PHARMACEUTICAL INFORMATION

Drug Substance
Proper name: Pneumococcal 13-valent Conjugate Vaccine (Diphtheria CRM 97 Protein)
Product Characteristics

Pneumococcal 13-valent conjugate vaccine is a sterile solution of saccharides of the capsular
antigens of Streptococcus pneumoniae serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F,
and 23F individually conjugated by reductive amination to non-toxic diphtheria CRM,9; protein.
The polysaccharides are chemically activated, and then covalently linked to the protein carrier
CRM 97 to form the glycoconjugate.

Individual conjugates are compounded, and then polysorbate 80 and aluminum phosphate are
added to formulate the vaccine. The potency of the vaccine is determined by the quantity of the
saccharide antigens and the saccharide-to-protein ratios in the individual glycoconjugates. Each
0.5 mL dose is formulated to contain 2.2 pg of each saccharide for serotypes 1, 3, 4, 5, 6A, 7F,
9V, 14, 18C, 19A, 19F, and 23F and 4.4 pg of saccharide for serotype 6B, conjugated to CRM;¢;
carrier protein, and 0.125 mg of aluminum as aluminum phosphate adjuvant.

CLINICAL TRIALS

Overview of Prevnar 13 Clinical Studies
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Prevnar 13 Immunogenicitv Clinical Studies

Table 3: Overview of 13vPnC Clinical Studies

Study

Study Design

ERivotallPieumococcall Studies

6096A1-004

Multi-Centre,
randomized, double-
blind, controlled

Primary Objectives

Demonstrate that the PaC serotype-
specific IgG responses (proportion
of responders at >0.35 ug/mL)
induced by 13vPnC are non-inferior
to those induced by 7vPnC or
7vPnC reference” measured 1
month after the infant series.
Demonstrate that the serotype-
specific geometric mean IgG
concentrations induced by 13vPnC
are non-inferior to those induced by
7vPnC or 7vPnC reference®
measured 1 month after the toddler
dose. Assess the non-inferiority of
antigen-specific response (Dip, PT,
FHA, PRN, Hib) 1 month after dose
3 of PnC and concomitant vaccine
in the 13vPnC group relative to the
7vPnC group.

Study Vaccine

Schedule
Months)

13vPnC or
7vPnC
(2, 4,6, 12-15)

Concomitant Vaccine
 Schedule (Months)

Pediarix (2, 4, 6)
ActHIB (2, 4, 6)
PedvaxHIB (12-15)
ProQuad (12-15)
VAQTA (12-15)

N Vaccinated per
Group (as
Randomized

13vPnC: 332
7vPnC: 331
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Table 3: Overview of 13vPnC Clinical Studies (Cont'd)
Study Vaccine

Concomitant Vaccine N Vaccinated per

Study Study Design Primary Objectives Schedule Group (as
! 3 v (Months) Schedule (Months) Rando:’lized)
6096A1-006 Multi-centre, Demonstrate that the PnC serotype-  13vPnC or Infanrix hexa 13vPnC: 300
randomized, double- specific IgG responses induced by 7vPnC (2,3,4,11-12) 7vPnC: 303
blind, controlled 13vPnC are non-inferior to those (2,3,4,1112)
induced by 7vPnC or 7vPnC

reference” measured 1 month after
the infant series.

Assess the non-inferiority of
antigen-specific response (Dip,
HBYV, Hib) 1 month after dose 3 of
PnC and concomitant vaccine in the
13vPnC group relative to the 7vPnC

tantiyac ImmunogenicitysT rials S e AR S SR S
Evaluate the immune response after  13vPnC or 7vPaC  NeisVac C (2, 4) 13vPnC: 139
randomized, double- NeisVac-C (MnC using SBA) and (2,4,12) Pediacel (2, 3, 4) 7vPnC: 139
biind, controlled 13vPnC relative to NeisVac-C and Menitorix (12)
7vPnC measured 1 month after the
infant series.

Evaluate the immune response after
Pediacel (antigens assessed: PT,
FHA, PRN, FIM, Hib) and 13vPnC
relative to Pediacel and 7vPnC
measured 1 month after the infant
series.

Assess the immune response (IgG)
to 13vPnC measured 1 month after
the infant series and before and 1
month after the toddler dose.
6096A1-008 Multi-centre, Demonstrate that the immune 13vPnC or 7vPnC  Pentavac (2, 3, 4, 12) 13vPnC: 302
randomized, double- responses after Pentavac (antigens (2,3,4,12) 7vPnC: 309
blind, controlled assessed: PT, FHA, Hib, Dip, Tet,
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Table 3: Overview of 13vPnC Clinical Studies (Cont'd)

Study Study Design

Primary Objectives

Study Vaccine
Schedule
(Months)

Concomitant Vaccine
Schedule (Months)

N Vaccinated per
Group (as
Randomized)

6096A1-011 Multi-centre,
randomized, double-
blind, controlled

6096A1-500 Multi-centre,
randomized, double-
blind, controlled

polio types 1, 2, 3) and 13vPnC are
non-inferior to the response after
Pentavac and 7vPnC measured 1
month after the infant series.

Assess the immune responses to
13vPnC measured 1 month after the
infant series.

Assess immune responses, 1 month
after the toddler dose, to the
following (infant series/ toddler
dose) sequences: 13vPnC/13vPnC
and 7vPnC/13vPnC relative to
7vPnC/7vPnC. Post toddler dose
pneumococcal responses induced by
13vPnC/13vPnC relative to
7vPnC/13vPnC were also assessed.
Assess the PnC immune response
after 13vPnC relative to 7vPnC
measured 1 month after the infant
series. .
Assess the immune response after
Easyfive, ie, DTP-Hib-HBV
vaccine (antigens assessed: PT,
FHA, PRN) and 13vPnC relative to
DTP-Hib-HBV and 7vPnC
measured 1 month after the infant
series.

Demonstrate that the immune
response after Infanrix hexa
(antigen assessed: HBV) and
13vPaC is non-inferior to the

13vPnC or 7vPnC

(6, 10, 14 weeks,

12 months)

13vPnC or 7vPnC
(3,5,11)

Easyfive (6, 10, 14
weeks)
Biopolio (6, 10, 14
weeks)

Infanrix hexa
(3,5, 11)

13vPnC: 178
7vPnC:175

13vPnC: 502
7vPnC: 302
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Table 3: Overview of 13vPnC Clinical Studies (Cont'd)

Primary Objectives

Study Vaccine
Schedule

(Months)

Concomitant Vaccine
Schedule (Months)

N Vaccinated per
Group (as
Randomized)

response after Infanrix hexa and
7vPnC measured 1 month after the
toddler dose.

Assess the immune response to
13vPnC measured 1 month after the
infant series and just before the
toddler dose.

Assess the immune responses
induced by 13vPnC relative to
7vPnC measured 1 month after the
toddler dose.

Demonstrate that the immune
response after Meningitec (antigen
assessed: MnC by SBA) and
13vPnC is non-inferior to response
after Meningitec and 7vPnC
measured 1 month after a 2-dose
Meningitec infant series.

Assess the non-inferiority of antigen
specific response to PT, FHA, PRN,
Dip, Tet, and polio types 1,2, 3
after Infanrix hexa and 13vPnC
relative to Infanrix hexa and 7vPnC.
Assess the immune responses to
13vPnC measured 1 month after
dose 2 and 1 month after dose 3 of
the infant series and 1 month after
the toddler dose.

Demonstrate the non-inferiority of
immune response after NeisVac-C
and 13vPnC relative to NeisVac-C
(antigen assessed: MnC using SBA)
and 7vPnC measured 1 month after

13vPnC or 7vPnC
(2,4,6,15)

13vPnC or 7vPnC
(2,4,6,15)

Infanrix hexa (2, 4, 6)
Meningitec (2, 4, 15)
Infanrix-IPV+Hib (15)
MMR 11 (12)

Infanrix hexa (2, 4, 6)
NeisVac-C (2, 4, 15)
Priorix (12)
Infanrix-IPV+Hib (15)

13vPnC: 314
7vPnC: 302

13vPnC: 218
7vPnC: 226

Study Study Design
6096A1-501 Multi-centre,
randomized, double-
blind, controlled
6096A1-3007 Multi-centre,
randomized, double-
blind, controlled
Product Monograph
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Table 3: Overview of 13vPnC Clinical Studies (Cont'd)

Study Study Design

Study Vaccine
Primary Objectives Schedule
(Months)

Concomitant Vaccine
Schedule (Months)

N Vaccinated per
Group (as
Randomized)

a 2-dose NeisVac-C infant series.

Demonstrate the non-inferiority of
immune response after Infanrix
hexa (antigens assessed: Dip, Tet)
and 13vPnC relative to Infanrix
hexa and 7vPnC measured 1 month
after a 3-dose infant series.

Assess the immune responses to
13vPnC measured 1 month after
dose 2 and 1 month after dose 3 of
the infant series

[ Other Clinical Studies

6096A1-009 Multi-centre,
randomized, double-
blind, controlled

6096A1-3000 Multi-centre,
randomized, double-
blind, controlled

6096A1-3005 Multi-centre,

randomized, double-

13vPnC+P80 or
13vPnC P80
(2,3,4,12)

Demonstrate that the immune
response to 13 serotypes after
administration of 13vPnC+P80 is
non-inferior relative to 13vPnC P80
measured 1 month after the infant
series.

Assess the PnC response induced by ~ 13vPnC pilot lot or
manufacturing scale 13vPnC 13vPnC man lot
relative to pilot scale 13vPnC (2,3,4,12)
measured 1 month after the infant
series.

(Immunogenicity was not assessed
for the toddler dose, as specified in
the protocol.)

Demonstrate that the immune
responses induced by 3 lots of

13vPnC pilot ot 1,
13vPnC pilot Iot 2,

Pentaxim (2, 3, 4)
Engerix-B (2)
Priorix (12)

Pentaxim (2, 3, 4)
Engerix-B (2)
Priorix (12)

Pediarix (2, 4, 6)
Act-HIB (2, 4, 6)

13vPnC+P80: 250
13vPnC-P80: 250

13vPnC pilot: 134
13vPnC man: 134

13vPnC pilot 1: 486
13vPnC pilot 2: 484

blind, controlled 13vPnC are equivalent at 1 month or 13vPnC man lot MMR Il and Varivax 13vPnC man: 485
after the infant series. or 7vPnC (12) 7vPnC: 244
Demonstrate the non-inferiority of (2,4,6,12) Havrix (12)
Product Monograph Page 20 of 44



s .

Table 3: Overview of 13vPnC Clinical Studies (Cont'd)

Study Study Design Primary Objectives

Study Vaccine

Schedule Concomitant Vaccine

N Vaccinated per

(Months) Schedule (Months) RG’f“p .(‘"5,')
immune response induced by
Pediarix given with 13vPnC relative
to Pediarix given with 7vPnC 1
month after the infant series
(antigens assessed: Tet; polio types
1,2, 3; HBV).
Trial in Older Infants and Young Children: - LT B _ EESEINA
6096A1-3002 Multi-centre, Non- Assess the PnC response induced by  13vPnC: N/A Group 1: 90
randomized, open- 13vPnC when measured 1 month Group 1: (3 doses) Group 2: 112
label, uncontrolled after the last scheduled dose in each 7 to <12 months, 1 Group 3: 152
age group. month later, and
12-16 months
Group 2: (2 doses)
12 to <24 months
and 56 to 70 days
later
Group 3: (1 dose)
. 24 to <72 months
Phase 1-2 Trials i R . . . i
6096A1-002 Single-centre, (NOTE: Immunogenicity was a Single dose of N/A 23vPS: 15
randomized, open- secondary objective in this study.) 13vPnC or 23vPS 13vPnC: 15
label,-controlled Assess the post vaccination .
responses to the 13 pneumococcal
serotypes in 13vPnC.
Obtain sera to be used as reagents
for further development, validation,
and standardization of
pneumococcal assays.
6096A1-003 Single-centre, Compare the percentages of subjects  13vPnC or 7vPnC  Pediarix (2, 4, 6) 13vPnC: 121
randomized, double- achieving a predefined antibody 2,4,6,12-15) ActHIB (2, 4, 6, 12-15)  7vPnC: 126

blind, controlled level to each of the 7 common
serotypes after 3 doses of 13vPnC
relative to 3 doses of 7vPnC.
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Table 3: Overview of 13vPnC Clinical Studies (Cont'd)

Study Vaccine Concomitant Vaccine N Vaccinated per
Study Study Design Primary Objectives Schedule Group (as
g !
(Months) Schedule (Months) Randomized)

a. Instudies 004 and 006, values for the additional serotypes in the 13vPnC group are compared with the 7vPnC reference value, defined as the lowest value among the 7 common serotypes in
the 7vPnC group.

Abbreviations: 13vPnC+P80 = 13vPnC formulated with polysorbate 80; 13vPnC-P80 = 13vPnC formulated without polysorbate 80; 23vPS = 23-valent pneumococcal polysaccharide vaccine;

Dip = diphtheria; FHA = f inin; FIM = fimbrial agglutinog HBYV = hepatitis B virus vaccine; Hib = Hasmophilus influenzae type b; man = manufacturis

=not i PnC= jugate vaccine; polio types 1, 2, 3 = poliovirus vaccine type 1, type 2, and type 3; PRN = pertactin; PT = pertussis toxoid;

SBA = serum bactericidal assay; Tet = tetanus.

Components of vaccines by trade name: ActHIB = Hib; Biopolio = OPV; Easyfive = DTP (whole cell pertussis), Hib, and HBV;

Infanrix hexa = DTaP, Hib, HBV, and IPV; Infanrix-IPV+Hib = DTaP, IPV, and Hib; Meningitec = meningococcal C vaccine; Menitorix

mumps, and rubelia vaccine; NeisVac-C = meningococcal C vaccine; Pediacel = DTaP, Hib, and IPV; Pediarix = DTaP, HBV, and IPV; PedvaxHIB = Hib; Pentavac = DTaP, Hib, and IPV;

Pentaxim = DTaP, Hib, and [PV, Priorix = MMR;

ProQuad = MMR and varicella vaccine; Varivax = varicella vaccine; VAQTA = HAV.

ngerix-B = HBV; Havrix = HAV;

ib and meningococcal C vaccine; MMR II = measles,
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The World Health Organization (WHO) has recommended a serum anti-capsular polysaccharide
antibody concentration of 0.35 ptg/ml measured one month after the primary infant series as a
single antibody reference concentration to estimate the efficacy of new pneumococcal conjugate
vaccines against Invasive Pneumococcal Disease (IPD). This recommendation is based upon the
observed correlation between immunogenicity and IPD efficacy from three placebo-controlled
trials with either Prevnar (7-valent) or the investigational 9-valent CRM, o7 conjugate
polysaccharide vaccine. This reference concentration is only applicable on a population basis and
cannot be used to predict protection against IPD on an individual basis.

The WHO also requires demonstration of functionality of the elicited antibodies.
Opsonophagocytosis (antibody mediated killing of the bacteria) is recognized as the main
mechanism of protection against pneumococcal disease, which can be measured by an
opsonophagocytosis activity assay (OPA). The percentage of subjects with an OPA titre > 1:8 is
used for comparison between vaccines, although the data to support the OPA titre > 1:8 as a
marker of protection are currently insufficient.

Finally, the ability to induce immune memory is also required.
In line with WHO recommendations, post-marketing studies will be undertaken to confirm the

effectiveness of Prevnar 13.

Immune Responses Following a Three-Dose Primary Infant Series

The immunological comparison between Prevnar 13 and Prevnar (7-valent) was conducted in
two pivotal studies (USA study 004 and Germany study 006) and was performed post-hoc in
USA study 3005. The percentage of infants achieving pneumococcal anti-capsular
polysaccharide 1gG antibody concentrations > 0.35 pg/mL one month after a three-dose primary
infant series for the 7 common serotypes are presented in Table 4. The immunological non-
inferiority was met when the lower bound of the 95% CI for the difference between groups
(Prevnar 13 minus Prevnar (7-valent)) in terms of subjects with antibody concentration > 0.35
pg/ml. was greater than -10%.

As shown in Table 4, Prevnar 13 non-inferiority was demonstrated by ELISA for all serotypes in
study 3005, all except 6B in study 006 and all except for 6B and 9V in study 004, each of which
missed non-inferiority by a small margin at the lower bound of the 95% CI for the difference
between groups. The clinical relevance of these differences is not known.
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Table 4: Percentage of Subjects with Pneumococcal Anti-capsular Polysaccharide IgG
Antibody Concentrations 2 0.35 pg/ml One Month after the Infant Series for the 7
Common Serotypes

Antibody Prevnar 13 Prevnar (7-valent) | Difference in % of 2 0.35 ng/mlL
(Prevnar 13 minus Prevnar (7-valent))
N | % N | % % | 95% CI
USA study 004 (one month afier 3-dose primary infant sevies at 2, 4, and 6 months of age)
Anti-4 252 94.4 251 98.0 -3.6 -7.3,-0.1
Anti-68 252 87.3 250 92.8 -5.5 -10.9, -0.1
Anti-9V 252 90.5 252 98.4 -7.9 -12.4,-4.0
Anti-14 251 97.6 252 97.2 0.4 -2.7,3.5
Anti-18C 252 96.8 252 98.4 -1.6 -4.7,1.2
Anti-19F 252 98.0 251 97.6 0.4 -2.4, 3.4
Anti-23F 252 90.5 252 94.0 -3.6 -8.5, 1.2
Germany study 006 (one month afier 3-dose primary infant series at 2, 3, and 4 months of age)
Anti-4 285 98.2 279 98.2 0.0 -2.5,2.6
Anti-6B 284 77.5 278 87.1 -9.6 -16.0, -3.3
Anti-9V 285 98.6 279 96.4 2.2 -0.4, 5.2
Anti-14 284 98.9 279 97.5 1.5 -0.9, 4.1
Anti-18C 285 97.2 277 98.6 -1.4 -4.2, 1.2
Anti-19I° 284 95.8 277 96.0 -0.3 -3.8,3.3
Anti-23F 284 88.7 277 89.5 -0.8 -6.0,4.5
US4 study 3005 (one month afier 3-dose primary infant series at 2, 4, and 6 months of age) —
posi-hoc analysis
Anti-4 1216 97.2 165 98.8 -1.6 (-3.2, 1.4)
Anti-6B 1209 93.0 165 97.0 -4.0 (-6.6, -0.1)
Anti-9V 1212 95.8 158 98.7 -2.9 (-4.7, 0.2)
Anti-14 1175 98.8 163 99.4 -0.6 (-1.7,2.1)
Anti-18C 1214 97.2 165 98.8 -1.6 (-3.2, 1.4)
Anti-19F 1208 98.2 165 97.6 0.6 (-1.3,4.0)
Anti-23F 1214 88.9 165 95.2 -6.3 (-9.5,-1.8)

The percentage of subjects, who received Prevnar 13 and reached the threshold of >0.35 pg/mL
for serotypes 1, 5, 6A, 7F and 19A, was at 89.7% to 99.5%; and the non-inferiority criterion
was met when compared to the lowest response of the 7 common serotypes in Prevnar (7-valent)
recipients. For serotype 3, the percentage of subjects, who received Prevnar 13 and reached the
threshold, was 63.5% and 73.3% in the USA studies and the non-inferiority criterion was not met
when compared to Prevnar (7-valent) response against serotype 6B (92.8% study 004) or
serotype 23F (95.2% study 3005) respectively. In the Germany study the 98.2% of subjects
responded to serotype 3 and the non-inferiority was met against serotype 6B (87.1% study 006).
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The geometric mean concentrations (GMCs) of anti-capsular polysaccharide IgG antibody

pneumococcal antibodies for the 7 common serotypes following the primary infant series are
presented in Table 5. Geometric mean ratios were calculated (Prevnar 13/ Prevnar (7-valent))
and non-inferiority criteria was met if the lower 95% CI was greater than 0.5, a 2-fold criterion.
The non-inferiority criteria were met for all serotypes in the 3 studies; although the post-primary
GMCs elicited by Prevnar 13 against the 7 common serotypes were generally lower than those
elicited by Prevnar (7-valent).

Table 5: Pneumococcal Anti-capsular Polysaccharide IgG Antibody GMC
(ng/mL) One Month after the Infant Series

Antibody Prevnar 13 Prevnar(7-valent) Geometric Mean Ratio
(Prevnar 13/ Prevnar
(7-valent))

. N | emcsucy | N | GMC 5% C) | Ratio | 95% CI

USA study 004 (2, 4, 6 months of age)
Anti-4 252 | 1.31(1.19,1.45) | 251 | 1.93(1.75 2.13)| 0.68 (0.59, 0.78)
Anti-68 252 | 210(1.77,2.49) | 250 | 3.14(2.64, 3.74) | 0.67 (0.52, 0.85)
Anti-9V 252 | 0.98(0.89,1.08) | 252 | 1.40(1.27, 1.55) | 0.70 (0.61, 0.80)
Anti-14 251 | 4.74(4.18 5.39) | 252 | 5.67(5.02,6.40)| 0.84 | (0.70, 1.00)
Anii-18C | 252 | 137(1.24,1.52) | 252 | 1.79(1.63,1.96) | 0.77 | (0.67, 0.88)
Anti-19F 252 | 1.85(1.69,2.04) | 251 | 2.24(2.01,2.50) | 0.83 (0.72, 0.96)
Anti-23F | 252 | 1.33(1.17,1.51) | 252 [1.90(1.68 2.15) |- 0.70 | (0.59, 0.84)
Germany study 006 (2, 3, 4 months of age)
Anti-4 285 | 2.18(1.98,2.40) | 279 | 2.99(2.68, 3.33) | 0.73 (0.63, 0.84)
Anti-6B 284 | 0.98(0.84,1.14) | 278 | 1.49(1.27,1.75) | 0.65 (0.52, 0.82)
Anti-9V 285 | 1.65(1.51,1.80) + 279 | 1.96(1.77,2.17) | 0.84 (0.74, 0.96)
Anti-14 284 | 4.14 (3.68, 4.66) | 279 | 4.61 (4.07,5.23) | 0.90 (0.76, 1.07)
Anti-18C | 285 | 1.94(1.76,2.14) | 277 | 2.25(2.04,249) | 0.86 | (0.75, 0.99)
Anti-19F 284 | 1.73(1.56,1.92) | 277 { 2.86 (2.53,3.24) | 0.60 0.51,0.71)
‘ Anti-23F | 284 | 1.26(1.11,1.43) | 277 [ 1.44(1.25,1.65) | 0.88 | (0.73, 1.06)
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Table S: Pneumococcal Anti-capsular Polysaccharide IgG Antibody GMC
(ng/mL) One Month after the Infant Series (Cont'd)

Antibody Prevnar 13 Prevaar (7-valent) | Geometric Mean Ratio
(Prevnar 13/ Prevnar
(7-valent ))

N | 6mceswcy | N [ GMC95% ) | Ratio | 95% CI
USA study 3005 (2, 4, 6 months of age) — post-hoc analysis
Anti-4 1216 | 1.46 (1.40,1.52) | 165 | 1.95(1.73,2.19) | 0.75 (0.66, 0.85)

Anti-6B 1209 | 2.52(2.36,2.69) | 165 | 2.93(2.47,348) | 0.86 | (0.71, 1.04)
Anti-9V | 1212 | 1.09(1.05, 1.14) | 158 | 1.35(1.23,1.49) | 0.8] | (0.72, 0.90)
Anti-14 1175 | 5.10(4.85,5.36) | 163 | 6.21(540, 7.14) | 0.82 | (0.71,0.95)
Anti-18C | 1214 | 1.37(1.32,1.43) | 165 | 1.61(1.44,1.80) | 0.85 | (0.76, 0.95)
Anti-19F | 1208 | 2.15 (2.06,2.25) | 165 | 2.30(2.02,2.61) |- 0.94 | (0.83,1.07)
Anti-23F | 1214 | 118(1.11,1.25) | 165 | 1.71(1.48,1.97) | 0.69 | (0.59, 0.81)

Opsonophagocytic activity assay (OPA) was measured in 2 studies (004 and 006) in a randomly
selected subset of about 100 subjects per group in each study. Prevnar 13 elicited functional
antibodies to all vaccine serotypes. For each of the 7 common serotypes, 90.4% to 100% of
Prevnar 13 vaccinees and 92.6% to 100% of Prevnar (7-valent) vaccinees achieved an OPA titre
>1:8 one month after 3-dose primary infant series. For the 6 additional serotypes, at least 91.4%
of Prevnar 13 vaccinees achieved an OPA titre >1:8 one month after 3-dose primary infant
series.

The OPA GMT was generally lower in the Prevnar 13 vaccinees compared with the Prevnar (7-
valent) vaccinees (i.e., the OPA GMT ratios of Prevnar 13 vaccinees versus Prevnar (7-valent)
vaccinees was less than 1) for the 7 common serotypes, but most were within 2-fold.

Immune Responses Following a Two-Dose Primary Series

The immunogenicity after two doses in infants has been documented in four studies. The
proportion of infants achieving a pneumococcal anti-capsular polysaccharide 1gG concentration
> 0.35 pg/ml one month after the second dose of Prevnar 13 ranged from 79.6% to 98.5% across
11 of the 13 vaccine serotypes. Smaller proportions of infants achieved this antibody
concentration threshold for serotype 6B (27.9% to 57.3%) and 23F (55.8% to 68.1%) for all
studies using a 2,4 month regimen, compared to 58.4% for serotype 6B and 68.6% for 23F for a
trial (Italy Study 500) using a 3,5 month regimen. After the booster dose, the proportion of
infants who achieved this antibody concentration threshold was increased for all vaccine
serotypes including 6B and 23T and ranged from 88.2%-100% in Study 007 and 93.9%-100% in
study 500. In UK study 007, the post-hoc analysis showed that the functional antibody (OPA)
responses were comparable for the 7 common serotypes including 6B and 23F in the Prevnar (7-
valent) (n=45-60) and Prevnar 13 (n= 64-77) arms after the primary series at two and four
months of age and after the booster dose at 12 months of age.
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Booster Responses Following Two-Dose and Three-Dose Primary Schedules

Antibody responses to booster doses following two-dose or three-dose infant primary series in
different studies were comparable for all 13 vaccine serotypes.

Post-booster antibody concentrations were higher for 12 serotypes than those achieved after the
infant primary series, which is consistent with adequate priming (the induction of immunologic
memory). For serotype 3, antibody concentrations declined after the infant series; after the
booster dose antibody concentrations were lower than those after the infant primary series in
some clinical trials, and higher in others (See the following table. In all studies where OPA was
assessed, including both ptvotal non-inferiority studies, the anti-type 3 opsonophagocytic activity
of 13vPnC-induced antibody was clearly demonstrated. The proportion of subjects with OPA
titers >1:8 ranged from 96.8% to 100% after the infant series and from 97.8% to 100% after the
toddler dose. Functional antibody (OPA) GMTs were higher after the toddler dose than after the
infant series in 3 of 4 studies).

The serotype 3 serum 1gG GMC induced by only one toddler dose of Prevnar 13 was slightly
greater than that induced by 3-infant doses plus one toddler dose of Prevnar 13. However, the
point estimate of the proportion of responders in both groups exceeded 93% at > 0.35 pug/mL and
was slightly higher in the 13vPnC/13vPnC group (94.8%) than the 7vPnC/13vPnC group
(93.8%). The proportion of OPA responders at > 1:8 was high in both groups (97.8 and 100%) ,
but OPA GMT was greater in the subjects who received only one toddler dose of Prevnar 13
(428.88; 95% CI: 346.69, 530.56) compared to those who received 3-infant doses plus one
toddler dose of Prevnar 13 (345.33; 95% CI: 296.06, 402.80) . The OPA GMT (504.66; 95% CI:
435.71, 584.53) from Study 500 was even greater in the subjects who received 2-infant doses
plus one toddler dose of Prevnar 13 (2+1) compared to those who received only one toddler dose
of Prevnar 13 (7vPnC/13vPnC group) in study 008 (See Table 6). The clinical significance of
these observations is unknown.
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Table 6: Pneumococcal Anti-capsular Polysaccharide IgG Antibody Geometric Mean
Concentrations (ng/mL), OPA Percentage of Subject >1:8 and OPA Geometric Mean Titers for

Serotype 3
Study | Group OPA | OPA OPA | OPA
- GMC (95% CI) for the serotype3 | N | >1:8 | GMT | N |>1:8 | GMT
After Before After
infant toddler toddler After infant series | After toddler dose
series dose dose
004% | 13vPnC 0.49 0.15 0.94 94 1968 |120.67 |91 |97.8 | 38041
(0.43, (0.13, (0.83, 1.05)
0.55) 0.17)
006 * | 13vPnC 1.55 0.25 (0.23, | 1.02 (0.92, 1001 99.0 |250.73 |98 | 98.0 | 18754
. (141, 0.28) 1.13)
. 1.72)
13vPnC 1.50 0.14 (0.13, | 1.09 (0.99,
(1.38, 0.16) 1.20)
009° 1.63)
13vPnC 1.62 0.18 (0.16, | 1.16 (1.05,
(1.49, 0.20) 1.29)
1.75)
007% | 13vPnC 0.63 0.14 (0.10, | 0.98(0.78, 70 [ 100.0) 109.25 {77 |100.0| 306.50
(0.56, 0.18) 1.22)
0.71)
13vPnC/1 | 1.25 0.2 (0.2, 1.0 (0.9, 88 | 100.0 | 345.33
3vPnC* (113, 0.2) 1.1)
008 * 1.37)
7vPnC/13v | - 0.1(0.1, 1.32 (1.1, 90 [97.8 | 42888
PnC® 0.1) 1.5)
500° 13vPnC 1.15 0.25 .22, | 1.22 (1.09, 100 {99.0 | 176.07 | 96 | 100.0 | 504.66
(1.04, 0.27) 1.35)
1.28)
501" | 13wPnC 0.97 - 1.07 (0.95,
‘ (0.88, 1.20)
1.08)

a. Subjects received 3 infant doses plus 1 toddler dose.

b.  7vPnC/13vPnC: 3 infant doses of 7vPnC plus 1 toddler dose of 13vPnC.
¢.  13vPnC/13vPnC: 3 infant doses plus 1 toddler dose of 13vPnC.
Subjects received 2 infant doses plus 1 toddter dose.

Booster Responses to Prevnar 13 Following a Three-Dose Primary Infant Series of Prevnar

(7-valent) or Prevnar 13

In a randomized, double-blind, active control study in France (008) infants were randomly

assigned to three groups in a 2:1:1 ratio: (1) Prevnar 13 at 2, 3, 4 and 12 months or (2) Prevnar
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(7-valent) at 2, 3, 4 months followed by Prevnar 13 at 12 months or (3) Prevnar (7-valent) at 2, 3,
4 and 12 months. Geometric mean concentrations of anti-capsular polysaccharide 1gG antibody
responses to each of the 13 serotypes in the 3 groups are shown in Table 7.
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Table 7: Pneumococcal Anti-capsular Polysaccharide IgG Antibody Geometric Mean
Concentrations (ug/mL), OPA percentage of subject >1:8 and OPA Geometric Mean Titers
One Mounth After Toddler Booster Dose

Serotyp |  13v/13v 7v/13y 7v/7y 13v/13v w13y
e Post Post Post Post Post
Toddler Toddler Toddler Toddler Toddler
N=233-236 | N=108- | N=111-127
113
N OPA | OPA N | OPA| OrA
> | GMT > | eMmT
1:8 1:8
4 4.20 4.04 4.85 - - - - - -
6B 8.99 10.33 963 - - - - - -
14 2.59 2.29 3.24 - - - - - -
14 9.52 7.81 10.83 - - - - - -
18C 2.30 2.43 281 - - - - - -
19F 5.18 3.73 411 - - - - - -
23F 3.01 312 3.69 - - - - - _
1 4.08 1.83 0.04 88 100.0 1 126.00 | 90 | 98.9 | 61.58
3 0.99 1.32 0.10 88 100.0 | 345.33 | 90 | 97.8 | 428.88
5 3.30 1.14 0.53 88 1000 | 244.18 {90 | 97.8 | 130.99
64 614 5 60 1 54 8 | 000 §346.8 o | 989 [ 891.44
77 452 3.71 0.05 0 | 1000|5102 |59 | 1000 17054
194 9.50 5.33 3.98 86 | ggg |80406 | oy | 978 §072 4

Table 7 shows that GMC:s to the seven Prevnar (7-valent) serotypes did not differ in the 3
groups. Although the GMCs to the 6 additional serotypes in the Prevnar (7-valent)/ Prevnar 13
recipients were lower than those observed with the four dose Prevnar 13 regimen (except for
serotype 3), they were at least comparable to those of a three dose primary series of Prevnar 13
in infants. In both groups that received Prevnar 13, >98.7% of subjects had OPA titers >1:8 and
OPA GMTs were comparable in both groups.

Previously Unvaccinated Older Infants and Children

In an open label study of Prevnar 13 in Poland (3002), children 7 to 11 months of age, 12 to 23
months and >24 months through 5 years of age (prior to the 6th birthday) who were naive to
pneumococcal conjugate vaccine, were given 3, 2 or 1 dose of Prevnar 13 according to their age
at first dose (see Table 2). Serum 1gG concentrations were measured one month after the final
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dose in each age group and the data are shown in Table 8.

The age appropriate catch-up immunization schedules result in levels of anti-capsular

polysaccharide 1gG antibody responses to each of the 13 serotypes that are at least comparable to
those of a three dose primary series in infants.

Table 8: Pneumococcal Anti-capsular Polysaccharide IgG Antibody Geometric
Mean Concentrations (ng/mlL) One Month After the Final Dose by Age Group in
Study 3002, Compared with One Month Post 3 Infant Doses in study 004 and study

U

3005
Serotype 7to 11 1210 23 224 months | Post-infant | Post-infant
months of | months of | through5 | (Study 004) | (Study 3005)
age age years of age
(N=83-84) (N=104- (N=135- (N=249- (N=1172-

110) 152) 252) 1213)
1 2.88 2.74 1.78 2.03 1.78
3 1.94 1.86 1.42 0.49 0.56
4 3.63 4.28 3.37 1.31 1.46
5 2.85 2.16 2.33 1.33 1.24
64 3.72 2.62 2.96 2.19 2.21
68 4.77 3.38 3.41 2.10 2.51
7 5.30 5.99 4.92 2.57 2.57
4 2.56 3.08 2.67 0.98 1.09
14 8.04 6.43 2.24 4.74 5.09
18C 2.77 3.71 2.56 1.37 1.37
194 4.77 4.94 6.03 2.07 1.91
19F 2.88 3.07 2.53 1.85 2.15
23F 2.16 1.98 1.55 1.33 1.18

Simultaneous Administration With Other Vaccines

In studies 004, 3005 and 3008 routine pediatric vaccines were administered at the same visit as
Prevnar 13. Immune responses to selected concomitant vaccine antigens were compared in
infants receiving Prevnar (7-valent) and Prevnar 13. The proportion of responders at pre-
specified antibody levels are shown in Table 9. Responses to all antigens in Prevnar 13
recipients were similar to those in Prevnar (7-valent) recipients and met formal criteria for non-
inferiority. Varicella responses as measured by a commercial whole cell ELISA kit, designed to
detect immunity after natural infection, were low in both groups, but there was no evidence of
interference with the immune response by concomitantly administered Prevnar 13.
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Table 9: Subjects Achieving a Pre-specified Antibody Level for Concomitant Vaccines

Antigens

Concomitant Vaccine
Name/Vaccine Antigen
(Prespecified Antibody Level)

Administered with Prevnar 13

% Responders
I

(n*/N")

Administered with
Prevnar (7-valent)
% Responders
(nﬂ/Nh)

Pediarix (DTaP-1PV-HepB) Responses After the Three-dose Infant Series

Dip n
(0.1 1U/mL) 95.7 (223/233) 96.1 (221/230)
Tet . ‘
0.1 1U/mL) 98.4 (181/184) 08.5 (193/196)
PT
2
>16.5 EU/mL 94.1 (225/239) 95.0 (228/240)
FHA
>40.5 EU/mL 96.7 (231/239) 05.0 (228/240)
PRN
’
526 EU/mL 93.7 (224/239) 05.8 (230/240)
Polio Type 1 on
(titer =1:8) 100.0 (183/183) 100.0 (187/187)
Polio Type 2 . :
(titer >1:8) 98.9 (181/183) 99.5 (186/187)
Polio Type 3
(titer 21:8) 100.0 (182/182) 99.5 (186/187)
HBV 100.0 (153/153) 100.0 (173/173)
>10.0 mIU/mL ) ) ) )
ActHIB (PRP) Responses After the Infant Series
Hib (PRP) 97.9 (232/237) 97.8 (225/230)
(=0.15 ng/mlL) ) T
Hib (PRP)

(1.0 pg/ml)

77.6 (184/237)

78.3 (180/230)

Pentacel (DTaP-IPV-Hib) Responses After the Infant Series

Hib (PRP)
(=0.15 pg/mL)

97.8 (266/272)

99.6 (265/266)

Hib (PRP)
(21.0 pg/mL)

81.6 (222/272)

84.6 (225/266)

PT
>12.00 EU/mL

98.6 (278/282)

96.0 (266/277)

FHA
>20.00 EU/mL

99.3 (281/283)

95.7 (266/278)

PRN
>7.00 EU/mL

96.8 (274/283)

96.0 (266/277)

FIM
24.00 EU/mL

93.6 (264/282)

95.3 (262/275)
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Table 9: Subjects Achieving a Pre-specified An‘tibody Level for Concomitant Vaccines

Antigens (Cont'd)

Concomitant Vaccine
Name/Vaccine Antigen
(Prespecfied Antibody Level)

Administered with Prevnar 13
% Responders

Administered with
Prevnar (7-valent)
% Responders

(n*/N%) (/N
PedvaxHIB (PRP-OMP) Responses at 12 to 15 Months Following Infant Series with ActHI1B
Hib (PRP) .
(20.15 pg/mL) 100.0 (230/230) 100.0 (214/214)
Hib (PRP)

(=1.0 pg/mL)

90.4 (208/230)

92.1 (197/214)

ProQuad (MMR-Varicella) Responses at 12 to 15 Months

Measles

GLIOLV) 96.4 (213/221) 97.1 (204/210)
(>]1w]u(])nlp i/ ) 76.5 (169/221). 72.9 (153/210)
G 1Rsulb Sl/l.:,l ) 91.9 (192/209) 90.7 (185/204)
Varivax (Varicella) Responses at 12 to 15 Months
Varicella
(=1.25 gpELISA units/ml.) 100 (163/163) 100 (173/173)
Varicella

(=5.00 gpELISA units/ml.)

98.8 (161/163)

97.7 (169/173)

a.  Number of subjects achieving the pre-s

pecified antibody level

b. Number of subjects in the evaluable immunogenicity population

Efficacy against otitis media and pneumonia

Efficacy of Prevnar 13 against otitis media and pneumonia has not been established. However,
the efficacy of the comparator Prevnar (7-valent) has been established since its licensure in 2001

for invasive disease, pneumonia and

otitis media.

Effectiveness of Prevnar (7-valent) using a four dose schedule (three doses in the first year of life
with a booster dose in the second year) has also been observed against acute otitis media and
pneumonia since its introduction in a national immunization programme. In a retrospective
evaluation of a large US insurance database, AOM visits were reduced by 42.7 % (95 % Cl,
42.4-43.1 %), and prescriptions for AOM by 41.9 % in children younger than 2 years of age,
compared with a pre-licensure baseline (2004 vs. 1997-99).” In a similar analysis,
hospitalisations and ambulatory visits for all-cause pneumonia were reduced by 52.4 % and

41.1 %, respectively.” For those events specifically identified as pneumococcal pneumonia, the
observed reductions in hospitalisations and ambulatory visits were 57.6 % and 46.9 %,
respectively, in children younger than 2 years of age, compared with a pre-licensure baseline

(2004 vs. 1997-99).™
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Effectiveness of Prevnar (7-valent) against AOM and pneumonia has also been observed in
Quebec after the implementation of a publicly funded program in all children using a three dose
immunization schedule (two doses in the first year of life with a booster dose in the second year).
In the three years following vaccine introduction, there was a 13.2% reduction in otitis media
claims attributable to Prevnar (7-valent) and an estimated 100,000 otitis media visits averted in
children under five years of age.® Similarly, a 13% reduction in hospital admissions for all-
cause pneumonia was observed with no increase in cases of empyema.'’

While direct cause-and-effect cannot be concluded from observational analyses of this type,
these findings suggest that Prevnar (7-valent) plays an important role in reducing the burden of
mucosal disease (AOM and pneumonia) in the target population.

TOXICOLOGY

A repeated dose intramuscular (5 IM doses) rabbit toxicity study of pneumococcal 13-valent
conjugate vaccine resulted in the generation of serotype-specific antibody responses and did not
demonstrate any significant local or systemic adverse effects. In addition, there were no
significant adverse findings in a single-dose IM local tolerance study in rabbits.

In single-dose subcutaneous (SC) safety pharmacology studies of pneumococcal 13-valent
conjugate vaccine in rats or monkeys, there were no effects on central nervous, respiratory, or
cardiovascular systems. In repeated dose (7 SC doses) toxicity studies in rats and monkeys, no
significant adverse effects were observed. In addition, in a repeated dose (5 SC doses) toxicity
study in juvenile rats, no significant adverse effects were observed.
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PART IIT: CONSUMER INFORMATION

Prevnar® 13

Pneumococcal 13-valent Conjugate Vaccine (Diphtheria
CRM,y; Protein)

This leaflet is part HI of a three-part " Product Monograph"
published when Prevnar® 13 was approved for sale in Canada
and is designed specifically for Consumers. This leaflet is a
summary and will not tell you everything about Prevnar® 13,
Contact your doctor, nurse or pharmacist if you have any
questions ahout the drug.

ABOUT THIS MEDICATION

~ What the medication is used for:
Prevnar 13 is a pneumococcal vaccine that helps protect against 13

“strains of Streptococcus pneumoniae bacteria (Prevnar 13 contains
the 7 strains that are included in Prevnar (7-valent), which has
been marketed since 2001. Prevnar 13 helps protect your child
against diseases such as meningitis, sepsis or bacteraemia (bacteria
in blood stream), and bacteraemic pneumonia caused by thirteen
strains of the bacteria Streptococcus pneumoniae.

What it does:

The vaccine works by helping the body to make its own
antibodies, which protect your child against diseases such as
meningitis, sepsis or bacteraemia (bacteria in blood stream), and
bacteraemic pneumonia caused by thirteen types of the bacteria
Streptococeus pneumoniae.

When it should not be used:

if your child is allergic (hypersensitive) to the active substances, to
any other ingredients, or to any other vaccine that contains
diphtheria toxoid.

What the medicinal ingredient is:

The active substances are:

* 2.2 ug of saccharide for serotypes 1, 3, 4, S, 6A, 7F, 9V, 14,
18C, 19A, 19F and 23F

» 4.4 ng of saccharide for serotype 6B

Conjugated to CRM197 carrier protein and adsorbed on aluminum
phosphate (0.125 mg Aluminum).

What the important nonmedicinal ingredients are:
Sodium chloride, succinic acid, Polysorbate 80 and water for
injection.

What dosage forms it comes in:

The vaccine is a white suspension for injection and provided in a
single-dose, pre-filled syringe (0.5 mL). Pack size of 10, without
needle.

\5Z2

WARNINGS AND PRECAUTIONS

Serious Warnings and Precautions

Take special care with Prevnar 13:

* If your child has any present or past medical problems afler any
dose of Prevnar (7-valent) or Prevnar 13.

» If your child is sick with a high fever

* If your child has any bleeding problems

Prevnar 13 will only protect against disease caused by the types
of Streptococcus pneumoniae in the vaccine.

As with any vaccine, Prevnar 13 will not protect 100% of those
who receive the vaccine.

BEFORE you use Prevnar 13 talk to your doctor or
pharmacist:

Please tell your doctor, nurse or pharmacist if your child is taking,
has recently taken any other medicines, including medicines
obtained without prescription, or has recently received any other
vaccine.

INTERACTIONS WITH THIS MEDICATION

The vaccine is not to be mixed with other vaccines/products in
the same syringe.

Different injectable vaccines should always be given at
different injection-sites.

PROPER USE OF THIS MEDICATION

Usual dose:

The doctor or nurse will inject the recommended dose (0.5 mL) of
the vaccine into your child's arm or leg muscle.

Typically, your child should receive four doses of the vaccine.
According to official recommendations in your country, an
alternative schedule may be used by your healthcare provider.
Each dose will be given on a separate occasion. It is important to
follow the instructions from the doctor/nurse so that your child
completes the-course of injections.

Prevnar 13 can be given at the same time as other childhood
vaccines; in this case, different injection sites should be used.
Prevnar 13 should not be mixed with any other vaccines in the
same syringe.

Overdose:
Overdose with Prevnar 13 is unlikely due to it being in a pre-
filled syringe.

Missed Dose:
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If you forget to go back to the doctor or nurse at the scheduled
time, ask the doctor or nurse for advice.

If you have any further questions on the use of Prevnar 13, ask
your doctor.

SIDE EFFECTS AND WHAT TO DO ABOUT THEM

Like all vaccines, Prevnar 13 can cause side effects, although not
everybody gets them.

The following side effects include those reported for Prevnar 13.

The most common side effects reported in at least 1 in 10 children
are:

* Decreased appetite

* Irritability

"W « Drowsiness/increased sleep, restless sleep/decreased sleep

+ Fever; any pain, tenderness, redness, swelling or hardness at the
injection-site

Common side effects reported in at least 1 in 100, but less than 1 in
10 children are:

* Diarrhea, vomiting

* Rash

* Fever > 39°C, tenderness at the injection-site interfering with
movement

Uncommon side effects reported in at least 1 in 1,000 children, but
less than 1 in 100 children are:
* Crying
+ Seizures (including febrile seizures)
« Urticaria or urticaria-like rash
.* Rash
* Redness, swelling, or hardness at the injection-site > 7.0 cm
Rare side effects reported in at least 1 in 10,000 children, but less
than | in 1,000 children are:

. * Hypersensitivity reaction including swelling of the face and/or

lips, difficulty in breathing

Other side effects have been seen with Prevnar (7-valent) because
it has been available for a longer period of time. These side effects
may be reported in the future with Prevnar 13:

Very rare side effects reported in less than 1 in 10,000 children are:
s Enlarged lymph nodes (lymphadenopathy) in the region of the
injection-site

+ Hypotonic-hyporesponsive episode (collapse or shock-like state)
+ Anaphylactic/anaphy!tactoid reaction including shock
(cardiovascular collapse)

+ Angioneurotic edema, erythema multiforme

+ Injection-site dermatitis, injection-site urticaria, injection-site
pruritus

In babies born very prematurely (at or before 28 weeks before
gestation), longer gaps than normal between breaths may occur for
2-3 days after vaccination.

2%

SRR V170 R TiA N THRITER 5 EIR 7 D U

Please speak with your doctor or pharmacist should you have any
questions or concerns. If any of the side effects gets serious, or if
you notice any side effects not listed in this leaflet, please tell
your doctor or pharmacist.

SERIOUS SIDE EFFECTS, HOW OFTEN THEY

HAPPEN AND WHAT TO DO ABOUT THEM

Symptom / effect Talk with your doctor or

pharmacist
Only if
severe
Diarrhea; v
vomiting

In all cases

Common

Rash

Fever greater v
than 39°C

Injection Site
swelling

Uncommon | S¢izures

Hypersensitiv
ity reaction v
including
facial

swelling,
difficulty
breathing

Rare

This is not a complete list of side effects. For any unexpected
effects while taking Prevnar 13, contact your doctor or
pharmacist,

HOW TO STORE IT

Keep out of the reach and sight of children.
Store in a refrigerator (2°C — 8°C).
Do not freeze.

Do not use Prevnar 13 afier the expiry date stated on the carton
and label. The expiry date refers to the last day of that month.
Medicines should not be disposed of via wastewater or household
waste. Ask your pharmacist how to dispose of medicines no
longer required. These measures will help to protect the
environment.
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REPORTING SUSPECTED SIDE EFFECTS

To monitor vaccine safety, the Public Health Agency of
Canada collects information on

serious and unexpected adverse events following vaccination.
If you suspect you have had a serious or unexpected event
following receipt of a vaccine you may notify the Public Health
Agency of Canada:

By toll-free telephone: 866-844-0018
By toll-free fax: 866-844-5931
By web: http://www_phac-aspe.ge.ca/im/vs-sv/index-eng.php

By regular mail:

The Public Health Agency of Canada
Vaccine Safety Section

130 Colonnade Road

Ottawa, ON K1A 0K9

A/L 6502A

NOTE: Should you require information related to the
management of the side effect, please contact your health care
provider before notifying the Public Health Agency of Canada.
The Public Health Agency of Canada does not provide
medical advice.

MORE INFORMATION

This document plus the full product monograph, prepared for
health professionals can be found at:

hitp:/www.wyeth.ca/en

or by contacting the sponsor, Wyeth Canada, at:
1-800-461-8844.

This leaflet was prepared by Wyeth Canada.

L.ast revised: November 9, 2009
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COMPOSICION CONJUGADA DE POLISACARIDO-PROTEINA NEUMOCOCICA

MULTIVALENTE

CAMPO DE LA INVENCION

La presente invencidén se relaciona de manera general con

el campo de la medicina, y especificamente con microbiologia,

inmunologia, vacunas y la prevencién de infeccidén por

patdgeno bacteriano mediante inmunizacién.

ANTECEDENTES DE LA INVENCION

£l Streptococcus pneumoniae es la causa principal de

meningitis, neumonia, y enfermedad invasiva severa en nifios y

recién nacidos en todo el mundo. Las vacunas de polisacarido
neumocdcicas muiltivalentes se han licenciado durante muchos
anos y han probado ser valiosas para evitar la enfermedad
neumocdcica en adultos mayores y en pacientes de alto riesgo.
Sin embargo, los recién nacidos y los nifios jévenes responden
pobremente a la mayoria de los‘polisacéridos neumocécicos. La
vacuna de conjugado neumocdcica hepta-valente (7vPnC,
Prevnar®) fue la primera de su clase que demostrd ser
altamente inmunogénica y efectiva contra la enfermedad
invasiva y otitis media en nifios y recién nacidos. Esta
vacuna estd ahora aprobada en muchos paises alrededor del
mundo. La Prevnar contiene los polisacdridos capsulares de
los serotipos 4, 6B, 9v, 14, 18C, 19F y 23F, cada una

conjugada a una proteina portadora designada CRM;y7. La
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Prevnar cubre aproximadamente 80-90%, 60-80%, y 40-80% de 1la
enfermedad neumocécica invasiva (IPD) en los Estados Unidos,
Europa, y otras regiones del mundo, respectivamente [1,2].-
Los datos de vigilancia recogidos en los afios siguientes a la
introduccidén de 1la Prevnar han demostrado claramente una
reduccién de la enfermedad neumocdcica invasiva en recién
nacidos en los Estados Unidos como se esperaba (FIG. 1)

[3,4].

La vigilancia del IPD conducida en recién nacidos en los
Estados Unidos antes de 1la introducéién de la Prevnar
demostrd que una porcidén significativa de la enfermedad
debida a los serogrupos 6 y 19 se debid a los serotipos 6A
(aproximadamente un tercio) y-19A (aproximadamente un cuarto)
[5,6]. La wvigilancia de la enfermedad invasiva neumocécica
conducida en los Estados Unidos después de la licencia de la
Prevnar sugiere que un gran grupo de enfermedades es aun
atribuible a los serotipos 6A y 19A (FIG. 1) [3]. Mas adln,
estos dos serotipos cuentan con més casos de enfermedad
invasiva que los serotipos 1, 3, 5, y 7F combinados (8.2 vs.
3.3 casos/100,000 nifios de dos afios y'lnenos). Ademés, los
serotipos 6A y 19A estdn asociados con altas tasas de
resistencia a antibidético (FIG. 2) [7,8,9]. Aungue es posible
que la proteccidén cruzada del serogrupo dé como resultado una
declinacidén de la enfermedad por los serotipos 6A y 19A en
razdn a que mas nifios estdn inmunizados, existe evidencia que

sugiere que habrd un limite en la declinacién, y un grupo
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significativo de enfermedad debido a estos serotipos

subsistird (ver adelante).

Dado el grupo y la importancia relativa de la enfermedad
neumocédcica invasiva debido a los serotipos 1, 3, 5, 6aA, 7F,
y 18A, agregar estos serotipos a la formulacidén Prevnar
incrementaria el cubrimiento para la enfermedad invasiva a >

90% en los Estados Unidos y Europa, y tan alta como el 70%-

80

o°

en Asia y América Latina. Esta vacuna expandiria
significativamente el cubrimiento mds alld de la Prevnar, vy
suministraria cubrimiento para 6A y 19A que no es dependiente

de las limitaciones de la proteccidédn cruzada del serogrupo.

RESUMEN DE LA INVENCION

De acuerdo con esto, la presente inyencién suministra de
manera general una composicién inmunogénica multivalente que
comprende 13 diferentes conjugados de polisacdrido-proteina,
en donde cada uno de los conjugados contiene un polisacarido
capsular proveniente de un serotipo diferente de
Streptococcus pneumoniae conjugado a una proteina portadora,
junto con un vehiculo fisioldgicamente aceptable. De manera
opcional, un adyuvante, tal como un adyuvante a base de
aluminio, esté incluido en la formulaciédn. Mas
especificamente, la presente invencién suministra una
composicidén de conjugado neumocdcico 13-valente (13vPnC) que

comprende los siete serotipos en la vacuna 7vPnC (4, 6B, 9V,
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14, 18C, 19F y 23F) mé&s seis serotipos adicionales (1, 3, 5,

6, 7F y 19A).

La presente invencién también suministra una composicidn
inmunogénica multivalente en donde los polisacédridos
capsulares son de los serotipos 1, 3, 4, 5, 6A, 6B, 7F, 9V,
14, 18C, 19A, y 23F del Streptococcus pneumoniae y la

proteina portadora es CRMjg7.

La presente invencidén suministra ademds una composicidn
inmunogénica multivalente, en donde los polisacéaridos
capsulares son de los serotipos 1, 3, 4, 5, 6A, 6B, 7F, 9V,
14, 18C, 19A, 19F y 23F de Streptococcus pneumoniae, la
proteina portadora es CRMjg7, Yy el adyuvante es un adyuvante a
base de aluminio, tal como fosfato de aluminio, sulfato de
aluminio e hidréxido de aluminio. En una modalidad particular

de la invenciédén, el adyuvante es fosfato de aluminio.

La presente invencidén también suministra una composicidn
inmunogénica multivalente, que comprende conjugados de
polisacarido-proteina junto con un vehiculo fisioldgicamente
aceptable, en donde cada uno de los conjugados comprende un
polisacdrido capsular proveniente de un serotipo diferente de
Streptococcus pneumoniae conjugado a una proteina portadora,
y los polisacaridos capsulares se preparan del serotipo 3 vy

por lo menos un serotipo adicional.

WL
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En una modalidad de esta composicién inmunogénica
multivalente, el serotipo adicional se selecciona del grupo
que consiste de los serotipos 1, 4, 5, 6A, 6B, 7F, 9v, 14,
18C, 19A, 19F y 23F. En otra modalidad, la proteina portadora
es CRMpg97. En aln otra modalidad, la composicién comprende un
adyuvante, tal como un adyuvante basado en aluminio
seleccionado de fosfato de aluminio, sulfato de aluminio e
hidréxido de aluminio. En una modalidad particular, el

adyuvante es fosfato de aluminio.

La presente invencidén también suministra una composicién
inmunogénica multivalente, que comprende conjugados de
polisacarido-proteina junto con un vehiculo fisiolégicamente
aceptable, en donde cada uno de los conjugados comprende un
polisacarido capsular proveniente de un serotipo diferente de
Streptococcus pneumoniae conjugado a una proteina portadora,
y los polisacaridos capsulares se preparan de los serotipos
4, 6B, 9v, 14, 18C, 19F, 23F y por lo menos un serotipo

adicional.

En una modalidad de esta composicidén inmunogénica
multivalente, el serotipo adicional se selecciona del grupo
que consiste de los serotipos 1, 3, 5, 6A, 7F, y 19A. En otra
modalidad, la proteina portadora es CRMi;g;. En aun otra
modalidad, la composicién comprende un adyuvante, tal como un
adyuvante basado en aluminio seleccionado de fosfato de
aluminio, sulfato de aluminio e hidréxido de aluminio. En una

modalidad particular, el adyuvante es fosfato de aluminio.

UL
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La presente invencidén también suministra un método para
inducir una respuesta inmune a un conjugado de polisacarido
capsular de Streptococcus pneumoniae, que comprende
administrar a un humano una cantidad inmunoldégicamente
efectiva de cualquiera de las composiciones inmunogénicas ya

descritas.

La presente invencidén suministra ademds que cualquiera
de las composiciones inmunogénicas administrada en una dosis
simple formulada de 0.5 mL contenga: 2 npg de cada sacarido,
excepto para 6B en 4 pg; aproximadamente 29 ug de proteina
portadora CRMpg7; 0.125 mg de adyuvante de aluminio elemental
(0.5 mg de fosfato de aluminio); y amortiguador de cloruro

de sodio y succinato de sodio como excipientes.

BREVE DESCRIPCION DE LOS DIBUJOS

La FIG. 1 describe los cambios en las tasas IPD del
serotipo en los nifios de los Estados Unidos < 2 anos de edad

de la linea base (1998/1999) a 2001.

La FIG. 2 describe la distribucidén de aislados
neumocécicos con resistencia a la penicilina (PCN) en nifios <

5 arios de edad (1998).

La FIG. 3 describe las curvas de distribucidén acumulada
inversas (RCDC) de los resultados de OPA post-tercera dosis

provenientes del ensayo D118-P16 Prevnar.

W5
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DESCRIPCION DETALLADA DE LA INVENCION

Inclusién de los Serotipos Prevnar 4, 6B, 9V, 14, 18C, 19F,

23F

Los datos provenientes de la vigilancia IPD entre 1995-
1998 estimaron que los siete serotipos en Prevnar fueron
responsables por alrededor del 82% del IPD en nifios < 2 afos
de edad [5]. En el norte de California, el sitio del ensayo
de eficacia, los serotipos Prevnar contaron con el 90% de
todos los casos de IPD en recién nacidos y nifios jdévenes
[10]. Desde la introduccién de la vacuna Prevnar en‘el 2000,
ha habido un decrecimiento significativo en las tasas de IPD
totales debido a la disminucién de la enfermedad debido a los
serotipos de vacuna [3,4]7. Por 1lo tanto, nc existe
justificacidén en este momento para remover cualquiera de los
serotipos Prevnar provenientes de la siguiente generacién de
las vacunas de conjugado neumocdcica sino por el contrario

agregar serotipos para obtener un cubrimiento méas amplio.

Inclusién de los Serotipos 1, 3, 5 y 7F

En los Estados Unidos, la tasa de IPD causada por el

serotipo 1 en nifios mencres de 5 afios es < 2

o°

7

aproximadamente lo mismo que para cada uno de los tipos 3 vy
TF [1,6]. Los serotipos 1 y 5 cuentan con tasas superiores de
IPD en poblaciones de los Estados Unidos en alto riesgo de

enfermedad neumocdcica invasiva. LEspecificamente, el serotipo

WY
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1 origina 3.5% de IPD en nifios nativos de Alaska < 2 afos de
edad, y 18% en nifios de 2-4 afdos de edad ([1l1l]. Tanto el
serotipo 1 como el serotipo 5 causan significativamente
enfermedad en otras partes del mundo y en poblaciones

indigenas en paises en desarrollo [12,13,14].

El serotipo 1 también se puede asociar con enfermedad
mas severa comparada con otros serotipos neumocdcicos [15].
Esta observacién se basa en la diferencia en las tasas de
identificacidén de caso entre los Estados Unidos y Europa, vy
la diferencia asociada en la practica médica. En total, la
incidencia del IPD es inferior en Europa que en los Estados
Unidos. Sin embargo, el porcentaje de IPD causado por el
serotipo 1 en Europa es desproporcionadamente mayor que en
los Estados Unidos (6-7%, vs. 1-2%, respectivamente). En
Europa, cultivos de sangre se obtienen predominantemente de
nifios hospitalizados. En los Estados Unidos, es una practica
médica de rutina obtener cultivos de sangre en un paciente
externo que se ajusta é nifios que presentan fiebre 2 39°C y
conteos de células sanguineas blancas elevados. Dada la
diferencia en la préactica médica, se postula que el
porcentaje inferior de enfermedad causada por el serotipo 1
en los Estados Unidos se puede diluir por tasas superiores de
otros serotipos que causan la enfermedad media, mientras que
el alto porcentaje en Europa refleja enfermedad més seria.
Ademéds, los estudios de seroepidemioclogia de los nifios con
neumonia complicada demuestran que el serotipo 1 esta

desproporcionadamente representado [16,17,18]. Esto sugiere

\US



10

15

20

25

WO 2006/110381 9 PCT/US2006/012354

que la inclusidén del serotipo 1 puede reducir la cantidad de
enfermedad neumocdcica severa, asi como también, contribuir a

al reduccidén total en enfermedad neumocdcica invasiva.

La adicidén de los serotipos 3 y 7F incrementard el
cubrimiento contra el IPD en la mayoria de las A&reas del
mundo en aproximadamente 3%-7%, y en Asia en alrededor del
9%. Asl, una vacuna 1ll-valente cubriria el 50% en Asia vy
alrededor del 80% de IPD en todas las otras regiones [1,2].
Estos serotipos son también importantes con respecto al
cubrimiento de otitis media [19]. En un estudio multinacional
de los serotipos neumocdcicos que originan otitis media,
Hausdorff et al encontraron que el serotipo 3 era el octavo
aislado de fluido de oido medio mds comin en total [20]. El
serotipo 3 contaba con hasta el 8.7% de los serotipos
neumocdcicos asociados con otitis media. Asi, la importancia
de los tipos 3 y 7F en otitis media, asi como también en IPD,
garantiza su inclusién en una vacuna de conjugado

neumocdcica.

Sin embargo, no han sido exitosos los intentos de
producir una vacuna de conjugado neumocdcica multivalente que
exhiba inmunogenicidad significativa con respecto a los
polisacadridos del serotipo 3. Por ejemplo, en un estudio de
inmunogenicidad y seguridad de una vacuna de conjugado de
proteina D neumocécica ll-valente (11-Pn-PD), no se observd
ningun efecto cebador para el serotipo 3 en recién nacidos

que habian recibido tres dosis de la vacuna luego de una

\o
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dosis de refuerzo de la misma vacuna o una vacuna de
polisacérido neumocdcica (Nurkka et al. (2004) Ped. Inf. Dis.
J., 23:1008-1014). En otro estudio, los resultados del ensayo
opsonofagocitico (OPA) proveniente de nifios recién nacidos
gue habian recibido dosis de 11-Pn-PD no mostrd respuestas de
anticuerpo para el serotipo 3 a niveles comparables con otros
serotipos ensayados (Gatchalian et al., 17%" Annual Meeting of
the Eur. Soc. Paed. Inf. Dis. (ESPID), Poster No. 4, P1lA
Poster Session 1, Istanbul Turkey, Mar. 27, 2001). En auln
otro estudio, que evalué la eficacia de un 11-Pn-PD en la
prevencidn de otitis media aguada, la vacuna no suministré
proteccidén contra episodios causados por el serotipo 3
(Prymula et al. www.thelancet.com, Vol. 367: 740-748 (marzo
4, 2006). De acuerdo con esto, una vacuna de conjugado
neumocdcica que comprende polisacédridos capsulares
provenientes del serotipo 3 y capaz de elicitar una respuesta
inmunogénica al los polisacaridos del Serotipo 3 suministra
una mejora significativa sobre el estado existente de 1la

técnica.
Inclusidén de los Serotipos 6A y 19A
a. Epidemiologia de los Serotipos 6A y 19A
Los datos de vigilancia en la literatura sugieren que
los serotipos 6A y 19A cuentan con més epfermedad neumocdcica

invasiva en nifios de los Estados Unidos < 2 afios de edad que

los serotipos 1, 3, 5, y 7F combinados (FIG. 1)[1,5]. Ademias,
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estos serotipos estadn cominmente asociados con resistencia a
antibidético (IFIG. 2) y juegan un papel importante en otitis
media [6,19,20]. La capacidad de la vacuﬁa Prevnar habitual a
proteger contra la enfermedad debido a 6A y 19A no es clara.
Lo racional para la inclusién de los componentes 6A y 19A en

una vacuna 13vPnC se discute adelante.

b. Respuestas a 6A y 19A Inducidas por los Polisacdridos 6B

y 19F

Las vacunas de polisacdrido neumocdcica no conjugadas
licenciadas (para uso en personas de por lo menos dos afios de
edad) ha contenido el polisacidrido capsular 6A o 6B pero no
ambos [21]. Los datos de inmunogenicidad generados en el
momento de la formulacién de la vacuna de polisacarido
neumocébcica 23-valente demostraron que la vacuna 6B
monovalente indujo anticuerpo a ambas cépsulas 6A y 6B. Los
datos provenientes de varios ensayos que evaluan las
respuestas del ensayo IgG y opsonofagociticas (OPA) en una
variedad de poblaciones con polisacdrido libre y con vacunas
de conjugado neumocécicas sugieren que las respuestas IgG a
6A se inducen por antigenos 6B, pero las respuestas son
generalmente inferiores, y la actividad OPA con organismos 6A
es diferente que con organismos 6B [22,23,24,25]. Ademds, los
sujetos que responden con el anticuerpo 6B alto pueden tener

poca o ninguna actividad contra 6A.

W
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En contraste a la composicidn quimica de los
polisacéridos capsulares 6A y 6B donde subsiste un alto grado
de similitud, las cépsulas 192 y 19F son muy diferentes
debido a la presencia de dos cadenas laterales adicionales en
el ©polisacarido 19A. De manera no sorprendente, las
respuestas inmunes medidas en voluntarios humanos inmunizados
con vacuna de polisacdrido 19F mostraron que las respuestas a
19F fueron inducidas en el 80% de los sujetos, pero solamente
el 20% de los sujetos tuvo una respuesta a 19A [26]. Los
bajos niveles de las respuestas a IgG y OPA reactiva cruzada
al serotipo 19A después de inmunizacién con el polisacéarido
19F también han estado documentados en ensayos con vacunas de

conjugado [24,26].

Los datos internos en las respuestas OPA reactivas
cruzadas a 6A y 19A se han generado del ensayo de puente
7vPnC (D118-P16) conducidas en recién nacidos en los Estados
Unidos (FIG. 3). Estos estudios son consistentes con los
hallazgos de otros, y demuestran induccién de anticuerpo
funcional reactivo <cruzado a polisacdrido 6A después de
inmunizacién con polisacdrido 6B, aungue a un nivel inferior,
y muy poco anticuerpo funcional a 19A después de inmunizacién

con 1l9F.

Impacto de Inmunizacién 6B y 19F sobre 6A y 19A en Modelos de

Animal

U4
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Los modelos de animal se han utilizado para evaluar el
potencial para la proteccidén cruzada con inmunizacidén de
polisacarido. En un modelo de otitis media desarrollado por
Giebink et al., se inmunizaron chinchillas con una vacuna de
conjugado de proteina de membrana exterior de polisacarido
tetravalente (OMP) (que contiene los sacéaridos 6B, 14, 19F,
23F) o placebo [27]. En este ensayo aparecidé alguna
reactividad cruzada para 6A; sin embargo este no alcanzd
significade estadistico y el nivel de protecciédn fue inferior
de aquel con 6B contra otitis media. En este mismo modelo
hubo 100% de proteccidén contra otitis media 19F, pero

solamente 17% de proteccidédn contra otitis media 19A.

Saeland et al. utilizaron suero proveniente de recién
nacidos inmunizados con una vacuna de conjugado de tétano
neumocécica 8-valente (que contiene 6B y 19F) para inmunizar
pasivamente ratones antes de una exposicién intranasal con
organismos 6A, en un modelo de infeccién de pulmén [28]. De
las 59 muestras de suero, 53% protegieron a los ratones
contra bacteremia con 6B y 37% protegieron contra 6A. Los
ratones inmunizados pasivamente con suero proveniente de
recién nacidos inmunizados con cuatro dosis de una vacuna de
conjugado neumocédcica ll-valente (que contiene 19F conjugado
a toxoide de tétano) les fue dada una exposicién intranasal
con orgaﬁismos 19A en el mismo modelo [29]. De los 100
ratones inmunizados pasivamente vy luego expuestos, a 60
ratones no se les detectaron organismos 19A en el tejido de

pulmdén, mientras que los organismos fueron identificados en



10

15

20

25

WO 2006/110381 14 PCT/US2006/012354

todos los ratones a los que se les dio placebo de solucién
salina. Sin embargo, 1la inmunizacién pasiva no protegid
contra exposicidén con organismos 19F en este modelo; por lo
tanto, la relevancia del modelo para el serogrupo 19 es
cuestionable. En general estos modelos suministran evidencia
de algun impacto Dbioldégico de inmunizacién 6B  sobre
organismos 6A aunque el efecto del serotipo heterélogo no fue
tan grande como aquel observado con el serotipo hombélogo. EL
impacto de la inmunizacidén 19F sobre los organismos 19A no se

entiende bien de estos modelos.

Impacto de Inmunizacién de Conjugado de PolisacArido 6B y 19F

sobre Enfermedad 6A y 19A en Ensayos de Eficacia/Efectividad

El numero de casos de enfermedad debido a los serotipos
6B, 6A, 19F y 19A en ensayos de eficacia 7vPnC y 9vPnC (7vPnC
més los serotipos 1 y 5) se anota en la Tabla 1 [30,10,31].
Los numeros de los casos de enfermedad invasiva son demasiado
pequenos para permitir que cualquier conclusidén sea extraida
para los serotipos 6A y 19A. Sin embargo; el ensayo terminado
para otitis media generd un gran numero de aislados

neumocédcicos [32]. En el andlisis por protocolo 7vPnC fue el

oe

84% (95% Cl 62%, 93%) eficaz contra otitis media debido al
serotipo 6B y 57% (95% Cl 24%, 76%) eficaz contra otitis
media debido al serotipo 6A (Tabla 1). En contraste, la

eficacia especifica del serotipo con 7vPnC no se demostrd

para otitis media debido a 19F o 19A.
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Tabla 1. Casos de Enfermedad Neumocédcica Debido a los
Serotipos 6B, 6A, 19F y 19A en Ensayos de Eficacia con las

Vacunas 7vPnC y 9vPnC

6B 6A 19F 19A

PnC | Contr. | PnC | Contr. | PnC | Contr. | PnC | Contr.
Fnsayo de Eficacia L . 0 1 » 13 0 )
Kaiser - 7vPnC (ITT)
Ensayo de Eficacia

0 5 1 0 1 1 1 0
Navajo - 7vPnC (ITT)
Ensayo de Eficacia
Surafricana - 9vPnC| 1 2 1 0 0 1 3 1
HIV (=) (ITT)
Ensayo de Eficacia
Surafricana - 9vPnC| 1 7 3 10 2 3 2 3
HIV (+) (ITT)
Ensayo Terminado de
Otitis Media 7vPnC| 9% 56 19* 45 43 58 17 26
(PP)

* Eficacia significativa estadisticamente demostrada

De las referencias 30, 10 y 33, y comunicaciones personales
Contr = control

ITT = Intencidn para tratar andlisis

PP = andlisis por protocolo

Los datos de wvigilancia IPD post-comercializacién
también estan disponibles de de un ensayo de control de caso
conducido por los Centros de Control de Enfermedad para
evaluar la efectividad de Prevnar [331. Los casos de
enfermedad invasiva neumocdcica que ocurren en nifios de 3 a
23 meses de edad se identificaron en laboratorios de
vigilancia y coincidieron con tres casos de control por edad
y cédigo zip. Después de obtener consentimiento, la historia

clinica y de inmunizacidén (los sujetos se consideraron
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inmunizados si ellos habian recibido por lo menos una dosis
de Prevnar) se obtuvo de padres y proveedores médicos para
casos y controles. Los resultados preliminares se presentaron
en la reunidén 2003 ICAAC y un resumen de los hallazgos de la
enfermedad 6B, 19F, 19A y 6A estd presente en la Tabla 2.
Estos datos indican que Prevnar es capaz de evitar la
enfermedad debido a 6A, aunque a un nivel que puede ser un
poco inferior que la enfermedad para el serotipo 6B. Estos
datos también indican que 1la

proteccidén cruzada para

enfermedad invasiva debido a 19A es limitada.

Tabla 2. Resultados preliminares de un Ensayo de Control de

Caso Desarrollado por CDC (presente en ICAAC, 2003)

Serotipo Conjuntos Informativos, n VE*
(95% C1)
Tipo de Vacuna, 115 94
AlI=todas (87, 97)
Vacuna Relacionad, AIIX 36 70
(38, 86)
Tipo sin vacuna, AII 43 -4
(=106, 48)
6B 27 94
(72, 99)
19F 19 73
(16, 92)
6A 15 87
‘ (53, 97)
19a 16 40
(-87, 80)

* La efectividad de la vacuna que compara vacunado (21 dosis) vs.
no vacunado, y ajustado para condiciones subyacentes
Referencia 40 y comunicacién personal/confidencial

Un analisis publicado [3] del uso de Prevnar también
indicé que los serotipos 6B y 19F conferian una reduccién
moderada en IPD causada por los serotipos 6A y 19A entre

nifios mencres de dos afios de edad‘(Tabla 1l en [3]). Las tasas
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de la enfermedad entre adultos inmunizados originada por los
serotipos 6A, 9A, 9L, 9N, 18A, 18B, 18F, 19A, 19B, 19C, 23A y
23B  (“todos 1los serotipos relacionados con vacuna”) se
redujeron un poco (Tabla 2 en ([3]). LEstos datos establecen
que la inmunidad grupal proveniente del uso de Prevnar en
nifios de menos de dos afios de edad fue modesta para los
serotipos 6A y 19A, y suministra una base para la inclusidn
de los serotipos 6A y 19A en 1la vacuna 13vPnC de esta

invenciédn.

Conclusidén para la adicién de 6A y 19A

Los datos de vigilancia post-comercializacién y los
resultados del estudio de control por caso anotados en la
FIG. 1 y la Tabla 2 con la vacuna 7vPnC sugieren que,
consistente con la otra informacién sobre las respuestas
inmunes y el desempefioc en los modelos animales descritos
anteriormente, puede haber alguna proteccidén cruzada contra
la enfermedad 6A, pero en una menor proporcidn que con la
enfermedad 6B. Adicionalmente, parece que la proteccidn
contra 19A es limitada. Por lo tanto, una vacuna 13vPnC que
contiene los serotipos 6A y 19A suministra cubrimiento que no
es dependiente de las limitaciones de la proteccidn cruzada

del serogrupo mediante los serotipos 6B y 19F.

De acuerdo con esto, la presente invencién suministra
una composicidén inmunogénica multivalente que comprende 13

diferentes conjugados de polisacadrido-proteina, en donde cada

4
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uno de los conjugados contiene un polisacdrido capsular
diferente conjugado a una proteina portadora, y en donde los
polisacdridos capsulares se preparan de los serotipos 1, 3,
4, 5, 6aA, 6B, 7TF, 9v, 14, 18C, 197, 19F vy 23F de
Streptococcus pneumoniae, junto con un vehiculo
fisioldgicamente aceptable. Una de tales proteinas portadora
es el toxoide de difteria designado CRM;g7. La composicidn
inmunogénica puede comprender ademds un adyuvante, tal como
un adyuvante basado en alﬁminio, tal como fosfato de

aluminio, sulfato de aluminio e hidrdéxido de aluminio.

Los polisacdridos <capsulares se preparan mediante
técnicas estédndar conocidas por aquellos'expertos en el arte.
En la presente invencidén, 1los polisacdridos capsulares se
preparan de los serotipos 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14,
18C, 19A, 19F y 23F de Streptococcus pneumoniae. Estos
conjugados neumocdcicos se preparan mediante procesos
separados y se formulan en una formulacién de dosis simple.
Por ejemplo, en una modalidad, cada serotipo de polisacarido
neumocdécico crece en un medio a base de soya. Los
polisacéridos individuales son entonces purificados a través
de centrifugacidn, precipitacién, ultra-filtracidn, y
cromatografia de columna. Los polisacéfidos purificados son
quimicamente activados para hacer los sacdridos capaces de

reaccionar con la proteina portadora.

Una vez activado, cada polisacdrido capsular es

separadamente conjugado a una proteina portadora para formar

\SS
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un glicoconjugado. En una modalidad, cada polisacéarido
capsular se conjuga a la misma proteina portadora. En esta
modalidad, la conjugacidén se efectila mediante aminacién

reductiva.

La activacién quimica de los polisacédridos vy la
subsecuente conjugacidén a la proteina portadora se logra por
medios convencionales. Ver, por ejemplo, Patentes U.S. Nos.

4,673,574 y 4,902,506 [34,35].

Las proteinas portadoras son preferiblemente proteinas
que son no téxicas y no reactogénicas y obtenibles en
cantidades y pureza suficientes. Las proteinas portadoras
deben ser adecuadas a los procedimientos de conjugacién
estandar. En una modalidad particular de la presente

invencién, el CRM;q; se utiliza como la proteina portadora.

El CRMj;y7; (Wyeth, Sanford, NC) es una variante no tdéxica
(es decir, toxoide) de toxina de difteria aislada de cultivos
de la cepa de Corynebacterium diphtheria C7 (f197) crecida en
dcidos casamino y medio a base de extracto de levadura. El
CRMyg97 se purifica a través de ultra-filtraciédn, precipitacién
de sulfato de amonio, y cromatografia de intercambio de ién.
Alternativamente, el CRM;g7 se prepara recombinantemente de
acuerdo con la Patente U.S. No. 5,614,382, que se incorpora
aqui como referencia. Otros toxoides de difteria son también

adecuados para uso como proteinas portadoras.

S0
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Otras proteinas portadoras adecuadas incluyen toxinas
bacterianas inactivadas tales como el toxoide de tétano, el
toxoide de pertussis, el toxoide de cdbdlera (por ejemplo, como
se describe en la Solicitud de Patente Internacional
W02004/083251 [38]), E. coli LT. E. coli ST, y exotoxina A
proveniente de Pseudomonas aeruginosa. Las proteinas de la
membrana exterior Dbacteriana tal como el complejo c¢ de
membrana exterior (OMPC), poriﬁas, proteinas que se unen a
transferrina, pneumolisina, proteina A de superficie
neumocédcica (PspA), proteina de adhesina neumocdcica (Psahd),
peptidaza Cb5a proveniente del Grupo A o el Grupo B de
Streptococcus, o proteina D de Haemophilus influenzae,
también se puede wutilizar. Otras proteinas, tales como
ovalbumina, hemocianina de lapa ojo de cerradura (KLH),
seroalbumina bovina (BSA) o derivado de proteina purificado
de tuberculina (PPD) también se puede utilizar como proteinas

portadoras.

Después de la conjugacién del polisacarido capsular a la
proteina portadora, los conjugados de polisacarido-proteina
se purifican (enriquecidos con respecto a la cantidad de
conjugado de polisacdrido-proteina) por una variedad de
técnicas. Esas técnicas incluyen operaciones de
concentracién/diafiltracién, precipitacién/elusién,
cromatografia de columna, y filtracién profunda. Ver los

ejemplos adelante.

\Sx
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Después de que los glicoconjugados individuales se
purifican, ellos son compuestos para formular la composicidn
inmunogénica de la presente invencidén, lo cual se puede
utilizar como una vacuna. La formulacién de la composicidn
inmunogénica de la presente invencién se puede lograr
utilizando métodos reconocidos en la técnica. Por ejemplo,
los 13 conjugados neumocdcicos individuales se pueden
formular con un vehiculo fisioldégicamente aceptable para
preparar la composicidn. Ejemplos de tales vehiculos
incluyen, pero no estdn limitados a, agua, solucidén salina
amortiguada, polioles (por ejemplo, glicerol, propilenglicol,

polietilenglicol liquido) y soluciones de dextrosa.

En ciertas modalidades, la composicién inmunogénica
comprenderd uno o mas adyuvantes. Como se define aqui, un
“adyuvante” es wuna sustancia que sirve para mejorar la
inmunogenicidad de una composicién inmunogénica de esta
invencidén. Asi, 1los adyuvantes son dados a menudo para
reforzar la respuesta inmune y son bien conocidos para el
experto. Los adyuvantes adecuados para mejorar la efectividad

de la composicién incluyen, pero no estén limitados a:

(1) sales de aluminio (alumbre), tales como hidréxido de

aluminio, fosfato de aluminio, sulfato de aluminio, etc.;

(2) formulaciones de emulsién de aceite en agua (con o

sin otros agentes inmunoestimulantes especificos tales como
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péptidos de muramilo (definidos adelante) o componentes de

pared celular bacteriana), tales como, por ejemplo,

(a) MF59 (Publicacidén PCT No. WO 90/14837), que
contiene 5% de Squaleno, 0.5% de Tween 80, y 0.5% de Span 85
(que contiene opcionalmente varias cantidades de MTP-PE (ver
adelante, aunque no se requiere) formulada en particulas
submicrénicas gque utilizan un microfluidizador tal como el

microfluidizador Modelo 110Y (Microfludics, Newton, MA),

o\®

(b) SAF, que contiene 10% de Squaleno, 0.4 de
Tween 80, 5% de polimero bloqueado plurédbnico L121, y thr-MDP
(ver adelante) microfluidizado en una emulsidén submicrdénica o

centrifugado para generar una emulsidn de tamafio de particula

mayor, y

(c) Sistema de adyuvante Ribi™ (RAS), (Corixa,
Hamilton, MT) que contiene 2% de Squaleno, 0.2% de Tween 80,
y uno o mas componentes de pared celular bacteriana
proveniente del grupo que consiste de monofosforilipido A 3-
O-desailado (MPL™) descrito en la Patente U.S. No. 4,912,094
(Corixa), dimicolato de trehalosa (TDM), y esqueleto de pared

celular (CWS), preferiblemente MPL + CWS (Detox™);

(3) Adyuvantes de saponina, tales como Quil A o
ESTIMULON™ QS-21 (Antigenics, Framingham, MA) (Patente U.S.
No. 5,057,540) se puede utilizar o particulas generadas de

éstos tales como ISCOM (complejos inmunoestimulantes);

\&
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(4) Lipopolisacéaridos bacterianos, andlogos de lipido A
sintético tales como los compuestés de fosfato de
aminoalquilo glucosalina (AGP), o derivados o andlogos de
éstos, que estén disponibles de Corixa, y que se describen en
la Patente U.S. No. 6,113,918; uno de tales AGP es 2-[(R)-3-
Tetradecanoiloxitetradecanoilaminoletil 2-Deoxi-4-0O-fosfono-
3-0-[(R)-3-tetradecanociloxitetradecanoil]-2-[ (R)=-3-
tetradecanoiloxitetradecanoilamino]~-b~-D-glucopiranosido, que
también es conocido como 529 (anteriormente conocido como
RC529), que se formula como una forma acuosa © CcoOmo una
emulsién estable, polinucledétidos sintéticos tales como
oligonucledétidos que contienen motivo(s) CpG (Patente U.S.

No. 6,207,646);

(5) citoquinas, tales como interleuquinas (por ejemplo,
I.-i, 1I1L-2, IL-4, IL-5, IL-6, 1IL-7, IL-12, 1IL-15, 1IL-18,
etc.), interferoges (por ejemplo, interferdén gama), factor
estimulante de colonia de macréfago de granulosito (GM-CSF),
factor estimulante de colonia de macréfago (M-CSF), factor de

necrosis tumoral (TNF), moléculas coestimuladoras B7-1 y B7-

2, etc;

(6) mutantes destoxificados de una toxina ribosilante de
ADP bacteriano tal como una toxina de cdlera (CT) en forma de
tipo silvestre o mutante, por ejemplo, donde el &cido
glutémico en la posicidén 29 del amino &cido se reemplaza por
otro amino &cido, preferiblemente una histidina, de acuerdo

con el numero de la solicitud de patente internacional
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publicada WO 00/18434 (ver también WO 02/098368 y WO
02/098369), una toxina pertussis (PT), o una toxina labil al
calor de E. coli (LT), particularmente LT-K63, LT-R72, CT-
$109, PT-K9/G129 (ver, por ejemplo, WO 93/13302 y WO

92/19265); vy

{(7) otras sustancias que actuan como agentes
inmunoestimulantes para mejorar la efectividad de 1la

composicidn.

Los péptidos de muramina incluyen, pero no estéan
limitados a, N-acetil-muramil-L-treonil-D-isoglutamina (thr-
MDP), N-acetil-normuramil-L-alanina-2-(1’-2’ dipalmitoil-sn-

glicero-3-hidroxifosforiloxi)-etilamina (MTP-PE), etc.

Las formulaciones de vacuna de la presente invencidén se
pueden utilizar para proteger o tratar un humano susceptible
a infeccidén neumocédcica, por medio de administrar la vacuna
por via de una ruta sistémica o de mucosa. Estas
administraciones pueden incluir inyeccién por via de las
rutas intramuscular, intraperitoneal, intradérmica o
subcutanea; o por via de administracién de mucosa a los
tractos orales/alimentario, respiratorio o genitourinario. En
una modalidad, la administracién intranasal se utiliza para
el tratamiento de neumonia u otitis media (como vehiculo
nasofaringeo de neumococo puede ser mas efectivamente
evitado, atenuando asi la infeccién: en su etapa mas

temprana) .

\ol
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La cantidad de conjugado en cada dosis de vacuna se
selecciona como una cantidad que induce una respuesta inmune
sin efectos significativos adversos. .Tal cantidad puede
variar dependiendo del serotipo neumocdcico. En.general, cada
dosis comprendera 0.1 a 100 1g de polisacéarido,

particularmente 0.1 a 10 pg, y méds particularmente 1 a 5 pg.

Las cantidades éptimas de 1los componentes para una
vacuna particular se pueden establecer mediante estudios
estédndar que involucran la observacidén de las respuestas
inmunes apropiadas en sujetos. Luego de una vacunacién
inicial, los sujetos pueden recibir una o) varias

inmunizaciones de refuerzo adecuadamente espaciadas.

En una modalidad particular de la presente invencién, la
vacuna 13vPnC es una formulacidén liquida estéril de
polisacéridos capsulares neumocédcicos de los serotipos 1, 3,
4, 5, e6A, 6B, 7F, 9V, 14, 18C, 19Aa, 19F, y 23F conjugada
individualmente a CRM;y;. Cada dosis de 0.5 mL se formula para
contener: 2 ng de cada sécérido, excepto para 6B a 4 pg;
aproximadamente 29 pg de proteina portadora CRMpg7; 0.125 mg
de adyuvante de aluminio elemental (0.5 mg de fosfato de
aluminio); y amortiguador de cloruro de sodio y succinato de
sodio como excipientes. El liquido se llena en jeringas de
dosis simple sin un preservativo. Después de agitar, la
vacuna es una suspensién homogénea, blanca lista para

administracidén intramuscular.

ol
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La eleccidén del nivel de dosis de la vacuna 13vPnC es
similar a aquella vacuna 7vPnC comercializada (Prevnar). El1
nivel de dosis de sacarido de 2 pg se selecciona para todos
los serotipos, excepto para 6B, que estd a 4 pg por dosis. La
vacuna 7vPnC ha mostrado una seguridad, inmunogenicidad, vy
eficacia deseable contra IPD en el nivel de dosis de 2 pg de
sacdrido para los serotipos 4, 9V, 14, 18C, 19F y 23F, y en

la dosis de 4 pg para 6B.

El programa de inmunizacidén puede seguir aquel disefado
para la vacuna 7vPnC. Por ejemplo, el programa de rutina para
recién nacidos y nifios que estdn aprendiendo a caminar contra
la enfermedad invasiva causada por S. pneumoniae debido a que
los serotipos incluidos en la vacuna 13vPnC es 2, 4, 6 y 12-
15 meses de edad. Las composiciones de esta invencidén también
son adecuadas para uso con otros nifios, adolescentes vy

adultos.

Las composiciones de esta inveﬁcién pueden ademéds
incluir uno o mé&s antigenos adicionales para uso contra
otitis media causada por infeccién con otras bacterias. Tales
bacterias incluyen Haemophilus influenza, Moraxella
catarrhalis (anteriormente conocida como Branhamella

catarrhalis) y Alloiococcus otitidis.

Ejemplos de antigenos de Haemophilus influenza sin tipo
adecuados para la inclusidén incluye la proteina P4, también

conocida como proteina “e” (Patente U.S. No. 5,601,831;
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Solicitud de Patente Internacional WO03/078453), la proteina
P6, también conocida como el PAL o la proteina PBOMP-1
(Patente U.Ss. No. 5,110,908; Solicitud de Patente
Internacional WO0100790), la proteina P5 (Patente Republicada
U.S. No. 37,741), la proteina de adhesién y penetracién de
Haemophilus (Patentes U.S. Nos. 6,245,337 y 6,676,948), la
proteina de adhesina de punta LKP (Patente U.S. No.

5,643,725) y la proteina NucA {(Patente U.S. No. 6,221,365).

Ejemplos de antigenos de Moraxella catarrhalis adecuados
para la inclusién incluyen la proteina UspA2 (Patentes U.S.
Nos. 5,552,146, 6,310,190), la proteina CD (Patente U.S. No.
5,725,862), la proteina E (Patente U.S. No. 5,948,412) y la
proteina de membrana exterior de 74 kilodalton (Patente U.S.

No. 6,899,885).

Ejemplos de antigenos de Alloiococcus otitidis adecuados
para la inclusidén incluyen aquellos identificados en la

Solicitud de Patente Internacional W003/048304.

Las composiciones de esta invencién también pueden
incluir wuna o mas proteinas de Streptococcus pneumoniae.
Ejemplos de proteinas de Streptococcus pneumoniae adecuadas
para la inclusién incluyen aquellas .identificadas en la
Solicitud de Patente Internacional WO002/083855, asi como
también aquella descrita en la Solicitud de Patente

Internacional W0O02/053761.

|4
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Las composiciones de esta invencidén pueden ademés
incluir una o mds proteinas provenientes de Neisseria
meningitidis tipo B. Ejemplos de proteinas de Neisseria
meningitidis tipo B adecuadas para la inclusidén incluyen
aquellas identificadas en las Solicitudes de Patente
Internacional WO003/063766, W02004/094596, wo01/85772,

WO02/16612 y WO01/87939.

La descripcién anterior describe de manera general la
presente invencién. Un entendimiento completo se puede
obtener mediante referencia a los siguientes ejemplos
especificos. Estos ejemplos se describen solamente con el
propésito de ilustracidn y no pretenden limitar el alcance de

la invencién.
EJEMPLOS
Ejemplo 1
Preparacién de Serotipo 1 de Polisacarido Capsular de S.

Pneumoniae

Preparacién de Bancos de Célula Maestra y de Trabajo

El serotipo 1 de S. pneumoniae se obtuvo del American
Type Culture Collection, ATCC, cepa 6301. Varias generaciones
de reservas de semilla se crearon con el fin de expandir la
cepa y remover los componentes de origen animal (generaciones

Fl, F2, y F3). Dos generaciones adicionales de reservas de
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semilla se produjeron. La primera generacidén adicional se
hizo de un frasco F3, y la generacidén posterior se hizo de un
frasco de la primera generacidén adicional. Los frascos de
semilla se almacenaron congelados (<-70°C) <con glicerol
sintético como criopreservativo. Ademds de los frascos
congelados, los frascos liofilizados se prepararon para la
generacidédn F4. Para la preparacidédn del banco de célula, todos
los cultivos crecieron en un medio a base de soya. Antes de
congelamiento, las células se concentraron mediante
centrifugacién, el medio de gasto fue removido, y las
plaquetas de célula fueron resuspendidas en un medio fresco
que contiene un criopreservativo, tal como glicerol

sintético.

Fermentacién y Cosecha

Los cultivos del banco de célula de trabajo utilizado
para inocular las botellas de semilla contenian un medio a
base de soya. Las botellas se incubaron a 36°C + 2°C sin
agitacién hasta que se cumplieron los requisitos de
crecimiento. Una botella de semilla se utilizé para inocular
un fermentador de semilla que contiene un medio a base de
soya. Un pH de aproximadamente 7.0 se mantuvo con una
solucién de carbonato de sodio estéril. Después de que se
alcanzé la densidad oéptica objetivo, el fermentador de
semilla se utilizé para inocular el fermentador de produccién
que contiene medio a base de soya. El pH se mantuvo con

solucidén de carbonato de sodioc estéril. La fermentacidén se
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termind después de cesar el crecimiento o cuando el volumen
de trabajo del fermentador se alcanzé. Una cantidad apropiada
de desoxicolato de sodio al 12% estéril se agregd al cultivo
para lisar las células bacterianas y liberar el polisacédrido
asociado a la célula. Después de lisar, se enfriaron 1los
contenidos del fermentador. El pH del caldo de cultivo lisado
se ajustdé a aproximadamente pH 6.6 con A&acido acético. El
lisado se clarificd mediante centrifugacidén de flujo continuo

seguido por filtracidén profunda y microfiltracidén a 0.45um.

En un proceso alternativo, el pH de fermentacién de
aproximadamente 7.0 se mantuvo con NaOH 3N. Después de que se
alcanzé la densidad Optica objetivo, el fermentador de
semilla se utilizd para inocular el fermentador de produccidn
que contiene medio a base de soya. El pH se mantuvo con NaOH
3N. La fermentacién se termino después de <cesar el
crecimiento o cuando se alcanzé el volumen de trabajo del
fermentador. Una cantidad apropiada de deoxicolato sodio al
12% estéril se agregdé al cultivo para obtener una
concentracién de 0.12% en el caldo, para lisar las células
bacterianas y liberar el polisacdrido asociado a la célula.
Después de 1lisado, los contenidos .del fermentador se
mantuvieron, con agitacién, durante un intervalo de tiempo
entre 8 y 24 horas a una temperatura entre 7°C y ©°3°C, para
asegurar que la lisis celular completa y la liberacidén del
polisacarido hubiera ocurrido. La agitacidén durante este
periodo de mantenimiento evitd que el sedimento del lisado se

asentara en las paredes del fermentador y la sonda de pH,

\Gx
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permitiendo de esta manera que se mantuviera la integridad de
la sonda de pH. Luego, el pH del caldo de cultivo lisado se
ajustdé a aproximadamente pH 5.0 con &acido acético al 50%.
Después de mantener un tiempo sin agitacién, durante un
intervalo de tiempo entre 12 y 24 horas a una temperatura
entre 15°C y 25°C, una porcidén significativa de las proteinas
previamente solubles desaparecié de 1la solucidén como un
precipitado sélido con poca pérdida. o degradacién del
polisacarido, que permanecidé en la solucidn. La solucidn con
el precipitado se clarificd entonces mediante centrifugacidn
de flujo <continua seguida por filtracién profunda vy

microfiltracién de 0.45 pum.

Purificacién

La purificacidén del polisacdrido neumocdcico consistiéd
de varias operaciones de concentracién/diafiltracién,
precipitacién/elusidén, cromatografia de columna, y etapas de
filtracién profunda. Todos los procedimientos se
desarrollaron a temperatura ambiente a menos que se

especifique otra cosa.

El caldo clarificado proveniente de 1los cultivos del
fermentador del serotipo 1 S. pneumoniae se concentré y se
diafiltrd utilizando un filtro MWCO de 100 kDa (valor de
corte del peso molecular en kilodalton). La diafiltracién se
logrdé wutilizando amortiguador de fosfato de sodio a pH

neutro. La diafiltracién removid los componentes de medio de
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peso molecular bajo provenientes de biopolimeros de peso
molecular mas alto tal como 4&cido nucleico, proteina vy

polisacérido.

El polisacarido se precipitdé de la solucidn concentrada
y diafiltrada al agregar bromuro de hexadeciltrimetil amonio
(HB) proveniente de una solucién madre para dar una
concentracién final de 1% HB (p/v). El precipitado de
polisacadrido/HB se capturd sobre un filtro profundo y el
filtrado se descartd. E1l precipitado de polisacarido se
resolubilizdé y se eluyd al recircular una solucién de cloruro
de sodio a través del filtro profundo que contiene
precipitado. Los filtros fueron entonces enjuagados con una

solucidén adicional de cloruro de sodio.

Se agregdé yoduro de sodio (NalI) a la solucidén de
polisacarido proveniente de una solucidén madre de Nal para
lograr una concentracién final de 0.5% para precipitar HB. El
precipitado se removidé mediante filtracidén profunda. El
filtrado contiene el polisacdrido objetivo. El recipiente de
precipitacién y el filtro se enjuagaron con una solucidén de
NaCl/Nal y el enjuague se combindé con una la solucién de
polisacarido parcialmente purificada. EL filtro se descartéd.
El polisacarido fue entonces filtrado a través de un filtro

de 0.2 um.
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La solucién de polisacdrido se concentré sobre un
ultrafiltro MWCO de 30 kDa y diafiltrado con una solucién de

cloruro de sodio.

La solucidn de polisacdrido parcialmente purificado se
purificé adicionalmente mediante filtracidén a través de un
filtro profundo impregnado con carbono activado. Después de
la filtracidén, el filtro de carbono se enjuagd con una
solucién de cloruro de sodio. El enjuague se combind con la
solucidén de polisacdrido, que es luego filtrada a través de

un filtro de 0.2 pm.

La solucién de polisacdrido se concentrdé sobre un
ultrafiltro MWCO de 30 kDa y se ajustd con un amortiguador de
fosfato de sodio 1M para lograr una concentracidén final de
fosfato de sodio 0.025 M. El pH se revisdé y se ajustd a 7.0 =

0.2.

La columna de hidroxiapatita cerdmica (HA) se equilibré
con amortiguador de fosfato de sodio que contiene cloruro de
sodio para obtener la conductividad apropiada (<15 pS). La
solucidén de polisacarido fue entonces cargada sobre 1la
columna. Bajo estas condiciones, las impurezas unidas a la
resina y al polisacarido se recuperaron en el flujo a través
de la columna. La solucién de polisacarido se filtrd a través
de filtros de linea dentada de 0.2pm localizados antes vy

después de la columna.
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La solucidén de polisacdrido se concentrdé utilizando un
filtro MWCO de 30 kDa. El concentrado fue entonces

diafiltrado con Agua para inyeccién (WFI).

La solucién de polisacdrido diafiltrado se filtré a
través de un filtro de membrana de 0.2 pm en botellas de
polipropileno. Las muestras se removieron para liberar las

pruebas y el polisacarido purificado se almacendé congelado a

-25° % 5°C.

Caracterizacidn

Los datos 1H-NMR fueron consistentes con la estructura
quimica mediante la asignacién de las sefiales asignadas a los
protones de la molécula de polisacéridd. El espectro 1H-NMR
mostré una serie de sefiales bien resueltas (protones
provenientes del grupo metilo) para la cuantificacién del

grupo funcional O-acetilo en el polisacarido.

La identidad del polisacadrido monovalente se confirmd
mediante inmunoelectroforesis de contra corriente utilizando

antisuero especifico.

La cromatografia de filtracién de gel de alto desemperfio
acoplada con el indice de refraccién y detectores de
dispersién de luz léser multi-a&ngulo (MALLS) se utilizo en
conjunto con la concentracién de la muestra para calcular el

peso molecular.

e



10

15

20

WO 2006/110381 35 PCT/US2006/012354

El medio de cromatografia de exclusidén de tamafio (CL-4B)
se utilizd para perfilar la distribucidédn de tamario molecular

relativa del polisacéarido.
Ejemplo 2
Preparacidén de Conjugado de Sacarido de Pneumococo — CRMjgq

Serotipo 1

Activacién y Conjugacidn

Los recipientes del polisacéarido purificados se
descongelaron y se combinaron en un recipiente de reaccién.
Al recipiente, carbonato de sodio 0.2 M, pH 9.0 se agregd
para desacetilacién parcial (hidrdélisis) durante 3 horas a
50°C. La reaccidén se enfridé a 20°C y la neutralizacidn se
desarrolldé mediante &cido acético 0.2 M. La oxidacién en la
presencia de periodato de sodio se desarrolld mediante

incubacidén a 2-8°C, y la mezcla se agitd durante 15-21 horas.

La mezcla de reaccidén de activacién se concentrd y se
diafiltré 10x con NaCl al 0.9% utilizando una membrana MWCO
de 30 K. El retenido fue filtrado a 0.2 um. El sacarido
activado se llendé en botellas de liofilizacién de vidrio de

100 mL y se congeld en cubierta a -75°C y se liofilizé.

“"Congelado en cubierta” es un método para preparar
muestras para liofilizacidén (secado por congelado). Los

recipientes son rotados autométicamente por rodillos
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impulsados por motor en un bafio refrigerado que contiene
alcohol o cualquier otro fluido apropiado. Un recubrimiento
delgado del producto es congelado homogéneamente alrededor
del interior de la “cubierta” del recipiente, que permite que
un mayor volumen de material sea procesado de manera segura
durante cada corrida de secado por congelamiento. Estas
unidades automaticas, refrigeradas suministran unos medios
simples y eficientes de pre—éongelar muchos recipientes a la
vez, produciendo los recubrimientos deseados al interior, vy
suministrando un &area de superficie suficiente para un secado

por congelado eficiente.

Las botellas de material 1licfilizado se 1llevaron a
temperatura ambiente y fueron resuspendidas en solucidén CRM;gy
a una proporcién de sacdrido/proteina de 2:1. A la mezcla de
sacdrido/proteina se agregd un amortiguador de fosfato de
sodio 1M a una concentracién idnica final de 0.2M y un pH de
7.5, luégo se agregd cianoborohidruro de sodio. La reaccidn
se incubdé a 23°C durante 18 horas, seguidoc por una segunda
incubacidén a 37°C durante 72 horas. Luego de las incubaciones
de cianoborohidruro, la mezcla de reaccidén se diluyd con
solucidén salina fria seguida por adicién de carbonato de
sodio 1M para ajustar la mezcla de reaccién a pH 9.0. Los
aldehidos no reaccionados fueron apagados por la adicién de
borohidruro de sodio mediante incubacién a 23°C durante 3-6

horas.
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La mezcla de reaccién se diluyd dos veces con solucidn
salina y se transfirid a través de un prefiltro de 0.45 - 5
pm en un recipiente de retenido. La mezcla de reaccidn se
diafiltrd 30x con amortiguador de fosfato 0.15 M, pH 6, y 20x
con solucidén salina. El retenido fue filtrado a través de un

filtro de 0.2 um.

La solucidén de conjugado se dilﬁyé a un objetivo de 0.5
mg/mL en solucidén salina 0.9%, y luego se filtrd estéril en
recipientes de concentracién de masa final (FBC) en una

caperuza Clase 100. El conjugado se almacend a 2-8°C.

Caracterizacidén

El medio de cromatografia de exclusién de tamafio (CL-4B)
se utilizd para perfilar la distribucién de tamafo molecular

relativa del conjugado.

La identidad del conjugado se confirmé por el ensayo

“slot-blot” utilizando antisuero especifico.

Las concentraciones de sacédrido Y proteina se
determinaron mediante los ensayos de &acido urénico y Lowry,
respectivamente. La proporcidédn de sacdrido a proteina en el
complejo de conjugado covalentemente unido se obtuvo mediante

el calculo:

pg/mL sacarido
Proporcién = ——~=-—v—m—e——-
pg/mL proteina

Y
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El contenido de O-acetilo se mididé por medio del método
Hestrin (Hestrin et al., J. Biol. Chem. 1949, 180, p. 249).
La proporcidén de la concentracién de O-acetilo a la
concentracidén de sacarido total dio pmoles de O-acetilo por

mg de sacarido.
Ejemplo 3
Preparacién del Serotipo 3 de Polisacarido Capsular de S.

Pneumoniae

Preparacién de los Bancos de Célula Maestro y de Trabajo

El serotipo 3 de S. pneumoniae se obtuvo del Dr. Robert
Austrian, Universidad de Pennsylvania, Filadelfia,
Pennsylvania. Para la preparacién del sistema de banco de

células, ver el Ejemplo 1.

Fermentacidén y Cosecha

Los cultivos provenientes del banco de célula de trabajo
se utilizaron para inocular botellas de semilla que contienen
un medio basado en soya. Las botellas se incubaron a 36°C +
2°C sin agitacidén hasta que se cumplieron los requisitos de
crecimiento. Una botella de semilla se utilizdé para inocular
un fermentador de semilla que contiene un medio a base de
soya. Un pH de aproximadamente 7.0 se mantuvo con una
solucidén de carbonato de sodio estéril. Después de que se

alcanzé la densidad &ptica objetivo, el fermentador de
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semilla se utilizé para inocular un fermentador de semilla
intermedio. Después de que se alcanzé la densidad optica
objetivo, el fermentador de semilla intermedio se utilizé
para inocular el fermentador de produccién. El pH se mantuvo
con una solucidén de carbonato de sodio estéril. La
fermentacidén se termind después de que se alcanzdé el volumen
de trabajo del fermentador. Una cantidad apropiada de
desoxicolato de sodio al 12% estéril se agregd al cultivo
para lisar las células bacterianas y liberar el polisacarido
asocilado a la»célula. Después de 1lisar, los contenidos del
fermentador se enfriaron. E1l pH del caldo de cultivo lisado
se ajustd a aproximadamente pH 6.6 con A&cido acético. El
lisado se clarificd mediante centrifugacién de flujo continuo

seguido por filtracién profunda y microfiltracién de 0.45um.

Purificacidn

La purificacién del polisacarido neumocdcico consistid
de varias operaciones de concentracién/diafiltracién,
precipitacién/elusién, cromatografia de columna, y etapas de
filtracidn profunda. Todos los procedimientos se
desarrollaron a temperatura ambiente a menos que @ se

especifique otra cosa.

El caldo clarificado proveniente de 1los cultivos del
fermentador del serotipo 3 de S. pneumoniae se concentrd y se
diafiltré utilizando wun filtro MWCO de 100 kDa. La

diafiltracidén se logrd utilizando un amortiguador de fosfato
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de sodio a pH neutro. La diafiltracidén removid los
componentes de medio de peso molecular bajo provenientes de
los biopolimeros de peso molecular mayor tal como &cido

nucleico, proteina y polisacarido.

Antes de la adicidén de bromuro de hexadeciltrimetil
amonio (HB), un volumen calculado de una solucién madre de
NaCl se agregd a la solucidn de polisacdrido concentrada vy
diafiltrada para dar una concentracidn final de NaCl 0.25 M.
El polisacdrido fue luego ©precipitado al agregar HB
proveniente de una solucidén madre para dar una concentracidn
final de HB al 1% (p/v). El polisacérido/precipitado HB se
capturd sobre un filtro profundo y el filtrado se descartd.
El precipitado de polisacédrido se resolubilizdé y se eluyd al
recircular una solucidén de cloruro de sodio a través del
filtro profundo que contiene precipitado. Los filtros fueron
entonces enjuagados con una solucidén de cloruro de sodio

adicional.

Se agregd yoduro de sodio (NaI) a la solucidn de
polisacarido proveniente de una solucidén madre de Nal para
lograr la concentracién final de 0.5% para precipitar HB. EL
precipitado se removidé mediante filtracidén profunda. El
filtrado contenia el polisacéarido objetivo. El recipiente de
precipitacidén y el filtro se enjuagaron con una solucidén de
NaCl/Nal y el enjuagado se combiné con la solucidén de

polisacédrido parcialmente purificada. El filtro se descartd.
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El polisacadrido fue entonces filtrado a través de un filtro

de 0.2 pum.

La solucidén de polisacdrido se concentrd sobre un
ultrafiltro MWCO de 30 kDa y se diafiltrd con una solucidén de

cloruro de sodio.

La solucidén de polisacdrido parcialmente purificada fue
purificada ademds mediante filtracidén a través de un filtro
profundo impregnado con carbono activado. Después de la
filtracidn, el filtro de carbono se enjuagd con una solucién
de cloruro de sodio. El enjuague se combindé con la solucién
de polisacérido, que fue entonces filtrada a través de un

filtro de 0.2 um.

La solucidén de polisacarido se concentré sobre un
ultrafiltro MWCO de 30 kDa y se ajustd con un amortiguador de
fosfato de sodio 1M para lograr una concentracién final de
fosfato de sodio 0.025M. El pH se revisdé y se ajustd a 7.0 *

0.2.

La columna de hidroxiapatita cerdmica (HA) se equilibréd
con un amortiguador de fosfato de sodio que contiene cloruro
de sodio para obtener la conductividad apropiada (<15 pS). La
solucidén de polisacarido fue entonces cargada sobre la
columna. Bajo estas condiciones, las impurezas unidas a la
resina y al polisacarido se recuperaron en el flujo pasante

desde la columna. El polisacdrido fue fluido a través de la
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columna con amortiguador y luego filtrado a través de un

filtro de 0.2pm.

La solucidén de polisacarido se concentrd utilizando un
filtro MWCO de 30 kDa. El concentrado fue entonces

diafiltrado con WFI.

La solucidén de polisacdrido diafiltrado se f£filtrdé a
través de un filtro de membrana de 0.2 um en recipientes de
acero inoxidable. Las muestras se removieron para liberar 1la
prueba y el polisacarido purificado se almacend congelado a -

25° + 5°C.

Caracterizacién

Los datos 1H-NMR fueron consistentes con la estructura
quimica mediante la asignacién de las sefiales asignadas a los

protones de la molécula de polisacéarido.

La identidad del polisacdrido monovalente se confirmé
mediante inmunoelectrofdéresis de contra corriente utilizando

antisuero especifico.

La cromatografia de filtracidén de gel de alto desempefio
acoplada con el indice de refraccién vy detectores de
dispersién de luz laser multi-Angulo (MALLS) se utilizo en
conjunto con la concentracidén de muestra para calcular el

peso molecular.
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El medio de cromatografia de exclusidén de tamafio (CL-4B)
se utilizé para perfilar la distribucidén de tamafio molecular

relativa del polisacéarido.
Ejemplo 4
Preparacién del Conjugado de Sacarido Neumocdcico — CRM;gy

Serotipo 3

Activacidén y Conjugacidn

Los recipientes del sacdrido serotipo 3 purificados se
descongelaron y se combinaron en un recipiente de reaccidn.
Al recipiente, se agregd WFI vy acido acético 2M a una
concentracién final de 0.2M vy 2mg/mL de sacarido. La
temperatura de la solucidén se elevé a 85°C durante 1 hora
para hidrolizar el polisacdrido. La reaccidén se enfridé a
£25°C y se agregd cloruro de magneéio 1M a una concentracidén
final de 0.1M. La oxidacidén en la presencia de periodato de
sodio se desarrolld mediante incubacidédn durante 16-24 horas a

23°C.

La mezcla de reaccidn de activacién se concentrd y se
diafiltré 10x con WFI utilizando una membrana MWCO de 100 K.

El retenido fue filtrado a través de un filtro de 0.2 pm.

Para componerlo, se agregd fosfato de sodio 0.2M, pH
7.0, al sacarido activado a una concentracién final de 10mM y

un pH de 6.0-6.5. La proteina portadora CRM;g7 se mezcld con

20
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la solucidén de sacédrido a una proporcién de 2g de sacarido
por 1lg de CRMjg7. La solucién de sacérido/proteina combinada
se llend en botellas de liofilizacidén de vidrio de 100 mL con
un llenado objetivo de 50mlL, congelada en recipiente a -75°C,

y liofilizada.

Las botellas de material de sacéarido/proteina co-
liofilizadas se llevaron a temperatura ambiente vy se
resuspendieron en un amortiguador de fosfato de sodio 0.1M,
pH 7.0, a una concentracién de sacarido final de 20 mg/mL. El
pH se ajusté a 6.5 y luego 0.5 de equivalente molar de
cianoborohidruro de sodio se agregaron. La reaccién se incubéd
a 37°C durante 48 horas. Luego de la incubacién de
cianoborohidruro, la mezcla de reaccidén se diluydé con
succinato 5mM/amortiguador de solucidén salina 0.9%. Los
aldehidos no reaccionados fueron apagados mediante la adicién
de borohidruro de sodio y la incubacidén a 23°C durante 3-6
horas. La mezcla de reaccidén se transfiridé a través de un

pre-filtro de 0.45-5 um en un recipiente de retenido.

La mezcla de reaccidén se diafiltré 30x con amortiguador
de fosfato 0.1M (pH 9), 20x con amortiguador de fosfato 0.15M
(pH 6), y 20x con succinato 5mM/solucidén salina 0.9%. El

retenido se filtrd a través de un filtro de 0.2 pm.

La solucidén de conjugado se diluydé a un objetivo de

sacadrido de 0.5 mg/mL, y luego se esterilizé filtrada en

te]
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recipientes FBC en una caperuza Clase 100. El1 conjugado se

almacend a 2-8°C.

Caracterizaciédén

El medio de cromatografia de exclusidn de tamarfio (CL-4B)
se utilizd para perfilar la distribucidén de tamafio molecular

relativa del conjugado.

La 1identidad del conjugado se confirmé mediante un

ensayo “slot-blot2 utilizando antisuero especifico.

Las concentraciones de sacdrido y proteina se
determinaron mediante 1los ensayos de Anthrone y Lowry,
respectivamente. La proporcidédn del sacédrido a proteina en el
complejo de conjugado covalentemente unido se obtuvo mediante
el cédlculo:

pg/mL sacarido
Proporcidén = ---=------———-
pg/mL proteina
Ejemplo 5
Preparacién del Serotipo 5 de Polisacidrido Capsular de S.

Pneumoniae

El serotipo 5 de S. pneumoniae se obtuvo del Dr. Gerald
Schiffman de la Universidad Estatal de New York, Brooklyn,

New York. Para la preparacidén del sistema de banco celular,
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ver el Ejemplo 1. Para la fermentacién, cosecha, purificacién

y caracterizacidn del polisacérido, ver el Ejemplo 1.

Proceso de Fermentacidén Alternativo

Los cultivos provenientes del banco de célula de trabajo
utilizados para inocular las. botellas de semilla que
contienen un medio basado de soya y una solucidén de NaHCOj3
estéril de 10mM. Las botellas se incubaron a 36°C * 2°C sin
agitacidén hasta que se cumplieron los requisitos de
crecimiento. Una botella de semilla se utilizd para inocular
un fermentador de semilla que contiene un medio a base de
soya y una solucidén de NaHCO3 estéril de 10mM. Un pH de
aproximadamente 7.0 se mantuvo con NaOH 3N. Después de que se
alcanzdé la densidad optica objetivo, el fermentador de
semilla se utilizd para inocular el fermentador de produccidn
que contiene un medio a base de soya con una concentracidén de
NaHCO3; de 10mM. El1 pH se mantuvo con NaOH 3N. La fermentacién
se termindé luego de cesar el crecimiento y cuando el volumen
de trabajo del fermentador se alcanzé. Una cantidad apropiada
de desoxicolato de sodio al 12% estéril se agregdé al cultivo
para obtener una concentracién de 0.12% en el caldo, para
lisar las células bacterianas y liberar el polisacarido
asociado a la célula. Después de lisar; los contenidos del
fermentador se mantuvieron, con agitaciédn, durante un
intervalo de tiempo entre 8 y 24 horas a una temperatura de
entre 7°C y 13°C para asegurar que hubiera ocurrido la lisis

celular completa y 1la 1liberacién del polisacarido. La
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agitacidén durante este periodo de mantenimiento evitd que el
sedimento del lisado se asentara en las paredes del
fermentador y la sonda de pH, permitiendo de esta manera que
se mantuviera la integridad de la sonda de pH. Luego, el pH
del caldo de cultivo lisado se ajustd a aproximadamente un pH
de 4.5 con 50% de acido acético. Después de un tiempo de
mantenimiento sin agitacidén, durante un intervalo de tiempo
entre 12 y 24 horas a una temperatura entre 15°C y 25°C, una
porcidén significativa de las proteinas previamente solubles
desaparecieron de la solucidén como un precipitado sdélido con
poca pérdida o degradacién del polisacadrido, que permanecid
en la solucidén. La solucién con el precipitado fue entonces
clarificada mediante centrifugacién de flujo continuo seguido

por filtracidén profunda y microfiltracién a 0.45 um.
Ejemplo 6
Preparacién del Conjugado de Sacarido Neumocdcico Serotipo 5

Activacién y Conjugacidn

Los recipientes del sacarido del serotipo 5 fueron
descongelados y combinados en un recipiente de reaccién. Al
recipiente, se agregaron acetato de sodio 0.1M, pH 4.7,
seguido por oxidacién en la presencia de periodato dg sodio

mediante incubacidén durante 16-22 horas a 23°C.

\2M
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La mezcla de reaccidén de activaciédn se concentrd y se
diafiltrdé 10x con WFI utilizando una membrana MWCO 100K. E1

retenido se filtrd a través de un filtro de 0.2 pm.

El sacarido activado serotipo 5 se.combiné con CRMj;g7; a
una proporcidén de 0.8:1. La solucién de sacarido/proteina
combinada se llend en botellas de liofilizacidén de vidrio de
100 mL (50 mL llenado de objetivo), congelado en cubierta a -

75°C, y co-liofilizado.

Las botellas de material co-liofilizado fueron llevadas
a temperatura ambiente y resuspendidas en fosfato de sodio
0.1M, pH 7.5, y se agregd cianoborohidruro de sodio. La
reaccidén se incubdé a 30°C durante 72 horas, seguido por una
segunda adicidén de cianoborohidruro e incubada a 30°C durante

20-28 horas.

Luego de las incubaciones de cianoborohidruro, la mezcla
de reaccidén se diluyé dos veces con solucidén salina y se
transfirié a través de un pre-filtro de 0.45-5 pm en un
recipiente de retenido. La mezcla de reaccidén se diafiltrd
30x con amortiguador de fosfato 0.01M, pH 8, 20x con
amortiguador de fosfato 0.15M, pH 6, y 20x con 'solucidn
salina. El retenido se filtrdé a través de un filtro de 0.2

pm.

La solucidén de conjugado se diluyé a un objetivo de

sacdrido de 0.5 mg/mL, vy luego estéril se filtrd en
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recipientes FBC en una caperuza Clase 100. El conjugado se

almacend a 2-8°C.

Para la caracterizacién del conjugado, ver el Ejemplo 2.

Ejemplo 7
Preparacién del Serotipo 6A de Polisacarido Capsular de S.

Pneumoniae

El serotipo 6A de S. pneumoniae se obtuvo del Dr. Gerald
Schiffman de 1la Universidad Estatal de- New York, Brooklyn,
New York. Para la preparacién del sistema de banco celular,
ver el Ejemplo 1. Para la fermentacidn, cosecha vy
purificacién del polisacdrido, ver el Ejemplo 1, excepto que
durante la purificacién, la etapa de concentracién de MWCO 30

kDa, se omitid antes de la etapa de cromatografia.
Ejemplo 8
Preparacién del Conjugado de Sacarido Neumocédcico Serotipo 6A

- CRM197

Activacién y Conijugacidn

El polisacarido del serotipo 6A es un polimero de alto
peso molecular que se habia reducido en tamafio antes de la
oxidacién. Los recipientes del sacarido del serotipo 6A se
descongelaron y se combinaron en un recipiente de reaccién.

Al recipiente, se agregdé acido acético 2 M a una

lo®
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concentracién final de 0.1 M para hidrdlisis durante 1.5
horas a 60°C. La reaccidén se enfrié a 23°C vy 1la
neutralizaciédn se desarrolld al ajustar la mezcla de reacciédn
con NaOH 1 M a pH 6. La oxidacién en la presencia de
periodato de sodio se desarrolld mediante incubacidén a 23°C

durante 14-22 horas.

La mezcla de reaccidén de activacidédn se concentrd y se
diafiltrd 10x con WFI utilizando una membrana MWCO 100K. El

retenido se filtrd a través de un filtro de 0.2 pm.

El serotipo 6A se compuso con sucrosa y se llend en
botellas de liofilizacidén de vidrio de 100 mL (50mL llenado

objetivo) y congeladas en cubierta a -75°C y liofilizadas.

Las Dbotellas de material 1liofilizado se 1llevaron a
temperatura ambiente y resuspendidas ‘en dimetilsulféxido
(DMSO) a una proporcién de sacidrido/proteina de 1l:1. Después
de la adicidén de cianoborohidruro de sodic, la mezcla de
reaccidédn se incubd a 23°C durante 18 horas. Luego de la
incubacidén de cianoborohidruro, la mezcla de reaccidén se
diluyé con solucién salina fria. Los aldehidos no
reaccionados fueron apagados mediante adicidén de borohidruro

de sodio mediante incubacidén a 23°C durante 3-20 horas.

La mezcla de reaccidn diluida se transfirid a través de
un pre-filtro de 5 pm en un recipiente de retenido. La mezcla

de reaccidén se diafiltrd 10x con NaCl 0.9% y 30x con NaCl

\¢r
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amortiguado con succinato. El retenido se filtrd a través de

un filtro de 0.2 pm.

La solucidén de conjugado se diluydé a un objetivo de
sacarido de 0.5 mg/mL, vy luego -estéril se filtrdé en
recipientes FBC en una caperuza Clase 100. El conjugado se

almacend a 2-8°C.

Para la caracterizacién del conjugado, ver el Ejemplo 2.

Ejemplo 9
Preparacién del Serotipo 7F de Polisacarido Capsular de S.

Pneumoniae

El serotipo 7F de S. pneumoniae se obtuvo del Dr. Gerald
Schiffman de la Universidad Estatal de New York, Brooklyn,
New York. Para la preparacién del sistema de banco celular, vy
para la fermentacién y cosecha del polisacarido, ver el
Ejemplo 3. Para un proceso de fermentacién y de cosecha
alternativos, ver el proceso alternativo descrito en el

Ejemplo 1.

Purificacién

La purificacidén del polisacarido neumocdcico consistid
de varias operaciones de concentracién/diafiltracidn,
precipitacién/elusién, cromatografia de columna, y etapas de

filtracién profunda. Todos los procedimientos se
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desarrollaron - a temperatura ambiente a menos que se

especifique otra cosa.

El caldo clarificado proveniente de cultivos del
fermentador del serotipo 7F de S. pneumoniae se concentrd vy
se filtrdé utilizando un filtro MWCO de 100 kDa. 1La
diafiltracién se logrd utilizando un amortiguador de fosfato
de sodio a pH neutro. La diafilt;acién removidé los
componentes medios de bajo peso molecular provenientes de los
biopolimeros de peso molecular mayor tal como &cido nucleico,

proteina y polisacéarido.

El serotipo 7F no forma un precipitado con HB. En su
lugar, las impurezas se precipitaron de la solucidn
concentrada y diafiltrada al agregar el HB proveniente de una
solucién madre a una concentracién final de 1% de HB. El
precipitado se capturd sobre un filtro profundo y el filtro

se descarto. El polisacéarido estaba contenido en el filtrado.

Se agregdé yoduro de sodio (NaI) a la solucidn de
polisacdrido proveniente de la solucidén de Nal madre para
lograr una concentracién final de 0.5% para precipitar HB. El
precipitado se removidé mediante filtracién profunda. E1
filtrado contenia el polisacdrido objetivo. El recipiente de
precipitacién y el filtro se enjuagaron con una solucién de
NaCl/Nal y los enjuagues se combinaron con la solucién de

polisacarido parcialmente purificada. E1 filtro se descarté.



15

20

25

WO 2006/110381 53 PCT/US2006/012354

El polisacédrido fue entonces filtrado a través de un filtro

de 0.2 um.

La solucién de ©polisacarido se .concentré sobre un
ultrafiltro MWCO de 30 kDa y se diafiltrd con una solucién de

cloruro de sodio.

La solucidén de polisacdrido parcialmente purificada se
purificdé adicionalmente mediante filtracidén a través de un
filtro profundo impregnado con carbono activado. Después de
la filtracidén, el filtro de carbono se enjuagd con una
solucién de cloruro de sodio. El enjuague se combind con la
solucidédn de polisacdrido, que luego se filtrd a través de un

filtro de 0.2 pm.

La solucidén de polisacérido se concentrd sobre un
ultrafiltro MWCO de 30 kDa y se ajustd con un amortiguador de
fosfato de sodio 1M para lograr una concentracién final de
fosfato de sodio 0.025M. El pH se revisdé y se ajustd a 7.0 =%

0.2.

La columna de hidroxiapatita cerdmica (HA) se equilibré
con un amortiguador de fosfato de sodio que contiene cloruro
de sodio para obtener la conductividad apropiada (15 pS). La
solucidén de polisacdrido fue entonces cargada sobre la
columna. Bajo estas condiciones, las impurezas unidas a la
resina y el polisacdrido se recuperaron en el flujo pasante

desde la columna. El polisacdrido fluyé a través de la
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columna con amortiguador y se filtrd a través de un filtro de

0.2 pm.

La solucién de polisacarido se concentrd utilizando un
filtro MWCO de 30 kDa. E1l concentrado fue entonces

diafiltrado con WFI.

La solucidén de polisacdrido diafiltrada se filtro a
través de un filtro de membrana de 0.2 pm en recipientes de
acero inoxidable. Las muestras se removieron para liberar el

ensayo y el polisacdrido purificado se almacend a 2° - 8°C.

Para la caracterizacidén del polisacidrido, ver el Ejemplo

Ejemplo 10

Preparacidén del Conjugado de Sacarido Neumocbdcico Serotipo TF

- CRM197

Activacién y Conjugacidn

La oxidacidén en la presencia de periodato de sodio se

desarrolld mediante la incubacidn durante 16-24 horas a 23°C.

La mezcla de reacciédn de activacidn se concentrd y se
diafiltrdé 10x con NaOAc 10mM, pH 4.5, utilizando una membrana
MWCO 100K. El retenido se filtrdé a través de un filtro de 0.2

pm,
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El serotipo 7F se lleno en botellas de liofilizacidén de
vidrio de 100 mL (50 mL de llenado objetivo) y congeladas en

cubierta a -75°C y licfilizadas.

Las botellas del serotipo liofilizado 7F y CRMjy; se
llevaron a temperatura ambiente vy fuefon resuspendidas en
DMSO a una proporcién de sacadrido/proteina de 1.5:1. Después
de la adicidén de cianoborohidruro de sodio, la reaccidn se
incubd a 23°C durante 8-10  horas. Los aldehidos no
reaccionados fueron apagados mediante la adicién de
borohidruro de sodio mediante incubacién a 23°C durante 16

horas.

La mezcla de reaccidn se diluyd 10 veces con‘solucién
salina fria y se transfiridé a través de un pre-filtro de 5 pm
en un recipiente de retenido. La mezcla de reaccidén se
diafiltrdé 10x con solucién salina 0.9% y 30x con solucién
salina amortiguada con succinato. El1 retenido se filtrd a

través de un filtro de 0.2 pm.

La solucidén conjugada se diluydé con un objetivo de
sacarido de 0.5 mg/mL solucidén salina 0.9%, y luego estéril
se filtrd en recipientes FBC en una caperuza Clase 100. El

conjugado se almacendé a -8°C.

Para caracterizacién del conjugado, ver el Ejemplo 4.

\a’
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Ejemplo 11
Preparacién del Serotipo 19A de Polisacarido Capsular de S.

Pneumoniae

5 El serotiﬁ)o 19A de S. pneumoniae se obtuvo del Dr.
Gerald Schiffman de la Universidad Estatal de New York,
Brooklyn, New York. Para la preparacidén del sistema de banco
celular, ver el Ejemplo 1. Para la fermentacién, cosecha y

purificacién del polisacdrido, ver el Ejemplo 7. Para la

. 10  caracterizacién, ver el Ejemplo 3.

Ejemplo 12
Preparacidén del Conjugado de Sacarido Neumocdcico Serotipo
19A - CRM;o9

15

Activacidén y Conjugacién

Los recipientes del sacédrido serotipo 19A fueron
descongelados y combinados en un recipiente de reaccién. Se

20 agregd acetato de sodio a 10 mM (pH 5.0) y la oxidacién se
llevé a cabo en la presencia de periodato de sodio mediante

incubacién durante 16-24 horas a 23°C.

La mezcla de reaccidn de activacidédn se concentrd y se
25 diafiltré 10x con acetato 10mM, pH 5.0, utilizando wuna
mempbrana MWCO 100K. El1 retenido se filtrd a través de un

filtro de 0.2 pm.
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El sacarido activado se compuso con sucrosa seguido por
la adicidén de CRMjg7. El sacarido activado con serotipo 192 vy
la mezcla CRM;g; (proporcidén 0.8:1) se llend en botellas de
liofilizacidén de vidrio 100 mL (50 mL llenado de objetivo),

congeladas en cubierta a -75°C, y liofilizadas.

Las botellas de material liofilizado fueron llevadas a
temperatura ambiente y resuspendidas en DMSO. A la mezcla de
sacadrido/proteina, se agregd cianoborohidruro de sodio (100
mg/ml). La reaccidén se incubd a 23°C durante 15 horas. Luego
de 1la incubacién de cianoborohidruro, los aldehidos no
reaccionados fueron apagados mediante la adicidén de
borohidruro de sodio mediante incubacién a 23°C durante 3-20

horas.

La mezcla de reaccidn se diluyd 10 veces con solucidn
salina fria y se transfiridé a través de 'un prefiltro de 5 pm
en un recipiente de retenido. La mezcla de reaccién se
diafiltrd 10x con 0.9% de NaCl, se filtrdé 0.45 pm, y 30x con
diafiltracién utilizando un amortiguador de succinato
5mM/NaCl 0.9%, pH 6. El retenido se filtrd a través de un

filtro de 0.2 um.

La solucidén de conijugado se diluydé a un objetivo de 0.5
mg/mL utilizando succinato 5mM/solucién salina 0.9%, y luego
filtrada estéril en recipientes FBC en una caperuza Clase

100. El1 conijugado se almacendé a 2 - 8°C.°
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Para la caracterizacidén del conjugado, ver el Ejemplo 4.

Ejemplo 13

Preparacidén de los Serotipos 4, 6B, 9V, 14, 18C, 19F y 23F de

Polisacarido Capsular de S. Pneumoniae

Preparacién del Cultivo de Semilla de S. pneumoniae

Los serotipos 4, 6B, 9V, 18C, 19F y 23F de S. pneumoniae
se obtuvieron del Dr. Gerald Schiffman, Universidad Estatal
de New York, Brooklyn, New York. El serotipo 14 S. pneumoniae

se obtuvo del ATCC, cepa 6314.

Separadamente, un frasco de cada uno de los serotipos
deseados de Streptococcus pneumoniae se utilizé para iniciar
una tanda de fermentacidén. Dos botellas que contienen un
medio a base de soya y rojo fenol se ajustaron a un rango de
pH de 7.4 £+ 0.2 utilizando carbonato de sodio, y el volumen
requerido de la solucidn de dextrosa al 50%/sulfato de
magnesio al 1% se agregaron luego a las botellas. Las dos
botellas se inocularon con diferentes cantidades de semilla.
Las botellas se incubaron a 36° * 2°C hasta que el medio se
volvié amarillo. Luego de la incubacién, las muestras se
removieron de cada botella y se ensayaron para densidad
bptica (OD) (0.3 a 0.9) y pH (4.6 a 5.5). Una de las dos

botellas se selecciond para la inoculacidén del fermentador de

. semilla.
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El medio a base de soya se transfiridé al fermentador de
semilla y se esterilizé. Luego se agregd un volumen de
solucidén 50% de dextrosa/l% de sulfato de magnesio al
fermentador. E1l pH y la agitacidén del fermentador de semilla
se monitorearon y se controlaron (pH 6.7 a 7.4). La
temperatura se mantuvo a 36° + 2°C. La inoculacién de semilla
(botella) fue conectada asépticamente al fermentador de
semilla y el indéculo fue transferido. E1 fermentador se
mantuvo en un control de ©pH vy ias muestras fueron
peridédicamente removidas y probadas para OD y pH. Cuando el
OD deseado de 0.5 a 600 nm se alcanzd, el fermentador
intermedio se inoculdé con el —caldo de fermentacidn

proveniente del fermentador de semilla.

El medio a base de soya se transfiridé al fermentador
intermedio y se esterilizd. Luego una solucidn de dextrosa al
50%/sulfato de magnesio 1% volumen se agregd al fermentador.
El pH y la agitacién del fermentador intermedio se
monitorearon y controlaron (pH 6.7 a 7.4). La temperatura se
mantuvo a 36° * 2°C. Los contenidos del fermentador de
semilla se transfirieron al fermentador intermedio. E1
fermentador se mantuvo en control de pH y las muestras se
removieron periddicamente y se probaron para OD y pH. Cuando
el OD deseado de 0.5 a 600 nm se alcanzd, el fermentador de
produccidén se inoculd con un caldo de fermentacién

proveniente del fermentador intermedio.
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El medio a base de soya se transfiridé al fermentador de
produccidén y se esterilizéd. Luego se agregd un volumen de 50%
de dextrosa/l% de solucién de sulfato de magnesio. El pH y la
agitacidén del fermentador de produccién se monitorearon vy
controlaron (pH 6.7 a 7.4). La temperatura se mantuvo a 36° *
2°C. El1 fermentador se mantuvo en control de pH y las
muestras se removieron periddicamente y se probaron para OD y

pPH, hasta que se completd la fermentacidn.

Se agregd desoxicolato de sodio al fermentador a una
concentracién final de aproximadamente 0.12% p/v. El1 cultivo
se mezcld durante un minimo de treinta minutos y el punto de
ajuste de la temperatura se redujo a 10°C. El1 cultivo se
incubdé durante toda la noche y luego de confirmacién de
inactivacién, el pH del cultivo se ajustd a entre 6.4 y 6.8,
segun fuera necesario, con 50% de 4cido acético. La
temperatura del fermentador se incrementé a 20° + 5°C y los
contenidos se transfirieron al tanque de mantenimiento de

clarificacién.

Los contenidos del tanque de mantenimiento de
clarificacién (incluyendo los desechos celulares) se
procesaron a través de una centrifuga a una tasa de flujo
entre 25 y 600 litros por hora (excepto el Serotipo 4, en
donde los desechos de célula fueron descartados y la tasa de
flujo ajustada a entre 25 y 250 litros- por hora). Las
muestras del sobrenadante se removieron y se ensayaron para

OD. El OD deseado durante la centrifugacién fue <£0.15.
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Inicialmente, el sobrenadante fue recirculado a través
de un montaje de filtro profundo hasta que se logrdé un OD de
0.05 £ 0.03. Luego el sobrenadante pasdé a través del montaje
de filtro profundo y a través de un filtro de membrana de

0.45 pm al tanque de mantenimiento de filtrado.

Posteriormente, el producto se transfiridé a través de

tubos cerrados al area de purificacidn para procesamiento.

Todas las operaciones anteriores (centrifugaciédn,
filtracidén y transferencia) se desarrollaron entre 10°C a

30°C.
Para wuna fermentacidén alternativa y un proceso de
cosecha para los serotipos 4 y 6B, ver el proceso alternativo

descrito en el Ejemplo 1.

Purificacién

La purificacién de cada polisacarido neumocdcico
consistid de varias operaciones de
concentracién/diafiltracidn, precipitacién/elusiédn,
cromatografia de columna, y etapas de filtracién profunda.
Todos los procedimientos se desarrollaron a temperatura

ambiente a menos que se especifique otra cosa.

El caldo clarificado proveniente de los cultivos del

fermentador del serotipo de S. pneumoniae deseado se

199
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concentrdé y se diafiltrd utilizando un filtro MWCO de 100
kDa. La diafiltracidén se logrdé utilizando amortiguador de
fosfato de sodio a pH < 9.0. La diafiltracidén removid los
componentes medios de peso molecular bajo provenientes de
biopolimeros de ©peso molecular mayor tales como &cido

nucleico, proteina y polisacéarido.

El polisacarido se precipitdé de la solucidn concentrada
y diafiltrada al agregar HB proveniente de una solucién madre
para dar una concentracién final de 1% de HB (p/v) (excepto
el Serotipo 23F, que tuvo una concentracidén final de 2.5%).
El polisacarido/precipitadec HB se capturdé sobre un filtro
profundo y el filtrado se descartd. (Nota: el Serotipo 14 no
se precipité; por lo tanto el filtrado se retuvo). E1
precipitado del polisacarido se resolubilizd y se eluyd al
recircular una solucién de cloruro de sodio a través de un
filtro profundo que contiene precipitado. Los filtros fueron
entonces enjuagados con una solucién de cloruro de sodio

adicional.

Se agregd yoduro de sodio (NalI) a 1la solucién de
polisacdrido proveniente de una solucidén de Nal madre para
lograr una concentracidén final de 0.5% para precipitar HB
(excepto para el Serotipo 6B, que tuvo una concentracién
final de 0.25%). El precipitado se removidé mediante
filtracién profunda. E1 filtrado conténia el polisacéarido
objetivo. El filtro se descartd. El polisacarido fue luego

filtrado a través de un filtro de 0.2 pjm.
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La solucidén de polisacarido se concentrd sobre un
ultrafiltro MWCO de 30 kDa y se diafiltrdé con una solucidn de

cloruro de sodic.

La solucidén de polisacadrido parcialmente purificada se
purificdé adicionalmente mediante filtracidén a través de un
filtro profundo impregnado con carbono activado. Después de
la filtracidén, el filtro de carbono se enjuagd con una
solucién de cloruro de sodio. El enjuague se combind con la
solucién de polisacdrido, la cual fue entonces filtrada a

través de un filtro de 0.2 pm.

La solucién de polisacédrido se concentrd sobre un
ultrafiltro MWCO de 30 kDa y el filtro se enjuagd con una
solucién de cloruro de sodio. El pH se revisdé y se ajusto a

7.0 £ 0.3.

La columna de hidroxiapatita cerédmica (HA) se equilibré
con amortiguador de fosfato de sodio que contiene cloruro de
sodio hasta que el pH es 7.0 +* 0.3 y la conductividad era 26
* 4uS. La solucidn de polisacarido fue entonces cargada sobre
la columna. Bajo estas condiciones, las impurezas unidas a la
resina y al polisacdrido se recuperaron en el flujo pasante
desde la columna. La solucidén de polisacidrido se filtrd a

través de un filtro 0.2 um.
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La solucidén de polisacarido se concentré utilizando un
filtro MWCO de 30 kDa. El concentrado fue entonces

diafiltrado con WFI hasta que la conductividad era < 15pS.

La solucidén de polisacérido diafiltrada fue filtrada a
través de un filtro de membrana de 0.2pm en recipientes en

masa y almacenados a 2-8°C.
Ejemplo 14
Preparacién de Conjugados de Sacarido Neumocdcicos — CRMjgq

para los Serotipos 4, 6B, 9V, 14, 18C, 19F y 23F

Proceso de Activacidn

Los sacdridos de serotipo diferente luego de diferentes
sendas para activacidén (hidrédlisis o no hidrdlisis antes de
activacién) y conjugacién (reacciones acuosas o DMSO) como se

describid en este ejemplo.

El polisacadrido se transfiridé desde los recipientes de
masa al recipiente de reactor. El polisacdrido fue entonces
diluido en WFI y fosfato de sodio a un rango de concentracién

final de 1.6 - 2.4 mg/mL.

Etapa 1

Para los serotipos 6B, 9V, 14, 19F y 23F, el pH se

ajustd a pH 6.0 £ 0.3.
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Para el serotipo 4, se agregd 4&cido clorhidrico
(concentracién de acido final 0.01 M) y la solucidn se incubd
durante 25 - 35 minutos a 45° % 2°C. La. hidrélisis se detuvo
y se enfridé a 21 - 25°C y se agregd fosfato de sodio 1M a un
objetivo de pH 6.7 * 0.2. Un ensayo en proceso fue hecho para

confirmar el nivel apropiado de la despiruvilacién.

Para el serotipo 18C, se agregdé 4acido acético glacial
(concentracidén de acido final 0.2M) y la solucidn se incubd
durante 205 - 215 minutos a 94° + 2°C. La temperatura fue
entonces disminuyendo a 21 - 25°C y se agregé 1 - 2M de

fosfato de sodio a un objetivo de pH 6.8 + 0.2.

Etapa 2: Reaccién de Periodato

Los equivalentes molares de periodato de sodio
requeridos para la activacién de sacdrido neumocdédcico se
determinaron utilizando el contenido de sacarido total
(excepto para el serotipo 4). Para el serotipo 4, se utilizé
una proporcidn de 0.8-1.2 moles de periodato de sodio por mol
de sacarido. Con una mezcla completa, a la reaccién de
oxidacidén se le permitid proceder entre 16 a 20 a 21 - 25°C
para todos los serotipos excepto 19F para el cual la

temperatura fue < 15°C.

Etapa 3: Ultrafiltracién

0L
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El sacarido oxidado se concentrd y se diafiltrd con WFI
(0.01 M amortiguador de fosfato de sodio pH 6.0 para el
serotipo 19F) sobre un ultrafiltro MWCO de 100 kDa
(ultrafiltro 5 kDa para 18C). El permeado se descartd y el

retenido se filtrd a través de un filtro de 0.22 pm.

Etapa 4: Liofilizaciébén

Para los serotipos 4, 9V, y 14 el sacarido concentrado
se mezcld con una proteina portadora CRM;g7, se llend en
botellas de vidrio, se congeld.en cubierta y se almacend a <
-65°C. El sacarido concentrado congelado - CRMyg7 se liofilizé

y luego se almacendé a -25° + 5°C.

Para los serotipos 6B, 19F, 'y 23F una cantidad
especifica de sucrosa se agregd la cual se calculdé para
lograr una concentracién de sucrosa de 5% + 3% en la mezcla
de reaccién de conjugacién. E1l Serotipo 18C no requiere
adicién de sucrosa. El sacadrido concentrado fue entonces
llenado en botellas de vidrio, congelado en cubierta vy
almacenado a < -65°C. El sacarido concentrado congelado se

liofilizd y luego se almacend a -25° % 5°C.

Proceso de Conjugacidn

Se utilizaron dos procesos de conjugacidn: conjugacidn
acuosa para los serotipos 4, 9V, 14 y 18C, y la conjugacién

DMSO para los serotipos 6B, 19F y 23F.
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Conjugacidén Acuosa

Etapa 1: Disoluciédn

Para los serotipos 4, 9V y 14, lé mezcla de sacarido
activado liofilizado - CRM;g; se descongeld y se equilibrd a
temperatura ambiente. El sacarido activado liofilizado -
CRMj97; fue entonces reconstituido en un amortiguador de

fosfato de sodio 0.1M a una proporcidén tipica de:

e 1L de amortiguador por 16 - 24 g de sacarido para el

serotipo 4 y 9V

¢ 1L de amortiguador por 6 - 10 de sacdrido para el serotipo

14

La mezcla de reaccidn se 1incubd a 37° + 2°C hasta una
disolucidén total para el serotipo 9V y a 23° + 2°C para los

serotipos 4 y 14.

Para el serotipo 18C, el sacéarido 1liofilizado se
reconstituyé en una solucidén de CRM;97 en fosfato de sodio
dibadsico 1M a una proporcidén tipica de 0.11 L de fosfato de
sodio por 1 L de solucidén CRM;g97. La mezcla de reaccién (8-12
g/L concentracién de sacarido) se incubdé a 23° + 2°C hasta

disolucidén total.

El pH se probd como un control en proceso en esta etapa.
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Etapa 2: Reaccidén de Conjugacidn

Para los serotipos 4 y 9V, la reaccidédn de conjugacidn se
inicidé al agregar la solucidén de cianoborohidruro de sodio
(100 mg/mL) para lograr 1.0 - 1.4 moles de cianoborohidruro
de sodio por mol de sacadrido. La mezcla de reaccidén se incubd
durante 44 - 52 horas a 37° £ 2°C. La temperatura se redujo
entonces a 23° % 2°C y se agregd cloruro de sodio 0.9% al
reactor. La solucién de borohidruro de sodio (100 mg/mL) se
agregbé para lograr 1.8 - 2.2 equiyalentes molares de
borohidruro de sodio por mol de sacarido. La mezcla se incubbd
durante 3 - 6 horas a 23° + 2°C. La mezcla se diluyd con
cloruro de sodio 0.9% y el reactor se enjuagdé. La mezcla de
conjugacidn diluida se filtrd utilizando un pre-filtro de 1.2

am en un recipiente de soporte.

Para los serotipos 14 y 18C, la reaccién de conjugacidn
se 1inicidé al agregar la solucidén de cianoborohidruro (100
mg/mL) para lograr 1.0 - 1.4 moles de cianoborohidruro de
sodio por mol de sacarido. La mezcla de reaccidn se incubd
durante 12 - 24 horas a 23° + 2°C. La temperatura se
incrementd a 37° + 2°C y la reaccidn se incubd durante 72 -
96 horas. La temperatura se redujo entonces a 23° + 2°C y se
agregd cloruro de sodio 0.9% al reactor. Se agregd una
solucidén de borohidruro de sodio (100mg/mL) para lograr 1.8 -
2.2 de equivalentes molares de borohidruro de sodio por mol
de sacarido. La mezcla se incubd durante 3 - 6 horas a 23° #*

2°C. La mezcla se diluydé con 0.9% de cloruro de sodio y el
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reactor se enjuagd. La mezcla de conjugacidédn diluida fue
entonces filtrada utilizando 1.2 pm de pre-fitro en un

recipiente de soporte.

Etapa 3: Ultrafiltracién 100 kDa

La mezcla de conjugacién diluida se concentrd y se
diafiltrd sobre un ultrafiltro MWCO de 100 kDa con un minimo
de 15 volumenes (serotipo 4) o 40 volumenes (serotipos 9V,

14, y 18C) de cloruro de sodio 0.9%.

El perneado se descartd.
Para el serotipo 4, el retenido se filtrd a través de
0.45 pm de filtro.

Un control en proceso (contenido de sacarido) se

desarrolld en esta etapa.

Etapa 4: Purificacién de Columna HA

Esta etapa fue solamente desarrollada para el conjugado

serotipo 4.

La columna HA fue neutralizada primero wutilizando
amortiguador de fosfato de sodio 0.5M (pH 7.0 + 0.3) y luego
equilibrada con cloruro de sodio 0.9%. El retenido filtrado
(serotipo 4) se cargd sobre la columna’a una proporcién de
flujo de 1.0 L/min. La columna se lavéd con 0.9% de cloruro de

socdio a una tasa de flujo de £ 2.0 L/min. El producto fue
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luego eluido con amortiguador de fosfato de sodio 0.5M a una

tasa de flujo de £ 2.0 L/min.

La fraccidén de HA fue entonces concentrada y diafiltrada
sobre una membrana MWCO de 100 kDa con un minimo de 20

volumenes de cloruro de sodio 0.9%. El permeado se descarté.

Etapa 5: Filtracién de Estéril

El retenido después de diafiltraciédn MWCO de 100 kDa se
filtrdé a través de un filtro de 0.22 um. Los controles en
procesos (contenido de sacdrido, proteina libre, sacarido
libre y cianuro) se desarrollaron sobre el producto filtrado.
Los controles en proceso sobre el retenido filtrado se
desarrollaron para determinar si la concentracién adicional,
diafiltracidén, y/o dilucidén eran necesarias para cumplir los
objetivos FBC. Estas y pruebas adicionales se repitieron en

muestras FRC.

Segun fuera necesario, el conjugado filtrado se diluyé
con cloruro de sodio 0.9% con el fin de lograr una
concentracién final de menos de 0.55 .g/L. Las pruebas de
liberacidén para el contenido de sacdrido, contenido de
proteina y proporcién de sacirido:proteina se desarrolld en

esta etapa.

Finalmente, el conjugado se filtrdé (0.22 pm) y se llend

en tarros de acero inoxidable de 10 L a una cantidad tipica

§O
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de 2.64 g/tarro. En esta etapa, el rendimiento, contenido de
sacéarido, contenido de proteina, pH, proporcién
sacdrido:proteina y contenido de lisina se desarrollaron como
controles en proceso. La prueba de liberacidén (apariencia,
proteina libre, sacarido libre, endotoxina, determinacidn de
tamanio molecular, cianuro residual, identidad de sacarido,

identidad CRM;e7) se desarrolld en esta etapa.

Conjugacién DMSO

Etapa I: Disoluciédn

Los serotipos de sacarido activado liofilizado 6B, 19F,
23F y la proteina portadora CRM;y; liofilizada se equilibraron
a temperatura ambiente y se reconstituyeron en DMSO. La
concentracién de disolucidén tipicamente varidé desde 2-3

gramos de sacarido (2-2.5 g de proteina) por litro de DMSO.

Etapa II: Reaccién de Conjugaciédn

El sacarido activado y la proteina portadora CRM;y; se
mezclaron durante 60 - 75 minutos a 23° + 2°C a un rango de
proporcién de 0.6 g - 1.0 g de sacarido/g CRMiy; para los
serotipos 6B y 19F o 1.2 a 1.8 g sacdrido/g CRMjs; para el

serotipo 23F.

La reaccién de conjugacidén se inicidé al agregar la

solucién de cianoborohidruro de sodio (100mg/mL)v a una
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proporcidn de 0.8 - 1.2 equivalentes molares de

" cianoborohidruro de sodio a un mol de sacarido activado. E1

WEFI se agregd a la mezcla de reaccidédn a un objetivo de 1%

(v/v) y la mezcla se incubdé durante 40 horas a 23° + 2°C.

La solucidén de borohidruro de sodio, 100 mg/mL (tipica

1.8 - 2.2 equivalentes molares de borohidruro de sodio por
mol de sacarido activado) y WFI (objetivo 5% v/v) se
agregaron a la reaccidn y la mezcla se incubd durante 3 - 6

horas a 23° % 2°C. Este procedimiento redujo cualquiera de
los aldehidos no reaccionados presentes sobre los sacaridos.
Luego la mezcla de reaccidn se transfiridé a un tanque de

disolucidén que contiene 0.9% de cloruro de sodio a < 15°C.

Etapa III: Ultrafiltracién 100 kDa

La mezcla de conjugado diluida se filtrdé a través de un
filtro de 1.2 pym y se concentrdé y diafiltrdé en una membrana
MWCO de 100 kDa con un minimo de 15 volumenes de cloruro de
sodio 0.9% (fosfato de sodio 0.0l1M/amortiguador de NaCl 0.05M
se utilizd para el serotipo 23F). El permeado se descarté. EL
retenido se filtrdé a través de un filtro de 0.45 pm. Una
muestra de contenido de sacdrido en proceso se tomdé en esta

etapa.

Etapa IV: Purificacién de Columna DEAE

Esta etapa se desarrolld solamente para el serotipo 23F.
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La columna DEAE se equilibré con fosfato de sodio
0.01M/amortiguador de cloruro de sodio 0.05M. El1 retenido
filtrado (serotipo 23F) se cargd sobre la columna y se lavd
con fosfato de sodio 0.0lM/amortiguador de cloruro de sodio
0.05M. La columna fue 1luego lavada con fosfato de sodio
0.01M/amortiguador de NaCl 0.9%. El producto fue entonces
eluido con fosfato de sodio 0.01M/amortiguador de cloruro de

sodio 0.5M.

Etapa V: Ultrafiltracién 100 kDa

El retenido de 6B y 19F se concentrd y se diafiltrd con
por lo menos 30 volumenes de cloruro de sodio 0.9%. E1

permeado se descartd.

El eluido del serotipo 23F se concentré y se diafiltréd
con un minimo de 20 volumenes de cloruro de sodio 0.9%. E1

permeado se descartd.

Etapa VI: Filtracidén Estéril

El retenido después de diafiltracidén MWCO de 100 kDa se
filtrd a través de un filtro de 0.22 um. Los controles en
proceso (contenido de sacédrido, proteina 1libre, sacéarido
libre, DMSO residual y cianuro residual) se desarrollaron
sobre el producto filtrado. Los controles en proceso sobre el

retenido filtrado se desarrollaron para determinar si la

2\0
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concentracién adicional, diafiltracidén, y/o dilucidén eran
necesarias para cumplir con los objetivos FBC. Estas vy

pruebas adicionales se repitieron en muestras FBC.

Segun fuera necesario, el conjugado filtrado se diluyd
con cloruro de sodio 0.9% para lograr una concentracién final
de menos de 0.55 g/L. Las pruebas de liberacidén para el
contenido de sacarido, contenido de proteina y proporcidn de

sacdrido:proteina se desarrollaron en esta etapa.

Finalmente, el conjugado se filtrd (0.22 pm) y se lleno
en tarros de acero inoxidable de 10 L a una cantidad de 2.64
g/tarro. En esta etapa, el rendimiento, contenido de
sacérido, contenido de proteina, pH, proporcidn
sacédrido:proteina y contenido de lisina se desarrollaron como
contrecles en proceso. La prueba de liberacién (apariencia,
proteina libre, sacarido libre, endotoxina, determinacién de
tamafio molecular, cianuro residual, DMSO residual, identidad

de sacarido e identidad CRMjy7) se desarrolld en esta etapa.

Ejemplo 15
Formulacién de una Vacuna de Conjugado Neumocdcica

Multivalente

Los concentrados de masa finales de los 13 conjugados
contienen 0.85% de cloruro de sodio. Los concentrados en masa
del tipo 3, 6A, 7F y 19A también contienen amortiguador de

succinato de sodio 5 mM a pH de 5.8. Los volumnes requeridos
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de los concentrados en masa se calcularon con base en el
volumen de tanda y las concentraciones de sacarido en masa.
Después del 80% del cloruro de sodio 0.85% (solucidén salina
fisioldgica) y la cantidad requerida de amortiguador de
succinato se agregaron al recipiente de formulacidén pre-
marcado, Sse agregaron concentrados de masa. La preparacién
fue entonces filtrada estéril a través de una membrana de
0.22 pm en un segundo recipiente al utilizar una unidad de
filtro de membrana Millipore Durapore. El primer recipiente
se lavd con el restante 20% del cloruro de sodio 0.85% y la
solucidén se pasd a través del mismo filfro y se recolectd en
el segundo recipiente. La masa formulada se mezcld suavemente
durante y luego de la adicidén del fosfato de aluminio en
masa. E1l pH se revisdé y se ajustd si era necesario. Ll

producto de masa formulado se almacend a 2-8°C.

El producto de masa formulado se 1llendé en jeringas de
vidrio de borosilicato Tipo 1 obtenidas de Becton Dickinson.
La vacuna se monitored a intervalos regulares para turbidez
para asegurar la uniformidad de la operacidén de llenado. La

vacuna llenada (Producto Final) se almacend a 2-8°C.

Ejemplo 16

Inmunogenicidad de la Vacuna de Conjugado 1l3~Valente

A la fecha, los estudios preclinicos desarrollados sobre
una vacuna 13vPnC han sido en conejos. Los estudios #HTO1l-

0021 y #HT01-0036 se disefiaron para examinar

AL
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independientemente el efecto de la conjugacidén quimica de los
polisacéridos capsulares (PS) de S. pneumoniae a CRMjs7 y el
efecto del adyuvante de fosfato de aluminio (AlPQ4) sobre la
respuesta inmune a la vacuna 13vPnC en conejos. Estos efectos
se caracterizaron por el ELISA especifico de antigeno para
las concentraciones IgG de suero y para la funcidén de

anticuerpo por ensayo opsonofagocitico (OPA).

Estudio #HT01-0021

El estudio #HT01-0021 examindé la capacidad de la vacuna
13vPnC con el adyuvante AlPO; para elicitar las respuestas
inmunes especificas del serotipo de la vacuna. Los serotipos
neumocdédcicos representados en la vacuna 13vPnC incluyen los
tipos 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F y 23F.
Los objetivos secundarios incluyeron una evaluacién de las
cinéticas y 1la duracién de la respuesta del anticuerpo.
Conejoé Blancos de Nueva Zelanda se inmunizaron
intramuscularmente en la semana 0 y en la semana 2 con la
dosis clinica humana planeada de cada polisacarido (2 pg de
cada PS, excepto 4 pg de 6B) formulada con o sin ALPO; (100
pg/dosis). Se recolectd suero en varios puntos de tiempo. E1
IgG especifico de serotipo se mididé mediante ELISA y se

evalué la actividad funcional mediante OPA.

La Tabla 3 muestra el titulo medic geométrico (GMT)
logrado en muestras de suero agrupadas, luego de dos dosis de

la vacuna 13vPnC. Una proporcidén del IgG GMT se utilizd para

U5
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comparar las respuestas durante la semana 4 a la semana 0.
Estos datos demuestran que la inclusiédén del AlPO; en la
formulacidén 13vPnC elicitd mayores niveles del anticuerpo IgG
en comparacién con la misma vacuna sin adyuvante. Aunque las
respuestas de anticuerpo fueron mayores cuando AlPO; se
incluyé en la formulacidén, estos incrementos no fueron

estadisticamente significativos.

Las respuestas de anticuerpo funcional también se
evaluaron en conejo luego de la inmunizacién con las dos
formulaciones 13vPnC (Tabla 4). Cuando se compara las
formulaciones de vacuna con o sin adyuvante, los GMT de OPA
mayores se oObservaron en el grupo de tratamiento de wvacuna
13vPnC + AlPO4. Los titulos OPA se detectaron en grupos de
suero en la semana 4 a todos los serotipos de vacuna en ambos
grupos. Para la mayoria de los serotipos, los titulos de OPA
medidos en la semana 4 fueron por lo menos 4 veces mayores

qgue aquellos en la semana cero (linea base).

Las respuestas cinéticas de cada uno de los serotipos de
vacuna 13vPnC se evaluaron de los grupos de suero de ambos
grupos de tratamiento. Los titulos IgG-de cada serotipo se
midieron de muestras de sangre en la semana 0 y en las
semanas 1, 2, 3, 4, 8, 12, 26, y 39 y luego comparadas. Con
la excepcidén del serotipo 1, las respuestas de anticuerpo en
animales que recibieron vacuna adyuvada fueron superiores a
aquellas que recibieron vacuna no adyuvada y el pico en la

semana 2 del programa de inmunizacién (datos no mostrados).
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En total, 1los datos indicaron que la vacuna 13vPnC
formulada con fosfato de aluminio es inmunogénica en conejos,
elicitando respuestas de anticuerpo sustanciales a los
polisacaridos capsulares neumocdcicos contenidos en la vacuna
y estas respuestas estan asociadas con actividad funcional.
Las respuestas observadas a los siete serotipos nlcleo luego
de inmunizacién con 13vPnC + AlPO, son consistentes con las
respuestas histdéricas de los conejos a la formulacidn

heptavalente.
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Tabla 3. Respuestas Inmunes IgG en Conejo (GMT) Luego de Inmunizacidn con Dos Dosis de Glicoconjugado

Neumocdcico 13-Valente

Diluyente con ALPO,* 13vPnC® 13vPnC + ALPO,®
Proporcidén Semana 4 Proporcién Semana 4 roporcidn
Serotipo Semana 0 Semana 4 Wk4 :WkO Semana 0 (95%C1) Wkd :Wk0 Semana 0 (85% Cl) Wk4:WkO0
1 < 100 < 100 1.0 50 (2’7558'_91226,733) 119 50 (5’3;%122?093) 222
3 < 100 < 100 1.0 50 (2,7763'_614571932) 133 58 (7,0;21?8}?106) 284
4 < 100 < 100 1.0 50 (8,0;?122?875) 271 50 (15,32492'_15853’508) 584
5 134 < 100 0.4 50 (2,4550'_81549,009) 117 50 (619‘})2'_13?140) 334
6A 141 < 100 0.4 74 (11,92827’—44115,914) 303 83 (21,1??—1;;,146) 768
68 < 100 < 100 1.0 57 (3,5684'_11088,444) 142 54 (11’22836'_54085,955) 435
77 3,859 579 0.2 171 (26,94331,—57901,557) 444 143 (46’422_'_6523151) 496
ov 289 995 3.4 205 7,199 39 616) 125 208 (23’5;_3733510) 217
14 437 177 0.4 61 (3,4166'?1036’962) 113 70 (9,6ig:(2)2?785) 322
18¢ < 100 < 100 1.0 50 (15, 119525, 725) 426 50 (24,708 5. 692) 701
192 < 100 < 100 1.0 121 (54,515 296,707 939 144 (115, 557 660, 167) 1,951
i9F < 100 < 100 1.0 50 (7’31&2122’5090) 287 50 (9,22;17:2}/?141) 498
23F < 100 < 100 1.0 50 (1,8954,—31243,962) 106 50 (4,7%?123}018) 301
a: Los GMT de suero agrupados consistieron de volimenes iguales de suero de cada conejo individual con un grupo
b: Estadisticamente diferente (p=0.022) del grupo de tratamiento sin ALPO,

S
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Tabla 4. GMT OPA de S. pneumoniae para Grupos de Suero de
Conejo NZW luego de Inmunizacién con Dos Dosis de

Glicoconjugado Neumocédcico 1l3-Valente

13vPncC? 13vPnC + ALPO,*
Serotipo Semana 0 Semana 4 Pl;;f 40:1;;(1-'06“ Semana 0 Semana 4 va.;f;;;(ioén

1 <8 64 16 <8 64 16

3 <8 8 2 <8 16 4

4 <8 16 4 <8 32 8

5 <8 128 32 <8 512 128

- 6A 8 128 le 8 512 64
6B <8 256 64 8 _ 1,024 128

. TF 8 64 8 8 128 16
169V 8 64 8 8 128 16

14 16 32 2 16 32 2

18C 8 256 32 <8 256 64
19Aa <8 256 64 <8 1,024 256

19F <8 128 32 <8 512 128

23F 8 64 8 <8 256 64

a: Los grupos consistieron de volumenes iguales de suero provenientes de
conejos individuales dentro de un grupo de tratamiento (n=12)

Estudio #HT01-0036

El estudio #HT01-0036 compard las respuestas inmunes de
conejo con los polisacaridos (PS) contenidos en la vacuna,
después de inmunizacién con la vacuna 13vPnC con o sin
conjugacién a la proteina CRM;s;. Los conejos Blancos de Nueva
Zelanda se inmunizaron intramuscularmente en la semana 0 y la
semana 2 con una dosis de 2.2 pg de cada PS (excepto 4.4 pg
de 6B). Los animales recibieron una de tres preparaciones de
vacuna: (a) 13vPnC (PS directamente conjugado a CRM;o7), (b)
13vPnC, (PS libre) o (c) 13vPnC + CRMis7 (PS libre mezclado
con CRMjg7) . Todas las preparaciones de vacuna contenian ALPO,

como el adyuvante en 125 upg/dosis.
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Las respuestas inmunes especificas de serotipo para
todas las preparaciones de vacuna se evaluaron en un ELISA
IgG y un anticuerpo funcional que mide el OPA mediado por
complemento. Las respuestas inmunes se compararon entre los

grupos de tratamiento.

La Tabla 5 presenta los datos GMT obtenidos desde los
sangrados en semana 4 analizados en los ELISA de 1IgG
especifico de antigeno. Andlisis adicionales muestran la
proporcidén de los valores GMT en la semana 4 a la semana O.
Los datos indican que la preparacién de vacuna de conjugado
elicitdé mayores titulos IgG de suero que el PS libre o la
vacuna PS + CRMpg; libre. Con la excepcién del S. pneumoniae
tipo 14, la vacuna 13vPnC fue capaz de inducir los
anticuerpos funcionales para las cepas fepresentativas de S.
pneumoniae en un OPA (Tabla 6). Después de dos inmunizaciones
con cualquiera de las vacunas 13vPnPS o 13vPnPS + CRM;g7,
ninguno podria inducir titulos OPA 2 8 veces en la semana 4
con relacidén a la semana 0 para 10 fuera de los 13 serotipos

medidos (Tabla 6).

En conclusiédn, estos resultados indican que la
conjugacién de 1los polisacdridos de vacuna neumocdcica 13-
valente produce titulos IgG de suero mayor y una activiad de
anticuerpo funcional mayor total qué la vista <con el

polisacarido libre solo o mezclado con el CRMyg7 no conjugado.

08
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Tabla 5. Respuestas IgG de Conejo (GMT) al PnPs por ELISA Luego de Inmunizacidn con Dos Dosis de

Glicoconjugado Neumocdcico 13-Valente

13vPnPS = CRM,,

3vPnPS (PS libre) (PS mezclado con CRM;g7) 13vPnC
Semana 4 Proporcidn Semana 4 Proporcién Semana 4 Proporcidén
Serotipo Semana 0 (95%C1) Wk4 :WkO Semana 0 (85%C1) Wk4 :WkO Semana 0 {95%C1) Wk4:WkO
1 378 (84§i§,9390) 5.8 395 (80;,—2,5339) 5.0 412 (29,13350,?4740,417) 76.2
3 >7 (642—49008) 4.2 89 (741—63358) 1.8 50 (10,41104’—411;, 676) 208.3
4 50 (1532359) 7.6 50 (313f27178) 12.1 50 (9,1131183?224) 257.8
3 343 (11?250) 43 =0 (143201) 6.4 50 (24,43657,—25604,824) 7053
ea 154 (312?288) 3.0 o8 (952—14064) 2.1 163 (167,§ggl—§gg,283) 1,437.1
&s 63 (38427375) 1.6 6z (38421, 410) 12.0 131 (22,93334'—54999,222> 256.3
7E 50 (396—195) .2 50 (47j§11) 1.4 30 (24,33550,—75022,347) 714.0
v 50 (481—01495) 2.1 55 (741—63990) 3.0 50 (34,?25973§T007) 1,000.7
14 66 (113?357) 4:5 50 (711—-95535) | 3.9 50 (12,028071—13221,138) \ 402.4
18c 89 (65523, 58) 1r-s 66 (300??1935) 1.5 101 (32,7451124, 641) 7074
ea 50 (44279) 1.8 =0 (39?263) 1.6 20 (12,82537’—44825,723) 469.7
1oF ot (5551312,%17) 22.3 61 (370?2,1654) 16.3 67 (12,51593'—33538,173) 288.9
23F 73 (48%12?220) 14.9 121 (3ll?i,83ll) 5-3 68 (25,14354,—98742,089) 676.1

bY}
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Tabla 6. OPA de S. pneumoniae para Grupos de Suero de Conejo
luego de Inmunizacién con Dos Dosis de Vacunas Neumocdcicas

13-Valentes

Titulos OPA

Sin 13vPnPS + CRM;qy
tratamiento 13vPnPS (PS (PS libre
’ 13vPnC
libre) mezclado con
- CRM, g9
Serotipo Semana 0° Semana Proporcién Semana Qroporcién Semana Proporcién
4 Wkd :WkO 4 Wk :WkO 4 Wk4 :WkO
1 4 16 4 16 4 8 32
3 4 4 1 4 1 4 8
4 4 4 1 4 1 4 64
5 4 32 8 16 4 16 64
6A 8 64 8 32 4 32 664
6B 8 64 8 32 4 32 32
' 7F 16 32 2 16 1 16 16

v 16 16 1 32 2 32 8
14 16 16 1 16 1 16 2
18cC 4 16 4 16 4 8 64
19a 8 8 1 8 1 16 64
19F 4 4 1 4 1 8 64
23F 16 32 2 16 1 32 32

a: Utilizado como valores de semana 0 para todos los grupos

- Se debe entender que la discusidén anterior vy los

ejemplos simplemente presentan una descripcién detallada de
ciertas modalidades. Por lo tanto debe ser evidente para
aquellos expertos en 1la técnica que varias modificaciones
equivalentes se pueden hacer sin apartarse del espiritu vy

alcance de la invenciédn.

Todos los articulos de revista, otras referencias,
patentes y solicitudes de patente que se identifiquen en esta
solicitud de patente se incorporan como referencia en su

- totalidad.
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REIVINDICACIONES

1. Una composicién inmunogénica multivalente que comprende 13 diferentes de
conjugados de polisacarido-proteina junto con un vehiculo fisiolégicamente aceptable, en
donde cada uno de los conjugados comprende un polisacarido capsular de un serotipo
diferente de Steptococcus pneumoniae conjugado a una proteina portadora y los polisacéaridos
capsulares se preparan de los serotipos 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F y 23F, en
donde la proteina portadora es CRMy; y donde la conjugacién se afecta por aminacién

reductiva.

2. La composicion inmunogénica de la reivindicacién 1, comprende, ademas un adyuvante.

3. La composicién inmunogénica de la reivindicaciéon 2, en donde el adyuvante es fosfato

de aluminio.

4, La composicion inmunogénica multivalente que comprende 13 diferentes conjugados de
polisacarido-proteina, junto con un vehiculo fisiolégicamente aceptable, en donde cada uno de
los conjugados comprende un polisacarido capsular de un serotipo diferente de Steptococcus
pheumoniae conjugado a una proteina portadora y los polisacaridos capsulares se preparan de
los serotipos 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F y 23F, en donde la proteina
portadora es CRM;o; y en donde cada dosis de 0,5 mL se formula para contener: 2,2 ug de
cada sacarido, excepto para 6B a 4,4 pg; aproximadamente 29 ug de ia proteina portadora
CRMyg7; 0,125 mg de adyuvante de aluminio elemental (0,5 mg de fosfato de aluminio), y

cloruro de sodio y amortiguador de succinato de sodio como excipientes.

5. Una jeringa de dosis Unica llenada con una formulacién liquida esteril de polisacaridos
capsulares neumocécicos de los serotipos 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F y 23F,
individualmente conjugada a CRM;g¢;, en donde cada dosis de 0,5 mL se formula para contener;
2,2 ug de cada sacarido, excepto para 6B a 4,4 ug; aproximadamente 29 ug de la proteina
portadora CRMg7; 0,125 mg de adyuvante de aluminio elemental (0,5 mg de fosfato de

aluminio), y cloruro de sodio y amortiguador de succinato de sodio como excipientes.
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6. Una jeringa de dosis Unica llenada con una formulacion liquida esteril de polisacaridos
capsulares neumococicos de los serotipos 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F y 23F,
individualmente conjugada a CRMs7, en donde cada dosis de 0,5 mL se formula para contener:
2 ug de cada sacarido, excepto para 6B a 4 pg; aproximadamente 29 ug de la proteina
portadora CRM,g7; 0,125 mg de adyuvante de aluminio elemental (0,5 mg de fosfato de

aluminio), y cloruro de sodio y amortiguador de succinato de sodio como excipientes.

7. La jeringa de dosis Unica de la reivindicaciéon 5 u 6 para administracion intramuscular.

8. Un proceso para preparar una composicion inmunogénica que comprende 13 diferentes
conjugados de polisacarido-proteina junto con un vehiculo fisiolégicamente aceptable, en
donde cada uno de los conjugados contiene un polisacarido capsular diferente conjugado a la

proteina portadora CRMys7, en donde:

los polisacaridos capsulares se preparan de los serotipos 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14,

18C, 19A, 19F y 23F de Steptococcus pneumoniae;

los polisacéridos individuales se purifican a través de centrifugacion, precipitacién,

ultrafiltracion y cromatografia de columna;

los polisacaridos purificados se activan quimicamente para hacer los sacaridos capaces

de reaccionar con la proteina portadora CRM;g7;

una vez activado, cada polisacarido capsular se conjuga separadamente a la proteina

portadora CRM;g; para formar un glicoconjugado;

los glicoconjugados individuales se purifican y son compuestos para formular la composicién
inmunogénica:

9. El proceso de la reivindicacion 8 en donde la conjugacion se afecta por aminacién
reductiva.
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10. Un proceso para preparar una composicién inmunogénica multivalente que comprende
13 diferentes conjugados de polisacarido-proteina junto con un vehiculo fisioldgicamente
aceptable, en donde cada uno de los conjugados comprende un polisacarido capsular de un
serotipo diferente de Steptococcus pneumoniae conjugado a una proteina portadora y los
polisacaridos capsulares se preparan de los serotipos 1, 3, 4, 5, 6A, 68, 7F, 9V, 14, 18C, 19A,
19F y 23F, en donde la proteina portadora es CRMy;, en donde después de que son
purificados los glicoconjugados individuales ellos son compuestos para formular la composicion

inmunogénica.
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