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1. Yo, Luz Clemencia DE PAEZ, en mi condicién de apoderada de la sociedad solicitante
de la patente de la referencia, me refiero al oficio No. 14387 notificado por fijacidn en lista
del 5 de noviembre de 2010.

2. Mediante memorial radicado el dia 27 de enero de 2011 solicité plazo de treinta (30)
dias para atender el oficic No. 14387.

3. Mediante oficio No. 14387 se puso en conoccimiento del solicitante el informe que
contiene las observaciones hechas por su Despacho sobre la presente solicitud de
patente. Las observaciones realizadas en el oficio son |as siguientes:

3.1 Reivindicaciones

El Examinador considera que “se caracieriza inapropiadamente una composicion
farmacéutica en las reivindicaciones 2-21 por ser usada para ciertas condiciones 0
enfermedades y en las 6 y 22 porque el compuesto A y el B se administran al mismo
tiempo ¢ por separado a ciertos intervalos”.
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CAVELIER

ABOGADOS

Adicionalmente, afirma que el término “ademas” de las reivindicaciones 23 a 26es
inapropiado debido a que los elementos de dichas reivindicaciones ya se encuentran
definidos en la reivindicacion 1.

Finalmente, considera que "“no existe soporte para toda la materia reclamada, pues la
descripcién sélo presenta un ejemplo de una composicion que contiene olmesartan
medoxomil y azelnidipina”. Adicionalmente, considera que "el efecto técnico esta basado
en la combinacién de estos activos mediante un método de tratamiento (al ser co-
administrados cada uno en dosis mg/fg/dia; folio 119-122, pag. 36-39) y no mediante una

composicién gue los contenga como se reclama’.

3.2 Andlisis de patentabilidad

3.2.1 Nivel Inventivo

Considera el Examinador que “la materia reclamada es obvia a las ensefanzas de D1
(composicion de valsartdn —un bifeniltetrazol antagonista de angiotensina Il- y un
bloqueado de canales de calcio derivado de dihidropiridinas —como amlodipino o
amlodipinc besilato, entre otros-) y las sugerencias de D2 (cambiar el derivado de
bifeniltetrazol: valsartéan por olmesartan medoxomil) para un experto en la materia, por lo

gue tal materia no tienen nivel inventivo”.

4. Respuesta a [as objeciones

De este modo y con el objeto de atender las objeciones arriba mencionadas, se desea
poner de presente las siguientes modificaciones, aclaraciones y argumentos:

4.1 Modificacidon de una solicitud en tramite

De acuerdo con el articulo 34 de |la Decision 486 de la Comisién de la Comunidad Andina,
donde se establece que la modificacién de una solicitud es posible en cualgquier momento
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del tramite mientras no implique una ampliacién de la solicitud inicial, me permito

presentar un nuevo pliego reivindicatorio conformado por & reivindicaciones.

La reivindicacidon 1 ha sido modificada con el fin de revelar de manera completa las
caracteristicas esenciales de la formulacion reclamada. Asl, de acuerdo con dicha
maodificacién, dicha reivindicacién revela que la composicién comprende tanto el receptor
de angiotensina que corresponde al compuesto {5-metil-2-oxo-1,3-dioxolen-4-il)metilo -4-
(1-hidroxi-1-metiletil)-2-propil-1-[[2’-(1H-tetrazol-5-il)bifenil-4-iljmetillimidazol-5-carboxilato

o a una sal farmacologicamente aceptable del mismo, como el bloqueador de los canales

de calcio que se selecciona de azelnidipina, amlodipina ¢ besilato de amiodipina.

De otro lado, las reivindicaciones 2 a 22 no han sido inciuidas en el nuevo pliego
reivindicatorio con el fin de evitar hacer referencia al uso de la composicion reclamada. En
consecuencia, las anteriores reivindicaciones 23 a 26 (ahora reivindicaciones 2 a 5) se
han modificado con el fin de evitar hacer referencia a! término “ademas”. Sin embargo,
deseamos poner de presente que dichas nuevas reivindicaciones dependientes 2 a 5

delimitan la materia ya revelada en 1a nueva reivindicacion independiente 1.

Solicitamos atentamente tener en cuenta este nuevo pliego reivindicatorio que
consideramos, cumple con las disposiciones de la Decisidn 486 y permite ademas,

superar las objeciones formuladas por el Examinador.

4.2 Aclaraciones con respecto a_la objecién por falta de sustento

El Examinador considera que “no existe soporte para toda la materia reclamada, pues la
descripcidn solo presenta un ejemplo de una composicion que contiene olmesartan
medoxomil y azeinidipina”. Adicionalmente, considera que “el efecto técnico esta basado
en la combinacién de estos activos mediante un método de tratamiento (al ser co-
administrados cada uno en dosis mg/fg/dia; folio 112-122, pag. 36-39) y no mediante una
composicidn que los contenga como se reclama’.

De lo anterior, deseamos aclarar que nos alejamos de ia posicién de Examinador debido a

que la afirmacién citada reconoce que la descripcién de la presente solicitud revela un
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Ejemplo de composicionh que contiene olmesartan medoxomil y azelnidipina, los cuales
corresponden a los componentes revelados en la nueva reivindicacidon 3 (haciendo
referencia al Ejemplo de preparacién revelado en la pagina 40 de la descripcidn). Mas
ampliamente, con relacién a los componentes A) y B) de la composicion reclamada, cabe
aclarar que dicha composicidn se encuentira revelada en la pagina 27 de ta descripcién. El
componente B) se encuentra ejemplificado mediante 'a azelnidipina revelada en la pagina
23 de la descripcion y mediante el besilato de amlodipina revelado en la pagina 26 de la
descripcion.

Adicionalmente, con respecto a la afirmacion del Examinador en cuanto a que el efecto
técnico mejorado revelado en la descripcion, haciendo referencia a los ejemplos 1 a 3, fue
establecido mediante un tratamiento en donde ei componente A) (olmesartan medoxomil)
y el bloqueador de los canales de calcio (el compuesto B} son administrados por
separado, deseamos poner de presente que es usual que dos medicamentos se
administren por separado debido a la practicidad que implica en la determinacién del
efecto de una composicion que comprende dos componentes (medicamentos), la
administracién de dichos dos medicamentos por separado. Sin embargo, cabe aclarar que
a pesar de que el hecho de administrar los dos medicamentos por separado resulte
conveniente para probar la combinacién inventiva de los mismos, dicho hecho no debe
restarle valor a que a lo largo de la descripcion se revela explicitamente que la presente
invencién corresponde a una composicion que comprende dos medicamentos como
ingredientes activos.

Adicionalmente, deseamos aclarar gue la ensefianzas presentes en la especificacion
permiten a una persona versada en la materia reproducir la composicién reclamada.

Asl las cosas, solicitamos respetuosamente se de por superada la objecion relacionada
con la falta de sustento en la descripcién de la composicion reclamada.
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4.3 Arqumentos a favor del nivel inventivo de la solicitud

En concordancia con el Articulo 18 de la Decisién 486, una invencién se considerara
fnventiva si la misma no hubiese resultado obvia a partir del arte previo, para una persona

del oficio normaimente versada en la materia.

Esto a su vez implica que el Examinador a cargo de esta evaluacién debe colocarse en el
momento exacto en el que el inventor buscaba resolver el problema técnico contemplado
en la solicitud y para el cual poseia la literatura y el conocimiento disponibles en dicho

momento.

Siguiendo entonces los lineamientos de la Jurisprudencia aplicable al andlisis del nivel
inventivo de una solicitud de patente, se considera que una anterioridad o una
combinacién de dos anterioridades puede afectar dicho requerimiento de patentabilidad, si
una persona medianamente versada en la materia encuentra ensefianzas o sugerencias
claras que le indiquen cémo llegar a la invencidn reivindicada.

— Inictalmente, deseamos poner de presente lo siguiente con respecto a las

anierioridades citadas:

La anterioridad D1 (US2001049384) revela un método de tratamiento y una composicion
farmacéutica que comprende un antagonista de la angiotensina |1, valsartan, en
combinacion con un blogueador de los canales de calcio, el cual se encuentra
ejemplificado mediante 18 compuestos, los cuales inciuyen los tres blogqueadores de
canales de calcio revelados en la nueva reivindicacidn 1 de la presente invencion.

Asi en el parrafo [0017] dicha anterioridad afirma que la combinacién de valsartan y un

blogueador de los canales de calcio “...resulta no solo en un efecto sinérgico sino también
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en...". Lo anterior es la dnica mencion en D1 con respecto a un efecto sinérgico; sin
embargo, D1 no incluye prueba alguna en donde se establezca la efectividad terapéutica
de las composiciones alli reveladas, o en donde dicha efectividad corresponda a un efecto
sinérgico.

Para el analisis de la anterioridad D2 (JP2002145770) deseamos poner de presente que
se ha tomado su equivalente EP1314425A1. De esta manera, ia anterioridad D2 revela en
el resumen lo siguiente:

‘La presente invencién se relaciona con composiciones farmacéuticas, que
contienen un inhibidor selectivo de la HMG-CoA reductasa seleccionado dei
grupo que consiste de pravastatina, simvastatina, lavastatina, pitavastatina y
ZD-4522; y un antagonista del receptor de la angiotensina |l y opcionalmente

comprende adicionalmente un bloqueador de los canales de calcio”.

Cabe aclarar que D2 no revela una composicion que comprenda olmesartan o olmesartan

medoxomil y un blogueador de los canales de calcio.

Ahora bien, con respecto al anélisis realizado por el Sefior Examinador, deseamos poner
de presente lo siguiente:

Inicialmente, es importante aclarar que es bien sabido que una persona versada en ia
materia como regla general no puede concluir a partir de una formulacién para un
ingrediente activo, las caracteristicas que se requieren para una formulacion con otro
ingrediente activo. Lo anterior se debe basicamente a las diferentes propiedades quimicas
y biolégicas de los dos ingredientes activos, entre ofras cosas.

- De otro lado, deseamos se tengan en cuenta los siguientes datos comparativos:
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El ejemplo de prueba 1 de la presente solicitud establece el efecto sinérgico de la
combinacién de olmesartan y azelnidipina para la inhibicion de la proliferacién de células
musculares lisas vasculares. Los ejemplos de prueba 2 y 3 establecen el efecto sinérgico
de la combinacion de olmesartan medoxomil y azelnidipina en el tratamiento de ia

hipertensian,

Adicionalmente, deseamos hacer referencia a los resultados de ensayos comparativos,
los cuales fueron allegados junto con el memorial (Anexo | del presente memorial)
radicado el 8 de mayo de 2008, en respuesta al Oficio No. 14640 en donde se informaba
la oposicidn presentada por la sociedad PROCAPS S A,

Dichos resultados de ensayos comparativos (Adjuntos a su vez a este memorial}
muestran el efecto sinérgico de la combinacién de olmesartan medoxomil con besilato de
amlodipina. lgualmente, demuestran los resultados inferiores obtenidos a partir de la
combinacion de besilato de amlodipina y el compuesto del estade del arte losartan
potasico (el cual fue comercializado en Estados Unidos por Merck mediante el nombre de
COZAAR).

Los datos comparativos, los cuales se mencionaran en detalle mas adelante, los cuales
estadn presentes en la publicacién médica de C.V.S Ram (Anexo VIli) establecen que ia
combinacién de olmesartan medoxomil y amlodipina proporciona beneficios inesperados
en comparacion con la combinacion de vaisartan y amlodipina.
- Teniendo en cuenta lo anterior, deseamos adicionalmente, presentar los siguientes
argumentos a favor de la patentabilidad de la presente invencién:

La objecion hecha por el Examinador consiste en que considera que la anterioridad D1
revela composiciones que contienen valsartan y bloqueadores de los canales de calcio, tal
como amiodipina y besilato de amlodipina y teniendo en cuenta que D2 revela
composiciones que contienen dos componentes (y opcionalmente un tercer componente)
en donde uno de los componentes es un antagonista de la angiotensina Il el cual se

encuentra ejemplificado por seis compuestos que incluyen el valsartan, olmesartan
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medoxomil, candesartan y losartan, y que por lo tantc el hecho de presentar una
composicién en donde el valsartan de las composiciones de D1 se reemplace con

olmesartan medoxomil no representa altura inventiva.

Inicialmente, deseamos poner de presente que la anterior objecion se basa en que una
persona versada en la materia consideraria a partir de las ensefianzas de D2 que los seis
antagonistas de la angiotensina Il pueden ser equivalentes en la combinacién de dicha
anterioridad con un inhibidor de la HMG-CoA reductasa; y que por lo tanto, dicha persona
versada en |la materia esperaria reemplazar el valsartan de la combinacién de d1 con el
oclmesartan medoxomil, con el fin de obtener los resuitados que se alcanzan mediante las
composiciones de D1. De lo anterior, cabe aclarar gue una persona versada en la materia

sabria que_existen caracteristicas diferentes entre los diferentes antagonistas de la

angiotensina ll. Adicionalmente, aclaramos que una persona versada en la materia estaria

consciente que dos medicamentos individuales operan por medio de mecanismos

diferentes, y no es de esperarse que la_combinacién de dos_medicamentos tenga

necesariamente un efecto benéfico. De esta manera, la composicién de la presente

solicitud se diferencia ademas de la combinacidn de D1 en que dicha composicion
produce un efecto superior al que produce la combinaciéon revelada en D1. Asi, cada uno
de estas afirmaciones se desarrolla a continuacion.

Deseamos se tenga en cuenta el Anexo Il (Publicacion: Cevenka et al “Association of
Candesartan vs Losartan With All-Cause Mortality in Patients With Heart Failure”, JPM
January 12, 2011, pages 175-182), en donde se establece que el antagonista de la
angiotensina |l candesartan y losartan tienen efectos diferentes en pruebas cara a cara de
la mortalidad de pacientes con insuficiencia cardiaca.

En el campo farmacéutico es bien sabido que cuando se combinan dos o mas
medicamentos, no solo existe la posibilidad de que no se presente un efecto mejorado,
sino que también existe la posibilidad de que exista una dificultad potencial debido a las
interacciones entre los medicamentos. Por ejemplo, deseamos se tenga en cuenta el
Anexo Il (Yusuf et al, “Telmisartan, Ramipril, or Both in Patients at High Risk for Vascular
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Events”, New England Journal of Medicine, vol. 358, no. 15. pp. 1547-1558, Abril 10,
2008).

En dicho Anexo [il se describe un ensayo clinico del inhibidor ACE ramipril, el telmisartan
ARB y la combinacién de estos dos medicamentos en varios pacientes. La conclusion
obtenida por los investigadores es que mientras el telmisartan “era equivalente al ramipril
en pacientes con enfermedades vasculares o alto riesgo de diabetes y estaba asociado
con menor angioedema” la combinacién de los dos medicamentos “estaba asociada
mayormente asociada con eventos adversos sin que hubiera un incremento en los
beneficios” (Véase el Anexo Il p.1547, Gtimo parrafo). Asi, teniendo en cuenta los
resultados del estudio realizado en el Anexo lll, una persona de la Heart and Stroke
Foundation de Canada afirmé gque la "combinacién de dichos dos medicamentos es una
fuente de mayor stress en los rifiones”, y que los dos medicamentos “nc ofrecen ningun
beneficio adicional en combinacién sino que cada uno se asocia con efectos secundarios,
lo que hace gue se dupliquen los efectos secundario” (Véase Anexo [V. Heart and Stroke
Foundation of Canada Press Release quoting Dr Sheldon Tobe, Enero 16, 2009).

Debido a lo anterior, cabe recalcar que es claro que se debe tener gran cuidado en el
desarrollo de combinaciones de hipertensivos para alcanzar una eficiente disminucion de
la presion arterial mientras que se evita un nivel inaceptable de efectos secundarios. En el
Anexo Il se demuestra que el resuitado de la combinacién de diferentes tipos de
antihipertensivotes impredecible y continua fallando a pesar de conocimiento preexistente
con respecto a los medicamentos antihipertensivos por separado. La literatura técnica en
el campo de agentes antihipertensivos proporciona ejemplos de fallas en alcanzar
combinaciones de agentes antihipertensivo; por lo tanto, no existe expectativa

considerable de éxito para una persona versada en la materia para que alcance una

combinacion efectiva de agentes antihipertensivos simplemente mediante la_ combinacidn

aleatoria de dos agentes antihipertensivos.

La composicidon farmacéutica de la presente invencién, la cual comprende una
combinacién de olmesartan medoxomil y besilato de amlodipina, amlodipina ¢ azelnidipina
proporciona un beneficio inesperado en comparacién con el estado el arte, ya que dicha
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composicion no solo proporciona mayores efectotes de disminucion de la presion arterial
en comparacion con la monoterapia con cualquiera de los componentes, sino que también
permite que una mayor cantidad de los pacientes tratados con dicha composicion
alcancen sus metas de presion arterial. Como evidencia de dicho resultado inesperado,
deseamos hacer referencia al Anexo V (Chrysant, “Amlodipine/ARB Fized Dose
Combination” Drugs Today, vol. 44, issue 6, pages 443-453, 2008) en donde se discuten
datos que fueron iniciaimente reportados como parte del estudio realizado en el Anexo VI
{Chysant et al, Clinical Therapeutics, vol. 30, no 4, 2008).

En dicho Anexo V se presentan datos comparativos entre ia combinacion de olmesartan

medoxomil y amlodipina contra cualquiera de los dos componentes tomados
individualmente. (Véase Anexo V Tabla Ii). En dichos datos presentados en la tabla Il del

Anexo V se tiene lo siguiente:

Monctherapy . :
Treaupent PL AB AB OM OM OM
Dose {mg/dav} 0 5 10 10 20 . 40
SDBP (mmHg) -3.1 9.4 12.7 8.3 92 10.2
SSBP (mmHg) 4.8 14.9 19.7 11.3 13.8 16.1
Combination Therapy
Trearment AB/OM | AB/OM | AB/OM | AB/OM | AB/OM | AB/OM
Dose (me/day) 5/10 5/20 5/40 10/10 10/20 10/40
SDBP (mmHg) -13.8 14.0 15.5 16.0 17.0 19.0
SSBP (mmHg) -24.2 25.6 254 253 29.2 30.1

Asi, en el Anexo V se afirma que “todos los grupos de tratamiento muestran una
reduccion mas grande en la presion arterial en comparacion con el placebo (P<0.001) y
los efectos de disminucién en la presion arterial son mas grandes que los de las
monoterapias (P<0.001)" (Véase Anexo V p. 446, columna izquierda, lineas 36 a 40). En
otras palabras, a diferencia del Ejemplo del Anexo [ll, mencionado anteriormente, la
combinacién de olmesartan medoxomil y besilato de amlodipina proporciona un beneficio
relacionado con la disminucién en la presion arterial en comparacion con la monoterapia
de los componentes tomados individualmente. Adicionalmente, los datos proporcionado
en la Figura 2 del Anexo V muestran que mayor numero de pacientes tratados con la
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terapia de combinacién alcanzaron las metas de presién arterial (<140/90 mmHg) que los
que recibieron solo la monoterapia. Especificamente, los datos de dicha Figura 2 del
Anexo V muestran que mas del 50% de los pacientes que recibieron 5/40, 10/10, o 10/20
mg/dia de amlodipina/olmesartan alcanzaron €l control de la presion arterial (definido
como <140/90 mmHg), mientras a un porcentaje mucho mas bajo de pacientes
suministrados con el maximo de la dosis de la monoterapia de amlodipina (10 mg/dia,
36.1% de pacientes que alcanzaron el objetivo) o de olmesartan (40 mg/dia, 38.5% de
pacientes que alcanzaron el objetivo), alcanzd el control de presion arterial. Se
encontraron diferencias ain mas grandes cuando se comparan dosis de monoterapia
menores a las maximas con las dosi de las terapias de combinacién (véase Anexo V,
pagina 449, Figura 2).

En consecuencia, el elevado nimero de pacientes que alcanzaron los controles de
presion arterial corresponde a un resultado ventajoso y sorprendente. Por gjemplo, no
existe evidencia alguna para predecir que en donde solo el 36% o el 38% de pacientes
que recibian las dosis maximas de amlodipina (es decir 10mg/dia) o de olmesartan (es
decir 40mg/dia), pudieran controlar su presién arterial de, un porcentaje mayor de
pacientes (es decir el 46.6%) que recibian dosis mas bajas de cada ingrediente en

combinacién (es decir Smg/dia de amlodipina y 20mg/dia de olmesartan), pudieran
controlar so presion arterial. Es asi como dicho incremento en el porcentaje de pacientes
que son capaces de controlar su presién arterial, no es predecible a partir de las
ensefianzas del estado del arte (D1 o D2) y por lo tanto, corresponde a un resultado
ventajoso.

Aun mas, los datos mencionados anteriormente resuelven una necesidad largamente
sentida, ya que la hipertensién sin control representa una necesidad largamente sentida y
los datos mencionados anteriormente proporcionan evidencia de que la composicidn
farmacéutica de la presente invencion se comporta de manera defrente a las
composiciones ensefianzas en el estado del arte. Especificamente, deseamos aclarar que
la composicidon de la presente invencién permite que un numero mas elevado de
pacientes alcancen el control de la presion arterial, que lo que aicanzarfan con las dosis
maximas de la monoterapia con amlodipina {es decir 10mg/dia) o con olmesartan
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(40mg/dia), respectivamente, tal como se reporta en el Anexo V. Asi, dicho incremento es
altamente significativo ya que hace que ocurran disminuciones sustanciales en eventos
cardiovasculares aun con pequefias disminuciones en la presion arterial. Deseamos se
tenga en cuenta el Anexo VII {(Lewington, S., et al, “Age-specific relevant of usual blood
pressure to vascular mortality: a meta-analysis of individual data for one million adults in
61 prospective studies”, Lancet, col. 360, pp. 1903-1913, 2002), en donde se reporta un
hallazgo en cuanto a que cada diferencia de 20mmHg en la presion arterial sistdlica se
encuentra asociado a mas de! doble de la diferencia en la tasa de muerte re racionada
con un derrame cerebral, una cardiopatia isquémica, u otras causas vasculares (Véase
Anexo VII, pagina 1903).

La combinacion de olmesartan medoxomil y el blogueador de los canales de clacio 1, 4
hihidropiridina, amolodipina, proporciona un resultado inesperado en comparacién con la
combinacion de valsartan y amlodipina. Como evidencia de lo anterior, deseamos poner
de presente el Anexoc VIII (C.V.S. Ram, “Antihypertensice efficacy of olmesartan
medoxomil or valsartan in combination with amlodipine: A review of factorial-design
studies”, Current Medical Research and opinién, vol. 25, no. 1, p. 177-185, 2009), en
donde se discuten datos que fueron originalmente reportados en el Anexo VII.

En dicho Anexo VIII se proporciona evidencia relacionada con el hecho de que la
composiciébn de la presente invencion produce un efecto material mas alto en
comparacién con la combinacién de valsartan y amlodipina. Especificamente, de acuerdo
con lo revelado en dicho Anexo VI, la combinacién “amlodipina 10mg/olmesartan
medoxomil 40mg proporciond las reducciones corregidas por placebo mas aitas en tanto
el promedio de minimos cuadrados para presion arterial sistélica en posicidon sedente
(SeSBP) como para la presién arterial diastdlica en posicion sedente (SeDBP) (159 y
25.7 mmHg, respectivamente, por el contrario de 9.8 y 15.5 mmHg, con dosis maximas de
amlodipina (10mg) y de valsartan (320mg), respectivamente)’ (Véase Anexo VIII, p. 184,
columna izquierda, lineas 37 a 52). De esta manera en el Anexo Vill se proporciona una
comparacion grafica de los resultados de cada comparacion (Véase Anexo VIH p. 181).
Con relacion a la reduccién de la presién arterial diastélica en posicion sedente (SeDBP),

los datos reportados por el Anexo VIl demuestran que el promedio de minimos cuadrados
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para la SEDBP para la reduccion maxima corregida por placebo de amlodipina vy
olmesartan medoxomil, es de 6.1 mmHg o acerca de 62% (6.1mmHg / 9.8 mmmHg) mas
alta que la maxima reduccion corregida por placebo de amlodipina y valsartan, tal como
se reporta en el Anexo VIli. De igual manera, los datos revelados para el promedio de
minimos cuadrados de la SeSBP para la reduccion mas alta corregida por placebo para
una combinacién de amlodipina y olmesartan medoxomil es de 10.2mmHg o cerca del
66% (10.2mmHg/15.5mmHg) mas alta que el la reduccién maxima corregida por placebo
de una combinacion de amlodipina y valsartan, como se reporta en el Anexo VIII. Aln
mas, en dicho Anexo VIII se afirma que “se ha demostrado que la moralidad por riesgo
cardiovascular se duplica con cada incremento de 20/10 mmHg en la presion arterial
arriba de 115/75 mmHg" (Véase Anexo VI, columna derecha, pagina 177, lineas 2 a 5).

En consecuencia, teniendo en cuenta la informacién revelada en el Anexo VIil, una
persona versada en la materia apreciaria que la magnitud de la mejora en la reduccién del
promedio de minimos cuadrados tanto de la SeDBP como de la SeSBP mediante la
composicién de la presente invencién en comparacion con la combinacién de amlodipina
con valsartan, proporciona cerca del doble de la reduccién en el riesgo de muerte
cardiovascular, el cual es claramente un resultado inesperado y ventajoso. Por lo tanto, no
puede ser afirmado que la composicidn de la presente invencién podria ser derivada de
manera obvia, ya que por medio de los resultados mencionados, especificamente en el
Anexo VI, se ha demostrado el efecto mayor al esperado alcanzado por la composicién
de la presente invencion en comparacion con el resultado obtenido en la anterioridad D1,
lo que es demuestra a su vez que la presente invencién no pudo haber sido derivada de
manera obvia a partir de D1.

Adicionalmente, ademas de las reducciones mas bajas en el presion arterial, en
comparacion con la composicién de la presente invencion, la combinacion de amlodipina y
valsarfan tiene ciertas deficiencias, tal como se afirma en el Anexo VIl en donde se dice
que “la terapia de combinacidn con valsartan 160mg con 10mg de amlodipina ha sido
reportada como incapaz de atenuar la activacién simpatica inducida por [a amlodipina”
(Ver Anexo VIII, Pag. 184, columna derecha, lineas 1 a 4). En dicho Anexo VIII no se

proporciona explicacibn para dicha diferencia entre la combinacion de
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amlodipina/valsartan en comparacion con la combinacion de amlodipina/olmesartan (Ver
Anexo VllI, Pag. 184, columna derecha, lineas 5 a 10}, lo que proporciona evidencia
adicional acerca del resultado inesperado alcanzado por la composiciéon de la presente
solicitud, 1o que a su vez documenta lo impredecible de combinar dos ingredientes
activos.

Por lo tanto, el Anexo VIl proporciona evidencia significativa de los resultados
inesperados y mejorados de la combinacion de amlodipina y clmesartan medoxomil, en
comparacion ¢on la combinacion de amiaodipina y valsartan; particularmente, en vista de la
mayor reduccién en la presidn arterial obtenido por la combinacién de la presente
invencion, asi como el hecho de que para el autor de dicho Anexo VIl no s posible dar
explicacton porque [a combinacion de olmesartan con amlodipina no es capaz de atenuar
la activacion simpatica inducida por la amlodipina, mientras que las combinaciones de

valsartan con amlodipina son incapaces de proporcionar el mismo efecto.

La composicion farmacéutica de la presente invencién proporciona que un mayor numero
del porcentaje de pacientes alcancen el control de la presidn arterial, en comparacién con
las dosis maximas de monoterapia con amlodipina (es decir, 10 mg/dia) o de olmesartan
(es decir, 40 mg/dia), tal como se revela en el Anexo VI, Asi, el porcentaje mas altote
pacientes con control de la presién arterial es significativo debido a gue la hipertensién
corresponde al mayor factor de riesgo para infarto al miocardio, insuficiencia cardiaca
congestiva, derrame cerebral y enfermedad terminal de rifién. Un meta-anélisis de 61
casos, incluyendo cerca de un millén de adultcs, reportd que la presion arterial se
relacionaba con el riesgo de enfermedad cardiaca isquémica a lo largo del rango normal
de la presion arterial normal (debajo de al menos 115/75 mmHg), tal como se reporta en
el Anexo VII). Es asi como el riesgo de dicho incremento 20 mmHg en la presion arterial
sistdlica (6 10mmHg en la presién arterial diastélica) duplica el riesgo de un evento
coronario fatal. La evidencia sugiere que la reduccion de 5 a 6 mmHg de la presién arterial
puede disminuir el riesgo de derrame cereblr en un 40%, de enfermedades cardiacas en
un 15 a 20%, y reducir la probabilidad de deemencia, falla cardiaca, y mortalidad por
causa de enfermedades vasculares (Véase Anexo VIII, pagina 1903).
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Como tal, el solicitante ha presentado pruebas de que el uso de la composicion

farmacéutica de la presente invencién se comporta de manera diferente a los productos

conocides en el estado del arte (Véase Anexo V), y que la diferencia es significativa
{Véase Anexo Vil).

En la practica no existe previsibilidad con respecto a que si alguna combinacion especifica
de medicamentos del estado del arte pueda o no proporcionar un tratamiento beneficioso
para pacientes sin que se presenten efectos secundarios. Los documentos discutidos
anteriormente establecen que dentro de los medicamentos revelados en el estado del arte
atiles en el tratamiento de la hipertensidn, no existe previsibilidad acerca de que una
combinacion especifica pueda proporcionar un efecto beneficioso sin gque se presenten
efectos secundarios. Dichos documentos establecen también que la composicion
farmacéutica tiene un efecto inesperado y ventajoso cuando se usa para tratar la
hipertension, a saber, una disminucion sustancial en la presién arterial lo que resulta en

los beneficios discutidos anteriormente.

Deseamos aclarar que en la presente invencién se han seleccionado dos monoterapias
del voluminoso numero de monoterapias del estade del arte para proporcionar la
composicién farmacéutica de la invencidn, la cual presenta un efecto inesperado vy
significativo en el tratamiento de pacientes, la cual no podria ser predicho de manera

obvia por una persona versada en la materia.

De esta manera, respetuosamente solicitamos que en la medida en que las referencias
citadas son pertinentes con respecto al nivel inventivo, se tenga por superada la objecion
a este respecto ya que las mismas demuestran que las reivindicaciones de la presente

invencidn se encuentran dirigidas a una invencién que posee nivel inventivo.

Por consiguiente, teniendo en cuenta los argumentos presentados, se concluye que las
ensefianzas de las anterioridades citadas por su Despacho no llevan a un técnico
versado en la materia a obtener la presente invencidn ya que no revelan o ensefian las
caracteristicas teécnicas esenciales relacionadas con la misma, tal como aca es

reivindicada. Lo anterior si se tiene en cuenta que para el estudio de nivel inventivo el



CAVELIER

ABOGADOS

o

Examinador no puede adoptar la posicion de un inventor y que ademas no puede partir
de la solucién dada sino simplemente de lo gue expresamente revelen el o los

documentos mas cercanos del estado del arte.

Puesto que se han atendido a cabalidad las observaciones hechas por su Despacho
sobre la presente solicitud de patente, respetuosamente solicito se contintie con su
tramitacion. Sin embargo, en el evento que el Despacho considere que una modificacion
adicional es necesaria, respetuosamente le solicito hacer uso de la facultad que le otorga
el articulo 45 inciso 2 de la Decision 486 de la Comision de la Comunidad Andina a efecto
de requerir nuevamente de nuestra parte cualquier complementacién o aclaracién.

5. ANEXOS

* Nuevo pliego reivindicatorio conformado por 5 reivindicaciones
» Formulario de modificaciones.

o Anexol

s Anexoll

« Anexo lll
o AnexolV
e AnexcV

* AnexoVl
s Anexo VI
* Anexo VI
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Industria y Comercio
SUPERINTENDENCIA

FORMULARIO UNICO DE CORRECCIONES Y MODIFICACIONES

Espacio reservado para el adhesivo de radicacién

IO SOLICITUD DE:

D Correccion de Error Material EI Modificacion a una solicitud
Nombre: DAIICHI SANKYO COMPANY, LIMITED
@ Sociedad constituida y existente bajo las leyes de
| .
Japoén.
IDENTIFICACION
SOLICITANTE Direccion: 3-5-1, Nihonbashi Honcho,
Chuo-ku,
Tokio 103-84286, c.C. D NIT D
Japén CE. I:I Otro D
Domicilio: Tokio, Numero:
Japdn
Teléfono: 546 09 70 Fax: 2494070
E-mail: clientes@cavelier.com
{DENTIFICACION
Nombre: Luz Clemencia de PAEZ
Direccién: Carrera 4® No. 72-35 cC. |z| NIT D
REPRESENTANTE | Teléfono: 347 36 11 Fax: 217 92 11
. . .E. Ot
O APODERADO Ny | | c O oo U
E-mail: cavelier@cavelier.com
Numero: 35.456.344 TP 23.555

@ Ndamero de expediente: 05.074.973

Descripcion de la correccién o modificacion solicitada:
Presento nuevo capitulo reivindicatorio compuesto por 5 reivindicaciones con el fin de superar las

objeciones hechas por Su Despacho a la presente solicitud de patente y pido respetuosamente que

el examen de patentabilidad sea realizado sobre estas nuevas reivindicacicnes presentadas.

Comprobante de pago No. Fecha:

O Anexos

Comprobante de pago de la tasa por $118.000, por cancepto de moedificaciones.

Comprobante de pago por reivindicaciones adicionales después de la décima reivindicacion
por.

Poderes, si fuere el caso

0O Od

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

. _
NOMBRE:  LUZ CLEMENCIADE PAEZ FIRMA: 14¢2 BlErEna.cd Jeé e
C.C. 35.456.344 de Usaquén T.P.A. 23.555
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2.

REIVINDICACIONES
Una composicion farmacéutica que comprende:
(A) un antagonista de los receptores de angiotensina I
seleccionado de (i) (5-metil-2-oxo-1,3-dioxolen-4-il)metilo-4-(1-hidroxi-1-
metiletil)-2-propil-1-{[2’-(1H-tetrazol-5-il)bifenil-4-iljmetillimidazol-5-

carboxilato o (ii) una sal farmacolégicamente aceptable del mismo; y

(B) un bloqueador de los canales de calcio seleccionado de (i}

azelnidipina, (i) amlodipina o (iii} besilato de amlodipina.

Una composicién farmacéutica de conformidad con la reivindicacién 1,

caracterizada porque el antagonista de los receptores de angiotensina !l es (5-metil-2-oxo-

1,3-dioxolen-4-il)metilo-4-(1-hidroxi-1-metiletil}-2-propil-1-[[2’-( 1 H-tetrazol-5-ilbifenil-4-

iljmetillimidazol-5-carboxilato.

3.

Una composicion farmacéutica de conformidad con las reivindicaciones 1 a

2, caracterizada porque el bloqueador de los canales de calcio es azelnidipina.

4.

Una composicion farmacéutica de conformidad con las reivindicaciones 1 a

2, caracterizada porque el bloqueador de los canales de calcio es besilato de amlodipina.

5. Una composicion farmacéutica de conformidad con las reivindicaciones 1 a 2,

caracterizada porque el bloqueador de los canales de caicio es amlodipina.

DVRDVAID-188632WWPC 15869
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 Test Example: Antihypertensive activity

40, 49-week old male spontaneously hypertensive rats (SHR) were orally administered
amlodipine besylate (2 mg/kg), olmesartan medoxomil (0.3 mg/kg) + amlodipine
besylate (2 mg/kg), losartan potassium (0.3 mg/kg) + amlodipine besylate (2 mg/kg), or
the vehicle (0.5 % carboxymethyl cellulose Na solution, 2 mL/kg) once a day, for 5
days, in groups of 6 animals. Mean blood pressure was measured by a telemetry method
during the 3-day observation period and the 5-day treatment period. The 24-hour
average value of mean blood pressure was calculated for analysis. Analysis of variance
(ANOVA) for rcpc;;ated measures with the baseline value as a covariate was applied to
compare between antihypertensive effects of amlodipine besylate alone and combined
with olmesartan medoxomil or losartan potassiuin. 'Changes in blood pressure are
shown in Tablell. Excellent antihypertensive effects were observed in animals in the
group co-administered 61mcsartan medoxomil + amlodipine besylate. ANOVA for
repeated measures revealed that although treatment with losartan potassium did not
potenciate the antihypertensive effect of amlodipine besylate (P=0.2429), treatment
with olmesartan medoxomil potenciated the antihypertensive effect of amlodipine
besylate (P<0.0001). It was also demonstrated that the antihypertensive effect of
combined administration of amlodipine besylate and olmesartan medoxomil was greater
than that of combined administration of amlodipine besylate and losartan potassium

(P=0.0004).



Table 1

Test Substance n

24-hour average of mean blood pressure (mmHg)

losartan potassicm

158x2

1"Day |2 Day | 3Day | 4% Day | 5" Day

Vehicle | 6 | 1842 | 1864 | 181+3 | 182+3 | 180+3
Amlodipine besylate 6 | 1633 | 164+3 | 164%£3 | 166£3 | 166=%3
Amilodipine besylate +

6 149+2 | 147£1 | 149+1 | 1511 | 152+2
olmesartan medoxomil '
Amlodipine besylate +

6 | 165x3 1592 | 160+2

160x1

Values represent mean + S.E.M.
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NGIOTENSIN 11 RECEPTOR
blockers (ARBs) reduce car-
diovascular mortality and
heart failure (HF) hospital-
ization in patients with HF with re-
duced left ventricular ejection frac-
tion (LVEF)." In patients not taking an
angiotensin-converting enzyme (ACE)
inhibitor and when added o an ACE
inhibitor, candesartan and valsartan re-
duced the combined end point mortal-
ity and HF hospitalizations and mor-
bidity.** When compared with
captopril, losartan was neutral with re-
gard 10 all-cause mortality and HF hos-
pitalization.” A losartan dose of 150
mg/d compared with a dose of 50 mg/d
reduced combined cardiovascular mor-
tality and HF hospitalization.® In con-
trast, ARBs do not appear ¢ be eflec-
tive in HF with preserved LVEE
aithough candesartan reduced HF hos-
pitalization ®
Despite these variable effects, differ-
ent ARBs have not been tested head to
head. Major cardiclogy societies rec-
ommend ARBs for the treatment of HE
with reduced LVEF but do not specily
agents.™" However, there are reasons
to believe different agents may have
different elficacy. Candesarian com-

©2011 American Medical Association. All rights reserved.

Context Angiotensin Il receptor blockers (ARBSs) reduce combined mortality and hos-
pitalization in patients with heart faiture (HF) with reduced left ventricular ejection frac-
tion. Different agents have different affinity for the AT, receptor and may have dif-
ferent clinical effects, but have not been tested against each other in HF.

Objective To assess the association of candesartan vs losartan with all-cause mor-
tality in patients with HF.

Design, Setting, and Patients An HF registry (the Swedish Heart Failure Regis-
try) of 30 254 unique patients registered from 62 hospitals and 60 outpatient clinics
between 2000 and 2009. A total of 5139 patients (mean [5D] age. 74 [11] years; 39%

‘women) were treated with candesartan (n=2639) or losartan (n=2500). Survival as

of December 14, 2009, by ARB agent was analyzed by Kaplan-Meier method and pre-
dictors of survival determined by univariate and multivariate proportional hazard re-
gression models, with and without adjustment far propensity scores and interactions.
Stratified analyses and quantification of residual confounding were also performed.

Main Qutcome Measures All-cause mortality at 1 and 5 years.

Resuits One-year survival was 90% (95% confidence interval [Cl], 89%-91%)
for patients receiving candesartan and §3% {95% C|, B1%-84%) for patients
receiving losartan, and 5-year survival was 61% (95% Cl, 54%-68%) and 44%
(95% C, 41%-48%), respectively (log-rank P<.001). In multivariate analysis with
adjustment for propensity scores, the hazard ratio for mortality for losartan com-
pared with candesartan was 1.43 (95% Cl, 1.23-1.65; P<.001). The results per-
sisted in stratified analyses.

Conclusion In this registry of patients with HF, the use of candesartan compared
with losartan was associated with a lower mortality risk.

JAMA, 2011;305(2):175-182

WWW.AMmaA. com

pared with losartan has higher hind-
ing affinity for the AT, receptor,'"'?is
more effective at lowering blood pres-
sure,'? and is associated with less de
novo HF when used in hyperten-
sion.'" in elderly patients with HF, lo-
sartan was associated with higher mor-
tality than other ARBs."*

Randomized controlled trials (RCTs}
minimize bias and confounding but
have not been performed to address this
issue. Therefore, our goal was to de-
termine whether candesartan is asso-

(Reprinted) JAMA, january 12, 2011—Vol 305, No. 2
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sity Hospital, and Department of Medical and
Health Sdences, Linképing University, Linkdping
(Dr Dahlstrm); Division of Cardiovascular Medi-
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Departrment of Clinical Saences, Danderyd, Stock-
helm (Dr Edner); and Department of Cardiology,
Karolinska University Hospital, and Karolinska Insti-
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CANDESARTAN VS LOSARTAN AND ALL-CAUSE MORTALITY

cialed with less all-cause mortality than
losartan in a large cohort of unse-
lecied patients with HF,

METHODS
Study Protocol

The Swedish Heart Failure Registry
{RiksSvikt} has been previously de-
scribed.'® It was created as a pilot in
2000 and introduced throughout Swe-
den in 2003. Inclusion criteria are cli-
nician-judged HF. Approximately 70
variables are recorded at discharge from
hospital er alter clinic visit on a case re-
port form and entered inwo a database
managed by the Uppsala Clinical Re-
search Center, Uppsala, Sweden. The
database is run against the Swedish
death registry monthly. The protocol,
registration form, and annual report are
available at hup://www. ucr.uu.se
/rikssvikt. Establishment of the regis-
try and registration and analysis of the
data was approved by a multisite eth-
ics commitiee. Individual patient con-
sent was not requited or obtained.

As of Decemnber 14,2009, there were
44 548 regisurations from 30 254 unigue
patients from 62 hospitals and 60 out-
patient clinics. Of 30254 unique pa-
tients, 5823 received an ARB (2639 re-
ceived candesartan, 2500 received
losartan, 357 received valsartan, and
327 received other ARBs) at the 1ime
of the first registration. Valsartan and
other ARBs were excluded due 10 small
numbers, resulting in 5139 individu-
als receiving candesartan (n=2639) or
losartan (n=2500) [or this study.

Statistical Analysis

To avoid bias due to missing baseline
characteristics, multiple imputation
(n=10) was performed for variables
with missing data using predictive mean
matching. All subsequent analyses, ex-
cept for descriptive statistics, were per-
formed on the imputed data. To ad-
justlor selection hias, propensity scores
for each patient were estimated with lo-
gistic regression. Quintiles of the esti-
mated propensity scores were used 10
divide the patients into 5 strata.'” All
patient and medical hisiory and treat-
ment variables (excluding outcome

176 JAMA, January 12, 2011—VYol 305, No. 2 (Reprinted)

variables and target dose ARB with lo-
sartan dose set at 150 mg/d) were used
when creating the muitiple imputa-
tion data sets as well as in the estima-
tion of the propensity scores. To evalu-
ale the propensity scores, logistic
regressions with ARB agent as out-
come were performed for each of the
variables with and without adjust-
ment for propensity score strata,
Survival was charted by Kaplan-
Meier method and compared with the
log-rank test for al! patients and sepa-
rately for an LVEF of less than 40% and
40% or more, Several univariate and
multivariate proportional hazard re-
gression models with and withour ad-
justment for interactions and propen-
sity scores, as a covariate and strata
variable, were performed, with ARB
agent adjusted for single or combina-
tions of clinically relevant variables.
Interactions between ARB agent
and clinically relevant variables were
estimated by a Cox proportional haz-
ards regression model and are ‘shown
in a Forest plot. Interactions with
ARB were tested for all variables in
the model. The scaled Schoenfeld
residuals from the proportional haz-
ards regression model were investi-
gated to assess the propertional
hazards assumption, whereas the
Martingale residuals were visually
inspected to detect possible nonlin-
earity for the continuous variables.
Stratilications were performed by 5
clinically tmportant variables that
may affect choice of agent, prognosis,
or both (year of inclusion [2001-
2005 vs 2006-2009], duration of HF
[<6 vs =6 months], age [ =70 vs
>70 years], New York Heart Associa-
tion [classes T-11 {mild] vs 11I-IV
{moderate Lo severe)}, and LVEF
[<40% vs =40%]). Losartan was
available before candesartan and the
cutoff at 2005-2006 was chosen
because the European and US guide-
lines reflecting the CHARM stud-
ies***"!® were published in 2005.1%%
A sensitivily analysis was per-
formed to evaluate the effect of a pos-
sible unknown or unmeasured con-
founder.?' Hazard ratios (HRs) for

losartan vs candesartan adjusted for an
unknown binary or continuous (nor-
mally distributed) confounder was de-
rived assuming different hazards and
distributions of the unmeasured con-
founder in the 2 treatments.

One clinically relevant and pre-
specificd subgroup analysis was per-
formed by LVEF, divided by less
than 40% (n=2608) and 40% or
more (n=1884) (647 patients had
missing LVEF data). We also per-
formed a prespecified analysis with
target dose of 150 mg/d rather than
50 mg/d for losartan, in accordance
with the HEAAL study. ¢

To test the null hypothesis that there
is no difference in survival between can-
desartan and losartan at 1 year, 2270
patients would be needed (1135 in each
group). This assumed an annual mor-
tality rate of 8.1% (candesartan group
in the CHARM-Overall trial'¥) and
11.7% (losartan group in the ELITE 1
mial®), respectively; a power of 80%; and
that the 2-sided level of significance was
set at.05. Statistics were performed in
Rversion 2.9.2 (R Foundation for Sta-
tistical Computing, Vienna, Austria).

RESULTS

Baseline characteristics and P values of
patients and medical history and reai-
ment for imputed data showing differ-
ences belore and after adjustment for
propensity scores strata are shown in
TABLE I and TABLE 2. A total of 5139
patients were included (mean [SD] age,
74 111] years; 39% women) in the
analyses. Patients receiving candesar-
tan were overall healthier but had lower
LVEF and were less likely Lo reach tar-
get doses (defined as 32 mg/d and 50
mg/d {or candesartan and losartan, re-
spectively). Il the target dose was set at
150 mg/d for losartan 9 there were still
mare patients in the candesartan group
receiving 25% or less of the target dose.
The unadjusted logistic regressions re-
vezled a number ol differences in base-
line characteristics between patients re-
ceiving losartan and candesartan, but
alter adjustment for propensity scores,
there were no longer any statistically
significant differences, except for dose

©2011 Amerlcan Medical Association. All rights reserved,
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of ARB, with target dose set at 150 mg/d.
This target dose was analyzed as a pre-
specified sensitivity analysis but a tar-
get dose of 30 mg/d was chosen for in-
clusion in multiple imputation and
derivation of propensity scores. One
vartable, ACE inhibitor, had a P value
of less than .10 (P=.07).

FIGURE 1 shows the overall survival
between the 2 groups. One-year sur-
vival was 90% {95% conlidence inter-
val [Cl], 89%-91%) for patients re-
ceiving candesartan and 83% (95%
Cl, 81%-84%) for patients receiving
losartan, and 53-year survival was 61%
(95% CI, 54%-68%} for patients receiv-
ing candesartan and 44% (95% C1, 41%-
48%) for patients receiving losarian
(Jog-rank P < .001), TABLE 3 shows HRs
for all-cause mortality in patients re-
ceiving losartan vs candesartan. The
univariale HR was 1.77 (95% CI, 1.58-
1,99, P < .001) and the multivariate HR
including stratification for propensity
scores was 1.43 (95% C1, 1.23-1.65;
P<.001} (HR=0.70 for candesartan vs
losartan). Only B-blockers interacted
with an ARB agent (P=.04). TABLE 4
shows HRs for all-cause mortality for
patients receiving losartan vs cande-
sartan after adjustment for this inter-
action, together with interactions with
4 variables with P <10 (cardiac resyn-
chronization therapy, duration of HE,
creatinine, and lung disease). Losar-
tan remained associated with in-
creased mortality compared -with
candesartan for all categories except car-
diac resynchronization therapy and
lung disease.

Violations to 1he proportional haz-
ards assumplion were detected for lo-
cation and this variable was therefore
included as a strata variable in all pro-
portional hazards regression models.
Stratification did not change the re-
sulis. Multivariate HRs with propen-
sity score sirata were 1.41 (95% CI,
1.22-1.64; P<.001) for year of inclu-
sion; 1.43 (95% C1,1.23-1.67; P< 001}
for HF duration; 1.48 (95% CI, 1.28-
1.72; P<<.001) {or age; 1.43 (95% (I,
1.24.1.67; P<.001) lor NYHA class;
and 1.44 (95% CI,1.24-1.67; P< .001)
for LVEF. .
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Quantification of the effects of a hy-
pothetical confounder were calcu-
lated (eTable, available at hups/www

.jama.com}. Given an HR of 2 for
all-cause mortality for the binary con-
founder and an approximate differ-

Table 1. Baseline Patient Characteristics and P Values for Imputed Data Before and After
Adjustment for Propensity Scores Strata?

P Value
I 1
Candesartan Losartan Imputed Stratified
Characteristics {n = 2639 [ = 2500} Imputed  for Propensity Score
Follow-up tme, median 563.0 (0-2565) 640.5 (0-2916)
{range), ©
No. of dead 441 B8ges
Inckidad in the Swedish
Meart Faillure Registry
2001-2005 214 (8.1} 701 {28.0) =001 13
2006-2009 2425 (91.9) 1799 (72.03 ' )
Age, mean (SD), y 720 (11.5) 75.310.2) <.0C1 54
Sax
Male 1633 (61.9) 1483 (59.3) 06 86
Female 1006 (38.1} 1017 (40.7) ' '
Civil stafps
Married 1621 646) _ 1378(60.1) 001 92
Single 800 {35.4) 916(39.9)
Clinic
Medicing 1116 (44.6) 123(47.7)
Cardiology 1371 (54.8) 1198 (50.9) .0a1 91
Geriatric 14 (0.6) 3204
Locatbn‘
Inpatiari 1202 [45.5) 1519 (61.8} <.001 &7
Ouipatient 1437 (54.5) 981 (39.2)
Duration of hear! falure, mo
<6 1061 (40.2) 736 (29.4) 2001 57
=6 1578 (59.8) 1764 {70.6)
NYHA class®
I 234 (1.0} 164 (9.0} T
] 1068 {50.0} 734 (40.3) <001 o8
) 770{36.0 B840 (46.2)
v 65{3.0) 82 .5
LVEF, %
<30 692 (20.0} 628 (29.8) 7]
30-3% 701 (29.4) 587 (27 .9) 0 >.99
40-49 511 (21.9) 404 (19.2}
=50 4B1(20.2) 488 (23.9)
QRS duration, mean (SD}, ms 1119 (28.9) 114.04{28.2) < {01 893
Potassiurn, mean (SO}, 4501.2) 4.4(1.1) <2001 786
mEg/L
Heart rate, maan (SD), 719 (1a.8) 72.7 [14.7) .09 >.99
beats/min
Creatinine, mean (S0), mg/dL 1.25 (0.64) 1.37 (0.70) ~2.001 .B1
MAP, mean (S0}, mm Hg 926 (13.9) 91.5(13.4) 003 79
Hemoglobin, mean {SC), grdl. 133 (1.7) 139 (1.7) -<.001 B4
Smokers
Current 207 (10.0) 172 (9.4}
Former 934 {45.0) BES (47.4) 41 ps ¢)
Never 935 {45.0) 791 (43.2)

Abbraviations: LVEF, laft vartricular sjection raction; MAP, mean arlerial prassure; NYHA, New York Heart Assodalion

Sl canversions: To convert creatinhe 1o pmolL, multioly by 88.4; hemogiobin to /L. muttiply by 10.0.

8Data are presentad as No, (96) Unless otherwise specifed. Perceniages may nol tatal 100 dua to rounding.

BNYHA dlass [Indicates no sympioms:; NYHA class 11, symptoms with moderate exerfion: NYLUA dass 1Il, symptoms wath
mikd exertion; and NYHA class IV, symptoms a1 rest.
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ence of 30% beiween the 2 ARBsin the
probability of having the confounder,
the HR f[or losartan vs candesartan
would no longer be statistically signifi-
canl. Alternatively, the corresponding
numbers would have to be an HR of 3

and a dilference in prabability ol 20%
{cTable). For a normatly distributed
continuous confounder, if the differ-
ence in mean units between the 2 ARBs
were at least 0.3 and the HR for the con-
founder were larger than 1,005 per unit,

Table 2. Basefline Characteristics of Medical History and Treatment and P Values for Imputed
Data Before and After Adjustment for Propensity Scores Strata

No. (%) of Patients

FValue

I
Candesartan

1 1
Imputed Stratified

Losartan
Characteristics {n = 2639) {n = 2500) imputed  for Propensity Score
Medical History
Hypertansion 1411 (55.0) 1296 (53.7) 40 88
Ischemic heart disease 1286 (50.7) 1461 (60.6) <001 70
Dilated cardiomyopathy 366 (14.4) 297 (12.5) 06 .83
Hypettrophic cardiomyopathy 49 (1.9 B3 (2.7 .09 88
Valve disease 468 (18.4) 501 {21.4) R0l 78
Atrial fibrillatiors 1149 (43.8) 1222 (49.4) <,001 91
Diabetes meaflitus 764 (29.2) 844 (34.0) <001 .94
Lung diseass 413 (16.2) 515(21.3) <01 87
Mstary of PCl and/or CABG 773 (20.7) 803 (33.0} 02 43
surgory
Pacemaker 298(11.4) 382 (15.5) <.001 >.99
Cardiac resynchronization 78(3.0) 105 (4.3) .01 95
therapy
Implantatie carchoverter 87 (3.3} 96 (3.9) .24 97
defibrillator
Heart transplantation 703 12 (0.5 22 .97
Medical Treatment
ACE inhibitar 420 (16.0) 76 (3.1 <00 07
f-Blocker 2295 (87.1) 2048 (82.3) <001 73
Aldosterona antagonist 802 (30.6) 904 {36.4) <001 .84
Diuretic 2065 (78.4) 21901(87.9) <00 74
Digoxin 440 (16.8) 500G (20.1) 002 .88
InsiAin 416 (15.9) 484 (19.5) <001 Rec}
Oral antidiabetic 362 (13.8) 38C115.3) 1 >.99
Asplrin 1281 (48.7) 1260 {80.5) NE B
COral anticoagulants 1056 (40.2) 997 {40.1) .93 .8
Statin 1335 (50.8} 1245 (50.0) .56 95
Nitratas 459{17.5) 632 (25.4) <001 Bt
Amicdarone 81{3.3) B4 (3.6) 61 a7
Sotaiol 14 {0.5) 29(1.9) 02 a7
Inotropic agent 35{1.4) 4419 21 92
Target dose of ARB
Losartan, 50 mg/d
%25% 970 (36.8) 204 8.2) 7
26%-50% 714 (27.1) 330{13.2) .00 24
51%-75% 77(29) 15{0.6)
=76% 878(33.3) 1951 (78.0)
Losartan, 150 mg/d
525% 970 (36.7) 549 (22.0) 7
26%-50% 714 (27.1) 1501 {60.0} <001 =001
51%-75% 77 (2.9) 445 (17.8)
=76% 878 (33.3) 502 A

Abtreviations: AGE, angiglensin-convarting enzyme; ARB, angiotensin Tl receptor blockar: GABG, eoronary artery bypess

graft; PC), percutangiies coronary intarvention.
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the HR for losartan vs candesartan
would no longer be statistically signifi-
cant (eTable).

In prespeciflied subgroup analysis ac-
cording to LVEF, patients with an LVEF
of 40% or more were older, more com-
monly women, and had mere atrial fi-
brillation, but were otherwise healthier
than patients with an LVEFof less than
40%. For patients with an LVEF of less
than 40%, 1-year survival for cande-
sartan and losartan was 91% {95% CI,
89%-92%) and 82% {95% CI1, 80%-
85%), respectively; and 5-year sur-
vival was 68% (95% CI, 60%-76%) and
44% (95% Cl, 40%-49%), respectively
{P<<.001). For patients with an LVEF
of 40% or more, the corresponding data
for candesartan and losartan were 91%
(95% CI, 89%-93%) and 86% (95% CI,
83%-B8%) for 1-year survival and 54%
(95% Cl, 40%-72%) and 50% (95% CI,
44%-56%) for 5-year survival, respec-
tively (P <<.001},

The HRs for losarian vs candesar-
tan were similar for an LVEF of less than
40% and an LVEF of 40% or more, and
similar to the whole population {all
were stalistically significant in favor of
candesartan), For an LVEF of less than
40%, the univariate HR was 2.08 (95%
Cl, 1.76-2.46; P< .001) and the mul-
tivariate HR including propensity score
strata was 1.41 (95% CI, 1.14.1.76;
P=.002). For an LVEF of 40% or more,
the univariate HR was 1.42 {(95% CI,
1.17-1,73; P <.001) and the multivar-
iate HR including propeusity score
strala was 1.37 (95% ClI, 1.06-1.79;
P=.02). When the target dose of losar-
lan was sel at 150 mg/d, the HR ad-
justed only for dose was 1.91 (P<<.001)
and the HR [rom the multivariate model
stratified for propensity score strata was
1.36 (P=.02). The propensity scores
and the multiple imputations used in
the LVEF subgroup and losarian dose
of 150 mg/d analyses were the same as
those derived for the full population and
target dose of losartan of 50 mg/d.

No additional subgroup analyscs
were perlormed. However, interac-
lions between ARB agent and clinical
paramneters were estimated and are
shown in FIGURE 2.
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COMMENT

Our findings show that in an unse-
lected HF population, candesartan was
associated with lower all-cause mor-
tatity compared with losartan, The dif-
ference was significant even after ad-
justment for propensity scores and
numerous clinical variables, includ-
ing dese, potential interactions, and af-
ter stratilication and quantification of
potential residual confounding of a rea-
sonable magnitude. The variables ad-
justed for included those that might
affect choice of agent (selection bias)
and cutcome {confounders). How-
ever, we cannot eliminate the possibil-
ity that residual confounding explains
some of the association. In prespeci-
fied subgroups, our findings persisted
with both an LVEF of less than #)% and
an LVEF of 40% or more.

There are mechanistic reasons to be-
lieve candesartan may be more effec-
tive than losartan. Angiotensin 11 re-
ceptor blockers competitively block the
AT, receptor. Candesartan has 4 bind-
ing sites on the AT, receptor and lo-
sartan has 2 binding sites.?* In vitro
studies have shown that losartan binds
loosely and has a dissociation half-life
of seconds to minutes, yielding “sur-
mountable™ antagonism. Candesartan
binds tightly and has a dissociation half-
life of 120 minutes, yielding “insur-
mountable” antagonismn. Losartan has
an active melabolite EXP3174, but even
this has looser binding to the AT, re-
ceplor,''*# A point multation at Lys'™"®
decreases the affinity 45-fold for can-
desartan but only 5-fold for losartan.?
Rat studies have shown candesartan to
be 10 te 30 times more potent than lo-
sartan, and concentrations required for
displacement of 50% radioligand were
0.9 nmol/l. for candesartan and 8.9
nmol/L for losartan. '

Clinical studies in hyperiension also
suggest that candesarlan may be more
elfective than losartan. Both candesar-
tan (16 mg/d) and losartan {100 mg/d)
improved endothelial function, mea-
sured by {low-mediated vasodilation,
but only candesartan lowered plasma
levels of plasminogen activator inhibi-
tor 1 and monocyte chemoattractant

©2011 American Medical Association, All rights reserved.
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protein 1Y Candesartan inhibited the
angiotensin Tl-induced increase in re-
nal filtration fraction and the aldoste-
rone secretion significantly more than
losartan.® Candesartan (16 mg/d} cam-
pared with losartan (100 mg/d) was
more effective at lowering blood pres-
sure, and after a forced missed dose, pa-
lents receiving losarian but not can-
desartan returned to pretreaunent blood
pressure,” consistent with the allinity
observations above. A meta-analysis
suggests that candesartan is more ef-
fective at lowering blood pressure.'* In
a registry study ol hypertension, can-
desartan compared with losartan was
associated with less de nove HF' and,
in a registry study of clderly patients
with HF, losartan was associated with
worse survival than irbesartan, valsar-
tan, and candesartan.'*

In HF, ARBs have not been com-
pared head 1o head, but studies of can-
desartan are larger and more conclu-
sively positive than studies of losartan.
The CHARM program is the largest and
most positive and conclusive sct of stud-
ies 241 A meta-analysis of 38 080 pa-
tients from 24 trials revealed that most
studies comparing ARB vs placebo were
with candesartan and yielded a reduc-
tion in both mortality {(odds ratio [OR],
0.83; 95% CI, 0.69-1.00) and HF hos-
pitalization (OR, 0.64; 95% Cl, 0.53-
0.78); most studies comparing ARB vs
ACE inhibitors were with losarian and
yielded neutral effects {OR, 1.06; 95%
Cl, 0.90-1.26 for mortality and OR,
0.95; 95% CI, 0.80-1.13 for HF hospi-
talization); and most studies of ARBon
top of ACE inhibitors were with can-
desartan and were overall neutral with
respeci to mortality (OR, 0.97;95% CI,
0.87-1.08) but beneficial with respect
to HF hospitalization (OR, 0.77; 95%
C1,0.69-0.87).F

Registry studies have advantages
compared with RCTs. Inherent to RCTs
are strict inclusion/exclusion criteria
that limits applicability Lo many pa-
tient groups (eg, elderly patients). Pa-
tients are carefully monttored, which
may dilute any diflerences between
therapies had they played out under
normal clinical follow-up. Strict inclu-

sion criteria and careful monitoring also
yield good prognosis. Indeed, RCTs of
ARBs have attempted 10 augment risk
by requiring hospitalization before in-
clusion but have still mainly demon-
strated reductions in disease-specific
morbidity such as HF hospitalization
rather than all-cavse mortality. In con-
trast, our registry study provides infor-
mation useful for every day clinical care
of a broad unselecied HF population,

L ]
Figure 1. Kaplan-Meier Estimates of
Survival of Patients Receiving Candesartan
and Losartan

10+
5 0B+
5
a 064
£
o
g 04
[4
@ 02+
Log-rank P <001
o T2 3 4 s
Years
No. al nigk
Candesartan 2639 1739 957 426 125 kit
Losartan 2500 1692 1097 646 259 178

Table 3. Proportional Hazard Regression
Models for All-Cause Mortality for Losartan
vs Candesartan®

Losartan Hazard Ratio
vs Candesartan (85% Cl)
Univariate mode! 1,77 (3.58-1.99)
Muttivariate mode!
Adjusted for ags and sex 1.55(1.39-1.75
Adjusted for duration” 1,71 (1.52-1.92)
of heart fallure
Adjusted for hypertension  1.77 {1.58-1.99)
Adusted dose 2.53 (2.22-2.88
of 50 mg/gt
Adjustad dase 193 (1.67-2.18
of 150 mg/g®

Adjusted for ACE
inhibitor, B-blocker,
and aldosterona

1.71 {1.52-1.83)

antagonist
Multivariale final model
Final 1.43{1.23-1.85
With prapensity scores, .41 1,22-1.64)
covariate
With propensity scores 1.43 (1.23-1.65
strata

Abbravatons: ACE, angiotensin-corvaring enzyma:; Gi, con-
fidence nterval.

3P 001 for all univariale and muttivariate modsts.

B Target cose of 50 mg/d for lnsartan and 32 mg/d for cas-
dersarian,

S Target dose of 150 mgéd forlusartan aid 32 mgdd lor can-
desertan.
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and our findings of reduced mortality no other parameters, making them The magnitude of the difference in
with candesartan interacted statisi-  broadly applicable. The reasonsfor this  association with mortality was large.
cally only with B-blocker therapy but  interaction are not readily apparent.  The HR for all-cause mortality of

losartan compared with candesartan
T ————————E——, ‘
Table 4. Multivariate Final Analysls With Propensity Score Strata and Interaction for Losartan ~ Was 1.43 (candesartan vs fosartan,

vs Candesartan 0.70) overall and similar in the LVEF
P value of less than 40% and the LVEF of 40%

Multivariate Final Analysis "1‘3%’«2 Fé‘i;uo 'Main Ettect interaction  OF MO COmparisons. In companson,
B-Blocker in the CHARM-Overall study,'® the
No 1.90 (1.39-2.60) .00 04 adjusted MR for overall moriality was
Yas 1.35 {1.15-1.57) <001 .04 0.90 (P=.03). The adjusted HRs for
Cardiac resynchronization therapy _ catdiovascular death and HF hospital-
:"Os [1);2 gfg:g:) ':'(5)21 gg ization was 0.70 (P<.001} in the
Durat?onofheartfailure povs 82 10-421.59 ' ' CHARM-Alternative study,* 0.83
<6 ' ’ 1,72 {1.35-2.200 <.001 05 (P:.OI) in the CHARM-Added
=6 1.33 (1.12-1.56) <.001 05 study,” and 0.86 (P=.051) in the
Creatining? 1.51{1.18-1.93) <.007 07 CHARM-Preserved study.® The magni-
Lung disease tude of our findings may be due to
No 1.52 (1.29-1.79) =001 06 chance, but RCTs may understate

Yas 1.17 (0.90-1.51) .24 06

“real world" differences, and it is con-
Abbreviation: Cl, confidance interval,

3For creatining= 100 umolL (1,13 mg/dL). ceivable that candesartan is better

than losarian by a magnitude similar

Figure 2. Hazard Ratios for All-Cause Montality for Losartan vs Candesartan From the 1@ ¥:Ce?§"ﬁv 1in the overall popula-
Multivariate Model Stratified for Propensity Scores and interaction With Selected Subgroups _nes an OVErat popuia

tion of our study was quite high. This

' - of Daaths/Totel Ko l Favors | Favers may be explained by 54.5% of patients

Subgroup Candesartan Losartan Losantan ;| Candasartan being registered as outpatients. lnpa-

12005 o 2087701 tient registralfon was indeed an inde-

20002008 35542425 48271798 — pendfam plredtclor of mortahly. qu-

Wormen 17741006 3481017 ——— ever, inpatient vs ouipatent registration
s 6411633 5401483 — did not affect the differences between

<70 100/1014 15706 ° U . losartan vs candesarian (location was
c:.;?-.im prroll ez TaTR = included in all our models and there

o , erotedl S e was no interaction between ARB agent
NYHA class and location).

i 5355,&}3:; 22;5:33: - Qur study has limitations. First,
LR % sisie 511308 - the diagnosis of HF in the Swedish
R 198/1120 34741102 —— }i-leart Failure l'leglslnty is clmu:_::il and

Yos 1801767 325/918 —— oes not require objeclive cvidence
B Bocker aranera seariesz — of HF. A majority of patients had

N a78/2298 697/2057 —a echocardiography data (87%) but
Axdosterars aragonst persa 181 - only 31% had (N-terminal pro) brain

iy Bidsrc e —a natriuretic peptide, and in patients
Ag:sinnmor 1z - - with preserved LVEF, there were no

No 3802218 867/2423 — formal diagnostic criteria. Indeed, a
T“;_!ig“’““" e 34171684 2687534 ——— larger proportion of patients with
Tt dose al 150 mg/d to0/ess B20/1965 — prescr.ved LVEF had concomitant

= E —— ol ave had 197 Nopeineloss AREL

L - "
o7s 10 135 15 irs20 25 s are effective mainly in HF with
Hazard Ratio 185% C7 reduced LVEF and, in our study,

ACE Indicates angiotensin-converting enzyme: CI, confidence interval; LVEF, left ventricular ejection fraction; candesarta n was associa [ed_ wi l.h
NYHA, New York Heart Assocatior. Continuous and eategorical variables with more than 2 levels were di-  lower mortality than losartan in this
chotomized at clinically relevant cutoff for presentation purpeses. For variabies with missing data, this number subgroup. In a regisiry study, ireat-
is the mean of the 10 imputations. ,

ment may chan ge over Lime and
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adherence is not monitored, and our
study reflects only agent, dose, and
coexisting HF therapy at the time of
inclusion. However, this is true in
intention-lo-ireat randomized studies
as wetl.

In additien, our study is limited by
its nonrandemized character and
there are polential biases and con-
founders that may be responsible for
our findings. First, choice of ARB
agent may be subject to selection bias
and we cannot determine whether
hypertension or HF or diabetes was
the primary indication. The Swedish
Heart Failure Registry contains clini-
cal variables that may affect choice of
agent, such as hypertension, diabe-
tes, and duration of HF. These were
accounted for in the derivation of a
propensity score [or each patient,
adjusted for in multivariate regres-
sion and examined in tests for inter-
action with ARB agent (duration of
HF was also stratified). Because
losartan has been available longer
than candesartan, earlier inclusion in
the Swedish Heart Failure Registry
may entail a higher likelihood of
receiving losartan. Indeed, year of
inclusion in the Swedish Heart Fail-
ure Registry was skewed toward later
years for candesartan. However, year
of inclusion was correcied for by the
propensity score, did not interact
with ARB agent, and was stratified
for, and candesartan remained asso-
ciated with lower mortality than
losartan,

Second, the efficacy of dilferent
ARB agents is subject to confound-
ing, The Swedish Heart Failure Reg-
istry conlains numerous variables
that may affect outcomes indepen-
dent of ARE agent, such as age,
LVEF, NYHA class, renal funclion,
dose of ARB, and treatment with
other HF drugs, and patients treated
with lpsartan were less healthy (ex-
cept for better LVEF), However,
these were included in propensity
scores and multivariate analysis and
examined [or interactions with ARB
agenl. Also, important variables were
examined in-siratifications, without

©2011 American Medical Association. All rights reserved.
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changing the results. Earlier inclu-
sion inay also entail less utilization of
evidence-based therapies. However,
concomitant HF therapies were
included in the propensity score and
muliivariate analysis, In addition, the
importance of up-titration of doses is
well known. Indeed, the HEAAL
study® showed that losartan dose of
150 mg/d compared with 50 mg/d
was associated with less combined
cardiovascular mortality and HF hos-
pitalization. However, even after
adjustment for a target does of 150
mg/d, losartan remained assoctated
with higher mortality than candesar-
tan did in our study.

Nonetheless, we cannol rule out that
the benefits with candesartan are due
10 potential unknown conlounders, The
quantification of residual confound-
ing suggests that to invalidate the re-
sults, a potential confounder or com-
bination of confounders would have 1o
have both a strong association with all-
causé mortality and also be consider-
ably likely 1o alfect the choice of losar-
1an vs candesartan. We are unaware of
any previously described variables and
lind it unlikely (but cannot rule out)
that there exists unknown variables,
which are not adjusted for in our analy-
sis, have a relatively strong associa-
tion with all-cause mortality, and would
be likely 10 affect the choice of losar-
tan vs candesartan.

In conclusion, our findings suggesi
that candesartan is associated with less
all-cause mortalily than losarian. How-
ever, clinical decision making should
await supportive evidence of this ob-
served association. ldeally, different
ARB agents should be tesied against
each other in RCTs. It would also be im-
portant and perhaps mere [easible to
confirm our findings in other large HF
registries.
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for Vascular Events

The ONTARGET Investigators*

ABSTRACT

BACKGROUND .

In patients who have vascular disease or high-risk diabetes without heart failure,
angiotensin—converting—enzymc (ACE) inhibitors reduce mortality and morbidity
~ from cardiovascular causes, but the cole of angiotensin-receptor blockers (ARBs)
in such patients is unknown. We compared the ACE inhibitor ramipril, the ARB
telmisartan, and the combination of the two drugs in patients with vascular disease
ot high-risk diabetes.

METHODS

After a 3-week, single-blind run-in period, parients underwent double-blind random-
ization, with 8576 assigned to recejve 10 mg of ramipril per day, 8542 assigned to
receive 80 mg of telmisartan per day, and 8502 assigned to receive both drugs (com-
bination therapy). The primary composite outcome was death from cardiovascular
causes, myocardial infarction, stroke, or hospitalization for heart failure.

RESULTS .
Mean blood pressure was lower in both the telmisartan group (a 0.9/0.6 mm Hg
greater reduction) and the combination-therapy group (a 2.4/1.4.mm Hg greater
reduction) than in the ramipril group. At 2 median follow-up of S6 months, the pri-
mary outcome had occurred in 1412 Patients in the ramipril group (16.5%), as
compared with 1423 patients in the telmisartan group (16.7%; relative risk, 1.01;
95% confidence interval [CI), 0.94 to 1.09). As compared with the ramipril group,
the telmisartan group had lower rates of cough {1.1% vs. 4.2%, P<0.001) and angio-
edema (0.1% vs. 0.3%, P=0.01) and a higher rate of hypotensive symptoms (2.6%
vs. 1.7%, P<0,001); the rate of synicope was the same in the owo Eroups (0.2%j. In the
combination-therapy group, the primary outcome occurred in 1386 patients (16.3%;
relative risk, 0.99; 95% CI, 0.92 to 1.07); as compared with the ramipril group, there
was an increased risk of hypotensive symptoms (4.8% vs. 1.7%, P<0.001), syncope
{0.3% vs. 0.2%, P=0.03), and renal dysfunction (13.5% vs. 10.2%, P<0.001).

CONCLUSIONS

Telmisartan was equivalent to ramipzil in patients with vascular disease or high-
tisk diabetes and was associated with Jess angioedema. The combination of the two
drugs was associated with more adverse events without an increase in benefit.
(ClinicalTrials.gov number, NCT00153101.)

N ENGL) MED 35815 www.NEJM.ORG  APRIL 10, 2008

Downloaded from www.nejm.org on June 10, 2009 . For personal use only. No other uses
Copyright © 2008 Massachusetts Medical Society. Al rights ressrved.

The members of the writing committee
{Salim Yusuf, D.Phil., Koon X, Teo, Ph.D.,
Janice Pogue, M.5c., Leanne Dyaf, M.S¢.,
and Ingrid Copland, Population Health
Reszarch institute, McMaster University
and Hamifton Health Sciences, Hamil-
ton, ON, Canada; Hefmut Schumachesr,
PH.D., Boehringer Ingelheim, Ingelheim,
Germany; Gilles Dagenals, M.D., Laval
University Heart and Lung Institute, La-
val Hospltal, Quebee, QC, Canada; Peter
Sleight, D.M., Oxford University, Oxford,
United Kingdom; and Craig Andersen,
Ph.D., George institute for International
Health, University of Sydnay, Sydney} as-
sume responsibility for the overall con-
tent and integrity of the article. Address
reprint requests to Dr. Yusuf at the Popu-
lation Health Research institute, Hamilton
Health Sciences and McMaster University,
237 Barton 5t. East, Hamifton, ON L8L X2,
Canada, or at yusufs @mcmaster.ca.

*The Ongoing Telmisartan Alone and in
Combination with Ramipril Glabal End-
point Trial (ONTARGET) investigators
are listed in the Appendix.

This article (10.1056/NE]MoacBo 317) was
published at www.nejm.org on March 31,
2008.

N Engf | Med 2008;358:1547.59,
Copyright © 200K Massachusates sMedicat Society,

1547

without permission.



1548

The NEW ENGLAND JOURNAL 1WMEDICINE

ANDOMIZED, CONTROLLED TRIALS IN-

valving about 150,000 patients have con-
é. wYyincingly demonstrated that angiotensin-
converting-enzyme {ACE) inhibitors reduce rates
of death, myocardial infarction, stroke, and heart
failure among. patients with heart failure,! Jeft
ventricular dysfunction,? previous vascular dis-
ease alone,>? or high-risk diabetes.® ACE inhibi-
tors do not black the production of all angioten-
sin il, so direct receptor blockade might be more
effective. ACE inhibitors reduce bradykinin degra-
dation, which enhances vasodilatation, but in-
crease the rates of angioedema and cough. In pa-
tients with heart failure, angiotensin 11 levels may
increase and symptoms worsen, despite the use
of ACE inhibitors.® The use of an angiotensin-
receptar blocker (ARB), as compared with placebo,
reduced the rate of death or hospitalization for
heart failure in patients with a low ejection frac-
tion and heart failure who either could not toler-
ate an ACE inhibitor'® or were already receiving
one.'>12 As compared with bera-blockers, ARBs
also reduced vascular events in high-risk patients
with hypertension and left ventricular hypertro-
phy.'* Nevertheless, in other high-risk popula-
tions, the role of ARBs as an alternative or in ad-
dition to ACE inhibitors to prevent cardiovascular
outcomes is not known.,

pared with 10 mg of ramipril daily. If the
noninferiority of telmisartan was demonstrated,
we would test the superiority of telmisartan over
ramipril. We would also determine whether the
combination of the two drugs was more effective
than ramipril alone in reducing the composite
outcome of death from cardigvascular causes,
myocardial infaretion, stroke, or hospitalization
for heart failure.

The main secondary outcome was a compos-
ite of death from cardiovascular causes, myocar-
dial infarction, or stroke, which was the primary
outcome in the Heart Qutcomes Prevention Evalu-
ation (HOPE) trial5 Other secondary outcomes
were new heart failure, diabetes mellitus, atrial
fibrillaton, dementia or cognitive decline, ne-
phropathy, and revascularization _procedutes.
Other outcomes were death from any cause or
from noncardiovascular causes, angina, transient
ischemic attack, development of left ventricular
hypertrophy, microvascular complications of di-
abetes, changes in blood pressure or in the ankle-
to-arm rz2tio of blood pressure, and new cancers.

National coordinators and clinical monitors
supervised the recruitment of patients at 733 cen-
ters in 40 countries. The trial was coordinared and
data were gathered and analyzed by the Popula-

tion Health Research Institute at McMaster Uni-

We evaluated whether the ARB telmisartan
was not inferior to the ACE inhibitor ramiprii
and whether a combination of the two drugs was
superior to ramipril alone as a treatment to pre-
vent vascular events in high-risk patients who had
cardiovascular disease or diabetes mellitus but did
not have heart failure. We used a dose of ramipril

“that had previously been shown to be effective

for this outcome.

METHODS

STUDY DESIGN ,
The design of the study has been described previ-
ously.* We enrolled patients with coronary, periph-
eral, or cerebrovascular disease or diabetes with
end-organ damage. Patients who could not toler-
ate ACE inhibitors were randomly assigned to
receive either telmisartan or placebo in a parallel
trial.** Detailed eligibility criteria have also been
described previousiy (for details, see the Sup-
plementary Appendiz, availabie with the full text
of this article at www.nejm.org), The primary ob-
jectives of our study were to determine the effec-
tiveness of 80 mg of telmisartan daily, as com-

versity and Hamilton Health Sciences, with coor-
dinating suboffices at Oxford University and the
University of Auckland. The steering committee
designed and oversaw the trial. An operations
committee, with representatives from the three
coordinating centers and the sponsor {Boehringer
Ingelheim), met regularly to evaluate progress.

All main study outcomes (death according to
any cause, myocardial infarction, stroke, and hos-
pitalization for heart failure) were adjudicated by
a central committee whose members were un-
aware of study-group assignments, with the use
of standard criteria.* All serious adverse events
were reviewed by an independent data and safety
menitoring board,

The initial draft of the manuscript was writ-
ten by Dr. Yusuf and the writing committee, who
vouch for the data, with input from the steering
committee. The protocol was approved by regu-
latory authorities and the ethics review commit-
tee at each participating institution.

RUN-IN PERIDD AND RANDOMIZATION
After written informed consent was obtained, pa-
tients entered a single-blind run-in period in which

N ENGL) MED 355,15 Www.NEJM.ORG APRIL 10, 2008
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they received 2.5 mg of ramipril once daily for
3 days, followed by 40 mg of telmisartan and 2.5
mg of ramipril once daily for 7 days and then 5 mg
of ramipril plus 40 mg of telmisartan for 11 to
18 days. Of the 29,019 patients who entered the
run-in period, 3399 (11.7%) were excluded from
the study: 1123 (3.9%) had poor compliance, 597
(2.1%) withdrew from the study, 492 (1.7%) had
symptomatic hypotension, 223 {0.8%) had an el-
evated potassium level, G4 {0.2%) had an elevated
creatinine level, 872 (3.0%) had other reasons for.
exclusion, and 27 (0.1%) died.

A total of 25,620 patients underwent random-
ization and were stratified according to site with
the use of permuted blocks through a central zutp-
mated telephone service, For the first 2 weeks after
randomization, 8542 patients were assigned to
receive 80 mg of telmisartan once daily, 8576 were
assigned to receive 5 mg of ramipril once daily,
and 8502 were assigned to receive a combination
of the two drugs (combination, therapy). After
2 weeks, the dose of ramipril was increased to
10 mg per day. Follow-up visits occurred ar
6 weeks, at 6 months, and then every 6 months
until the Iast scheduled visit.

INTERIM IIANAL'\'SIS AND DATA MONITORING
An independent datz and safety monitoring board
of cardiologists, statisticians, and clinical-trial ex-
. perts met twice yearly; three formal interim anal-
yses were conducted when 25%, 50%, and 75%
of the events accrued. A modified Haybittle~Peto
approach?® guided decisions (i.e., a boundary of
4 SD in the first half of the trial and 3 SD in the
second half for efficacy; for safety, if boundarijes
of 3 SD and 2 5D, respectively, were crossed in 2
second analysis 4 to 6 months later, it would trig-
ger consideration of stopping).

STATISTICAL ANALYSIS
The number of patients was based on the rate
of death from cardiovascular causes, myocardi-
al infarction, stroke, or hospitalization for heart
failure associated with ramipril in the HOPE tri-
al, in which the Kaplan—Meier estimate for the
primary outcome was 0.0397 per year. A detersni-
nation of noninferiority required 2 hazard ratio
for telmisartan as compared with ramipril that
was below a predefined margin, with most of
ramipril’s effect, as compared with placebo, re-
tzined by telmisartan. ‘

The margin was determined by the results of
the HOPE trial, in which the hazard ratio with

10 mg of ramipril, as compared with placebo,
was 0.775 for 2 composite outcome of death
from cardiovascuiar causes, myocardiai infarc-
tion, stroke, or hospitalization for heart failure;
this was similar to the hazard ratios in other
studies comparing ACE inhibitors with place-
bo.%? We chose the 40th percentile {0.794) as a
more robust reference to describe the effect of
ramipril. The relative risk was transiated into an
excess risk for placebo as compared with rarmipril
of 1.26. Thus, 2 margin of 1.13 ensured that telmj-
sartan retained at least half the effect of ramipril,
if the upper limit of the one-sided 97.5% confi-
dence interval for the hazard ratio was less than
this value. We also evaluated whether the com-
bination of telmisartan plus ramipril was supe-
rior to mamipril alone,

We tested both hypotheses using group se-
quential tests with a one-sided type 1 error of

. 0.025, with three planned interim analyses. If one

of the two comparisons did not reject the null

hypothesis, the other comparison needed an alpha |

of 0.0125. The original planned sample size of
7800 patients who were followed for a mean of
4.5 years provided a power of 93% for the supe-
riority hypothesis, if the hazard ratig was 0.87,
For noninferiority, the expected power was 89%,
for a hazard ratio of 1.00.

The primary analysis used a time-to-event ap-
proach, counting the first occurrence of any com-
ponent of the composite outcome, and included
ail randomized patients. All reported P values
-(other than for noninferjority} are two-sided. Con-
sistency of treatment effects in prespecified sub-
Broups was explored by the Cox regression model,
with tests for interaction.1s3? We performed 2
sensitivity analysis according to the protocol by
censoring data from patients who took the study
drugs for less than 50% of the study period,

RESULTS

CHARACTERISTICS OF THE PATIENTS

Characteristics of the 25,620 patients who under-
went randomization were similar in the three
study groups (Table 1); 27% were women, 85%
had cardiovascuiar disease,.69% had hyperten-
sion, and 38% had diabetes. A high proportion of
patients had previously received proven therapies:
seatins (61.6% at baseline, increasing to 70.6% by
the end of the study), antiplatelet therapy (80.9%
and 77.5%, respectively), beta-blockers (56.9% and
56.9%), and diuretics (28.0% and 32.5%),

N ENCLj MED 358115 wWwW.NEJM,ORG  ARRIL 10, 2008
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Tahle 1, Baseline Charzcteristics of the Patients,

Characteristic
Age —yr
Blood pressure — mm Hgt
Heart rate — beats/min
Body-mass index} ‘
Cholesterol — mmol/liter
Total
LoL
HDL
Triglycerides — mmolffiter
Glucose — mmol/liter
Creatinine — umoi/liter
Potassium — mmol/liter
Female sex — no. (%)
Ethnic group — no. (3%)§
Asian
Arab
African
Eurapesn
Native or aboriginal
Other ethnic group
Missing data
Clinical history — no. (%)
Coronary antery disease
Myocardial infarction
Angina pectorig
Stable
Unstable '
Stroke or transient ischemic attacks
Peripheral artery disease
Hypertension
Diabetes
" Left ventricular hypertréphy
Microalbuminuriag
Previaus procedures — no. (%)
Coronary-artery bypass grafting
Percutaneous transluminal coronary
angiopiasty
Smoking status — ne. {%)
Current smaoker

Past smoker

Ramipril
(N=857§)

66.4+7.2
141.8217.4/82.1510.4

67.9+12.2

28.144.5

4.9+1,1
2.9¢1.0
1.3+0.4
17«11
6.7+26
93.5£22 8
4.410.4
2331 (27.2)

1182 (13.8)
102 (1.2)
206 (2.4)

6273 (73.1)
747 (3.7)

64 (0.7)
2 (<0.1)

6382 (74.4)
4146 (48.3)

3039 (35.4)
1257 (14.7)
1805 (21.0)
1136 (13.2)
5918 (65.0)
3146 (36.7)
2085 (12.7)

929 (13.1)

1862 (21.7)
2527 (25.5)

1062 (12.4)
4463 (52.0)

Telmisartan
{N =B8542)

66.4x7,1
141.7£17.2/82.1+10.4

68.0+12.3

28.124.6

4.9x1.]
2.9z1.0
1.3:0.4
171l
6.7+2.5
91.8+22 8
4.4+0.4
2250 (26.3)

1172 (13.7)
106 {1.2)
215 (2.5)

6213 (72.7)
756 (2.9)

77 (0.9)
3 (<0.1)

6367 (74.5)
4214 (49.3)

2958 (34.6)
1296 (15.2)
1758 (20.6)
1161 (13.6)
5862 (68.6)
3246 (38.0)
1120 (13.3)

923 (13.2)

1920 (22.5)
2476 (29.0)

1062 (12.4)
4463 (52.3)

Combination Therzpy
[N=8502)

66.5£7.3
141.9417.6/82.1+10.4
67.7£12.2
28.0£4.5

5.0£1.2
23510
1.3x0.4
17413
6.742.6
93.8+22.8
4.420.5 .
2250 (26.5)

1167 (13.7y
106 (1.2)
208 (2.4)

6222 (73.2)
728 (3.6)

69 (0.8)
2 (<0.1)

6353 (74.7)
4189 (49.3)

2960 (34.8)
1264 (14.9)
1779 (20.9)
1171 (13.8)
5827 (68.5)
3220 (37.9)
1082 (12.7)

929 (13.3)

1893 (22.3)
2434 (28.6)

1101 {12.9)
4345 (51,1)

N ENGLJ MED 358,15 www.nEIM.ORG

Downloaded from www.nejm.org on June 10, 2009 . For
Copyright © 2008 Mas

personal use
sachusetts Medical Society.

APRIL 1Q, 2008

only. No other uses without parmission.
All rights reserved,




TELMISARTAN, RAM IPRIL, OR BOTH iN HIGH-RISK VASCULAR DISEASE

Table 1. {Continued.} -

Ramipril - Telmisartan Combination Therapy

Characteristic [N=8576) (N <8542} (N =8502)
Medlication — no. (%)

Statin 5234 (61.0) 5294 (62.0) 5255 (61.8)

Beta-blocker 4847 (56.5) 4860 (56.9) 4876 (57.4)

Aspirin 6473 (75.5) 6469 (75.7) 6461 (76.0)

Clopidogre! or ticlopidine 927 (10.8) 966 (11 .3) 931 {1L.g)

Antiplatelet agent 6903 (80.5) 6926 (81.1) 6398 (81.1)

. Diuretic 2454 (28.6) 2359 (27.6) 2351 (27.7)

Calcium-channel blocker 2821 (32.9) 2787 (32.6) 2864 (3179

* Plus—minus values are means +5D. HDL denotes high-density lipoprotein, and LDL low-density lipaprotein,
T A total of 13,386 patients had a systolic blood pressure of more than 140 mm Hg.
}+ Body-mass index is the weight in kilograms divided by the square of the height in meters.

§ Ethnic group was self-reported.

% The percentage is based on 21,074 patients who underwent baseline urinary analysis: 7073 patients in the ramipril
group, 7013 patients in the telmisartan group, and 6988 patients in the combination-therapy group.

FOLLOW-UP AND ADHERENCE

A total of 25,577 patients (99.8%) were followed
until a primary event occurred or until the end of
the study (median, 56 months). Among patients
in the ramipril group, 92.2% were taking an ACE
inhibitor and 1.0% were taking an ARB at 1 year,
with respective proportions of 89.4% and 1.8% at
2 years, 87.5% and 2.0% at 3 years, 86.6% and
2.4% at 4 years, and 84.7% and 3.3% at the end
of the study. Among patients in the telmisartan
group, 93.9% were taking an ARB and 2.6% were
taking an ACE inhibitor at 1 year, with respective
proportions of 91.2% and 4.2% at 2 years, 89.3%
and 4.6% at 3 years, 87.7% and 5.0% ar 4 years,
and 85.6% and 6.4% at the end of the study,
Among patients in the combination-therapy group,
85.5% received both drugs, 2.8% received an ACE
inhibitor only, and 3.5% received an ARB only at
1 year; the respective proportions were 81.5%,
4.2%, and 4.8% at 2 years; 78.7%, 4.5%, and 5,4%
at 3 years; 76.8%, 4.7%, and 5.7% at 4 years; and
73.6%, 6.0%, and 6.4% at the end of the study.
The proportion of patients receiving the fuil
dose of ramipril at 2 years was 81.7% in the
ramipril group and 75.3% in the combination-
therapy group. The proportion of patients receiv-
ing the full dose of telmisartan at 2 years was
88.6% in the telmisartan group and 84.3% in
the combination-therapy group. The study drug
was discontinued by 2029 patients (23.7%) in the
ramipril group and 1796 (21.0%j in the telmisar-
tan group. In the combination-therapy group, 1929

patients (22.7%) discontinued both drugs, and an
additional 566 (6.7%) stopped taking one drug.

The most important reasons for permanent
discontinuation of a study drug are summarized
in Table 2. More patients discontinued ramipril
(either as monotherapy or with telmisartan) be-

cause of cough or angioedema than discontinued -

telmisartan alone. In the combination-therapy
group, 2n increased number of patients stopped
taking a study drug because of hypotensive symp-
toms, syncope, diarrhea, or renal impairment, as
compared with the ramipril groups.

BLOOD PRESSURE, POTASSIUM, AND CREATININE

Before the run-in period, the mean blood pres-
sure was 141.8/82.1 mm Hg. At 6 weeks, the mean
blood pressure was reduced by 6.4/4.3 mm Hg in
the ramipril group, by 7.4/5.0 mm Hg in the tel-
misartan group, and by 9.8/6.3 mm Hg in the
combination-therapy group. Patients in the telmj-
sartan group and the combination-therapy group
continued to have slightly lower blood-pressure
levels throughout the study period (average reduc-
uons, 0.9/0.6 mm Hg and 2.4/1.4 mm Hg, respec-
tively) than did patients in the ramiprii group. The
numbers of patients who had a doubling of the
creatinine level were similar in the three groups
(159 in the ramipril group, 170 in the telmisartan
group, and 180 in the combination- therapy group).
The numbers of patients who had an increase in
the potassium level of more than 5.5 mmol per
liter were similar in the ramipril group (283 pa-
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Table 2. Discontinuation of Study Medications and Salected Reasons for Permanent Discontinuation.*

Combination
Ramipril Telmisartan Therapy
Variable (N=28576} {N=8542) {N=8502)

number (percent)
Total no. of discontinuationst 2099 (24.5) 1362 {23.0) 2495 (29.3)
Reason for permanent discon-

Hypotensive symptoms 14% (1.7 223 (2.7 406 (4.8)
Syncape 15 0.2) 19 (0.2) 29 (0.3)
Cough 360 (4.2) 93 {L1) 392 (4.6)
Diarrhea 120 . 190.3) 39 (0.5)
Angicedemna 25 {0.3) 10 {0.1) 18 (0.2
Renal impairment 60 (0.7 68 (0.8} 94 {1.1)

Cambination Therapy
vs. Ramipril

Relative Risk P Value

Telmisartan vs. Ramipril
Relative Risk P Value

0.94 002 . 120 <0.001
1.54 <0.001 275 <0.001
1.27 0.49 195 0.03
0.26 <0.001 110 0.19
1.59 0.20 3.28 <0.001
0.4 001 0.73 0.30
1.14 0.46 1.58 <0.001

*.There were no predefined criteria for sa

tinuation of study drug,

T A patient could have muitiple discontinuations, sinc
tinuation. .

ch of the adverse events listed. Reasons listed are those provided by the investigator far the discon-

e patients were encauraged to restart study medications whenever possible after discon-
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_tiehtsJ and the telmisartan group (287 patients),

but the oumber was significantly higher in the
combination-therapy group (480 patients, P<0.001
for the.comparison between the combination-
therapy group and the ramipril group).

PRIMARY OUTCOMES AND DEATH

The primary outcome occurred jn 1412 patients
(16.5%) in the ramipril group, in 1423 patients
(16.7%) in the telmisartan group, and in 1386 pa-
tients (1G.3%) in the combination-therapy group
(Fig. 1 and 2 and-Table 3). The upper boundary of
the confidence interval {1.09) for the relative risk
of the primary outcome in the telmisartan group
as compared with the ramipri] group was sig-
nificantly lower than the predefined noninferior-
ity boundary of 1.13 (P=0.004). However, the
lower boundary of the confidence interval (0.94)
indicates that telmisartan was not superior to
ramipril. The secondary outcome — death from
cardiovascular causes, myocardial infarction, or
stroke — occurred in 1210 patients (14.1%) in
the ramipril group and in 1190 patients (13.9%)
in the telmisartan group (relative risk, 0.99; 95%
confidence interval {CI], 0.91 w 1.07; P=0.001 for
noninferiority). The results were consistent for
all components of the primary outcome. Combi-
nation therapy was not significantly better than

" ramipril alone (refative risk, 0.99; 95% CI, 0.92 to

1.07). Adjustments for the small differences in

blood pressure did not materially alter the results
for the primary outcome (relative risk for telmi-

‘§artan vs. ramipril, 1.02; 95% CI, 0.95 to 1.10;

relative risk for combination thetapy vs. ramipril,
1.00; 95% CI, 0.93 t 1.07).

There was no significant difference in the to-
tal number of deaths between the ramipril group
and the teimisartan group (1014 deaths and 989
deaths, respectively; relative risk in the telmisar-
@n group, 0.98; 95% CI, 0.90 to 1.07); the number
of deaths was higher in the combination-therapy
group than in the ramipril Broup (1065 deaths vs.
1014 deaths; relative risk in the combination-thet-
apy group, 1.07; 95% CI, 0.98 to 1.16), but the dif:
ference was not siginificant. Analyses of the cause
of death did not indicate significant differences
with respect to any particular cause {data not
shown), -

SECONDARY AND OTHER OUTCOMES
There were no significant differences in the rates
of secondary outcomes (Tabje 4), except for renai
dysfuncrion, which occurred in 871 patients (10.2%)
in the ramipril group, 906 patients (10.6%) in the
telmisartan group, and 1148 patients (13.5%) in
the combination-therapy group. As compared with
the mmipril group, the telmisartan group had a
similar relative risk of renal impairment (1.04),
whereas the cormbination-therapy group had a
significant increase in the relative risk (1.33,
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P<0.001). The rate of renal dialysis was the same
in the ramipril group and the telmisartan group,
with 48 patients (0.6%) and 52 patients (0.6%),
respectively, undergoing dialysis, whereas the rate
was increased in the combination-therapy group,
with G5 parents (0.8%) undergoing dialysis (P=0.10
for the comparison with the ramipril group).

SUBGROUP ANALYSES

Comparisons of key subgroups showed simitar
results berween the ramipril group and the tefmi-
sartan-group (Fig. 3A) and between the ramipril
group and the combination-therapy group (Fig.

3B). The resuits for both comparisons were also -

consistent in analyses that were adjusted for the
patients’ use of various concomitant drugs (e.g.,
statins, antiplatelet agents, beta-blockers, diuretics,
and caicium-channel blockers) {data not shown).

PER-PROTCCOL ANALYSIS
For the primary outcome with telmisarran as com-
pared with ramipril, the per-protocol analysis

showed a relative risk of 1.00 (95% CI, 0.92 to _

1.09; P=0.006 for noninferiority). Analyses com-
paring combination therapy with ramipril showed
results similar to those of the intention-to-treat
analysis {relative risk, 0.98; 95% CI, 0.90 to 1.07).

DISCUSSION

ACE Inhibitors have been convincingly shown to
reduce rates of death, myocardial infarction,
stroke, heart failure, and revascularization among
patients with previous cardiovascular disease and
high-risk diabetes. Therefore, to provide clini-
cally relevant information, trials evaluating AR Bs
in these patients must include proven doses of an
ACE inhibitor, either as background therapy or as
a comparator. ‘

In our study, we evaluated both approaches in
a population similar to the one studied in the
HOPE trial. Teimisartan was clearly not inferior
to ramipril for both the prespecified primary out-
come of death from cardiovascular causes, myo-
cardial infarction, stroke, or hospitalization for
heart failure and for the primary outcome in the
HOPE trial (death from cardiovascular causes,
myocardial infarction, or stroke). Similarities in
the telmisartan group and the ramiprii group in
the proportions of patients who had heart fail-
ure, underwent revascularization, or had renal
dysfunction (outcomes that were reduced by
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Figure L. Kaplan—Meier Curves for. the Primary Outcome in the Three Study..
The compasite piimary outcome was.death from cardiovascufar causes, .
myocardial infarction, stroke, or hospialization.for heart failure.

Relative Risk [95% CI) P Yalue
Primary compaozite gutcome. —— 0.003
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Figure 2. Relative Risk of the Primary Outcome and ‘af the Main Secondary.
Outeomei=. . -+ ¢ - e
The primary.composite outcome was: death from cardiovascutar causes;. -
myocardial infarction, stroke; or hoipitali_za_tion for heart failure. The rrain-
secondary cutcpme was-death from cardiovascular causes; myocardial in«
farction,. or. stroke; which was used as the primaty eutcame in‘the Heart
Qutcarnes Prevention Evaliation -(HOPE) trial. The P value is.for the com--
parison with the noninferiority. margins. .. - P '

ramipril in the HOPE trial) and the high rates of
adherence to both drug regimens provided ad-
ditional confidence in establishing the noninfe-
riority of teimisartan. As compared with the
ramipril group, the telmisartan group had sig-
nificantly fewer episodes of cough or angioede-
ma, but this benefit was partially offset by higher
rates of hypotensive symptoms (but not syncope).
Higher rates of hypotension-related symptoms
are consistent with the slightly lower blood-pres-
sure levels associated with telmisartan, aithough
the lower levels did not lead to further benefit. The
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Tabie 3. Incidence of the Primary Outcome, Its Components, and Death from Any Cause:-

Ramipril Telmisartan  Combination Therapy  Teimisartzn vs. Combination Therapy
Qutcome (N =8576) (N = 8542} {N=8502) Ramipyil vs. Ramipril
number (percent) risk ratio (95% Ci)

Death from cardiovascular causes, mya- 1412 (16.5) 1423 (16.7) 1386 {16.3) 1.01 (0.94~1.09). 0.99 {0.92-1.07)

cardial infarction, stroke, or hos-

pitalization for heart failure¥
Death from cardiovascular causes, myo- 1210 (14.1) 1190 (13.9) 1200 (14.1) 0.99 {0.91-1.07) 1.00 {0.93-1.09)

cardial infarction, or stroket .
Myocardial infarctionit 413 (4.8) 440 (5.2) 438(5.2) 1.07 {0.94-1.22)  1.08 (0.94-1.23)
Stroket . 405 (4.7) 369 (4.3) 373 (4.4) 0.91(0.79-1.05)  0.93 {0.81-1.07)
Hospitalization for heart failuret 354 {4.1) 394 (4.6) 312 (3.9) 112 (0.97-1.29)  0.95 {0.82-1.10)
Geath from cardiovascular causes 603 (7.0) 598 (7.0) 620 (7.3) 1.00 (0.89-1.12)  1.04 (0.93-2.17)
Death from noncardiovascular causes 411 (4.8} 191 (4.6) 445 (5.2) 0.96 (083-1.10)  1.10 (0.96-1.26)
Death from any cause 1014 (11.8) 989 (11.6) 1065 (12.5) 0.98 {0.90-1.07)  1.07 {0.98-1.16) -

* Patients could have multipfe events in this category. The numbers of events ware 2058
telmisartan group, and 2000 {23.5%) in the combination-thery

ramipril, and P=0.38 for combination therapy vs. ramiprif).

1 This composite was the primary outcame in the
1 Patients could have muiltiple events in this categ

Heart Qutcomes Prevention Evaluation {HOPE) trial,®
ory. The category inciudes both fatal and nonfatal events.

(24.026) in the ramipril group, 2042 (23.9%) in the
PY Eroup. The differences were not significant (P=0.83 for telmisartan vs.

Téblég 4. Secondary and Other Outcomes, . *© -~

- Ramiprit Telmisartan  Combination Therapy  Telmisartan vs, Combination Therapy
Outcome (N=8576) {N=8542) (N=8502) Ramipril vs, Ramipril

number (percent} relative risk (95% CI}

Revascularization 1269 (14.8) 1290 {15.1) 1303 (15.3) 1.03 {0.95-1.11) 1.04 (0.97-1.13)
Mos pitalization for angina 925 (10.8) 954 (11.2) 952 (11.2) 1.04 (0.95-1.14) 1.04 (0.95-1.14)
Worsening or new angina 567 {6.6) 536 (6.3) 538 (6.3) 0.95 (0.34-1.07) 0.96 (0.85-1.08).
New diagnosis of diabetes* 366 (6.7) 399 (7.5) 373 (6.1) 1.12 (0.87-1.29) 0.91 (0.78~1.08)
Any heart failure 514 (6.0) 537 (6.3) 478 (5.5) 1.05 {0.93-1.19} 0.94 (0.83-1.07)
New atrial fibrillationt 570 (6.9) 550 (6.7) 537 (6.5) 0.97 {0.86-1.09) 0.96 {0.85-1.07)
Renal impairment 871 (10.2) 206 (10.6) 1148 (13.5) 1.04 {0.96~1.14) 133 (1.22-1.44)§
Renal failure requiring dialysis 48 (0.5) 52 (0.6) 65 (0.8) 1.09 {0.74-1.61) 1.37 {0.94-1.98)

“* The numbers of patients included in this analysis were 5427 in the ramiprit group, 5294 in the telmisartan group, and 5280 in the combina-
tion-therapy group.
t This category includes only patiems who did not have atrial fibrillation at baseline: 8296 in the ramlpril group, 8259 in the telmisartan
group, and 8218 in the combination-therapy group. _ - }
1 Na specific definitions were used. A determination of renal impairment was based on the clinical investigator's report of an event that led to
- the discontinuation of a study drug, .
§ P<0.001.
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benefits of ARBs are being evaluated in three
other placebo-controlled trials that are expected
to be completed in 2008.24.18.19 _

Our results parallel the findings of the
Valsartan in Acute Myocardial Infarction Trial
(VALIANT),? which established the noninferior-
ity of valsartan, as compared with captopril, in

N ENGL) MED 358,15 WwW.NE)M.ORG

patients with left ventricular dysfunction or heart
failure after myocardial infarction. The. upper
boundaries of the confidence intervals and the
noninferiority margins were almost identical in
the two studies, even though they enrolled differ-
ent patient populations. The side effects in our
study were similar to those in the VALIANT study,
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which showed lower rates of cough and angio-
edema in the valsartan group than in the capto-
pril group but higher rates of hypotension-related
symptoms. There were more dose reductions (but
not disconrinuations) because of renal complica-
tions in the valsartan group than in the captoprii
group, an association that was not observed in
our study. .

In order to establish noninferiority, a rigorous
trial design is required that includes a patient
population similar to that in the reference trial,
a simnilar drug regimen, high adherence rates, out-
comes that the comparator is known to affect, and
high statistical power to exclude elinically impor-
tant differences. All these criteria were satisfied
in our study. The entry criteria for our study and
the event rates in the ramipril group were simi-
lar to these in the HOPE trial, with high follow-
up rates in both trials. Moreover, the adherence
rate was higher in the ramipril group (89.4% at
2 years and 84.7% at the end of the study among
patients receiving either ramipril or an open-label
ACE inhibitor) than that in the HOPE trial (85.0%
and 78.8%, respectively). A sensitivity analysis that
was restricted to patients who adhered to their
allocated drug regimen for more than 50% of

 the study period showed the consistency of our
results and confirmed the robustness of nonio-
feriority.

In our study, we confirmed the staristical
noninferiority of telmisartan, as compared with
ramipril, since the upper boundary of the 97.5%

- confidence interval (1.09) was lower than the
predefined margin of 1.13 for both the primary
outcome (P=0.004) and the primary outcome
used in the HOPE trial (P=0.001). Telmisartan
preserved about 95% (95% CI, 83.2 to 106.3} of
the benefits of ramipril over placebo with respect
to the primary outcome and preserved 105%
(95% CI, 91.6 to 119.0) of the benefits with re-
spect to the outcome of death from cardiovascu-
lar causes, myocardial infarction, or stroke that
were observed in the HOPE trial. Use of the meth-
od of Hasselblad and Kong?! to impute effects of
telmisartan versus placebo (based on the bene-
fits of ramipril .over placebo in the HOPE trial)
indicates a relative risk of 0.79 (95% CI, 0.70 to
0.89) for the primary outcome. The number of
patients who discontinued therapy was signifi-
cantly smaller in the telmisartan group than in
the ramipril group, although the absolute differ-
ence in the discontinuation rate was modest, be-

cause we used an active run-in phase that selected
patients for randomization only if they talerated
both medications. After randomization, we vig-
orously reinforced adherence and encouraged pa-
tients who stopped medications to restart them.
In clinical practice, the rates of discontinuation
might be higher. :

We also evaluated whether the combination of
telmisartan and ramipril (with both drugs target-
ed to the full dose) would be superior to ramipril
alone. Surprisingly, despite a reduction in systolic
blood pressure of 2 10 3 mm Hg in the combina-
tion-therapy group, as compared with the ramipril
group — a decrease that should have translated
into a risk reduction of 4 to 5% — no significant
benefit was seen in the primary outcome among
patients receiving the two-drug therapy. However,
combination therapy significantly increased the
risk of hypotension, syncope, renal dysfuncrion,
and hyperkalemia, with a trend toward an in-
creased risk of renal dysfunction requiring dialy-
sis. These results are similar to the analysis of the
combined effects of an ARB and an ACE inhibi-
tor, as compared with an ACE inhibitor alone, in
four previous trials.® Therefore, even though com-
bination therapy bad a larger biologic effect (as
suggested by greater blood-pressure lowering and
changes in potassium), dual blockade did not pro-
duce any additional elinical benefit in this popu-
lation. :
In this regard, our results are also.similar to
those of the VALIANT study, in which the com-
bination of a full dose of captopril pius valsartan
(the latrer at a dose of 80 mg per day, which was
lower than the 160 mg per day used in the val-
sartan-only group) did not significantly reduce
the occurrence of the primary outcome but did
increase hypotension.2® Taken together, these two
studies showed no additive effect for an ARB in
conjunction with a full dose of a proven ACE in-
hibitor. A

However, our findings contrast with those of
two other studies. In the Candesartan in Heart
Failure: Assessment of Reduction in Mortality and
Morbidity (CHARM) study,** which involved pa-
tients who had sympromatic heart failure and had
been hospitalized in-the previous 6 months, can-
desartan, when added to existing therapy with
any ACE inhibitor used at variable doses {with less
than half the patients receiving full doses), was
superior to placebo in reducing death or hospi-
talizarion for heart failure. Similarly, a reduction
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Ramipri] Better
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Subgroup Patients Group (%} Ralative Risk (95% CJ) Interaction
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Yes. 15,627 16.5.
No 1,436 131
Systolic blood:preszure. ;. 0.10.
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Male 12,497 16.7.
Fermale 4,581 15.8
0.[7 l.iﬂ 1—!3

N ENGL} MED 35815  www.NEJM.ORG

Downloaded from www.nejm.org on June 10, 2009 . For personal use ont
Copyright ©® 2008 Massachusetts Medical Society. Al

APRIL 10, 2008

y. No ather uses without permission.
| ights reserved.




TELMISARTAN, RAMIPRIL, OR BOTH IN HIGH-RISK VASCULAR DISEASE

Figure 3 (facing page}. Relative Risks in Prespecified:
Subgroups:. .. )

Shown are the comparisons between the telmisartan: -
group:and the ramipril group (Panel 4) and between-
the combination-tharapy. (telmisartan plus ramigpril): -
group and the ramipril group (Panel-B). The risk score:
from the Heart Outcomes Preventign Evaluation . -
(HOPE] trial® ranges from 2,350 to 5.928; with higher
scores indicating higher risk..The sizes of the: squares
are proporttoned. to the numbers of eventsi. - -

in hospitalization for heart failure was observed
in the Valsartan Heart Failure Trial;** which com-
pared valsartan with placebo in patients with
heart failure, with about 99% of patients receiv-
ing background therapy with ACE inhibitors at
variable doses. Both trials differed from both our
study and the VALIANT study in that decisions
regarding the dose and choice of an ACE inhibi-
tor were left to individual physicians, and there
was no attempt to titrate the ACE inhibitor to the
maximum dose. Furthermore, patients had symp-
tomatic heart failure despite receiving an ACE in-
hibitor. -

The lack of an additonal benefit of a substan-
tial lowering of blood pressure is puzzling, both
in our study and in the VALIANT study. These
results may have been due to previous successful
treatment of patients with other drugs so that
lictle further clinical benefit was possible with
the addition of full doses of multiple drugs that
block the renin-angiotensin system. Alternatively,
some harm from combined therapy with ACE in-
hibitors and ARBs used at full doses may offset

any potential gains. Further information is ex-
pected regarding the role of ARBs as compared
with placebo in patients after stroke,® in high- .
risk patients with vascular disease who are un-
able to tolerate an ACE inhibitor,* and in pa-
tients with atrial fibrillation. 2

In conclusion, our data show that in patients
who have vascular disease or high-risk diabetes
but do not have heart failure, telmisartan is an

. equally effective alternative to ramipril and is less.

likely to cause angioedema. The choice between
the two agents will depend on the preferences of
patients and physicians and the individual patient's
susceptibility to specific adverse events. There is
no additional advantage {and there is some harm)

.from the combination of telmisartan and ramipril

used in full doses in this population, as compared
with ramipril alone.
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Guidefine alert for blood pressure patients as treatment combo fails

Toronto, Jan. 16, 2009 - Thousands of Canadians with high bload pressure (hypertension) are being treated with a drug combinatio
that increases the risk of kidney disease and the likelihood of dialysis, warns the Heart and Stroke Foundation,

New guidelines from Canadian Hypertension Education Program (CHEP) based on international research funded in part by the

dation will urge patients who have been prescribed a combination of ACE inhibitars and Angiotensin II Receptor Blockers (ARBs) ¢
see their family physicians as soon as possible for a treatment change.

"These two popular categories af hypertension medication are each safe and effective treatments - but not together,” says Dr. Sheldon
Tobe, spokesperson for the Heart and Stroke Foundation and CHEP executive member, '

As many as 175,000 Canadians with high blood pressure may be currently treated with this combination of medications.

Angiotensin Converting Enzyme (ACE) inhibitors are a type of blood pressure medication that heips widens blood vessels, making it
easier for blood to flow through. Angictensin II Receptor Blackers (ARBs) inhibit the action of a peptide calted angiotensin, which causes
blood vessels to narrow, helping to relax the blood vessels and lower blood pressure.

According to CHEP, mast people who develop hypertension will require treatment with two or more medications plus lifestyie
maodifications. Treating these patients with combinations of drugs will remain a widespread and highly effective practice.

But problems surfaced earlier this year in the ONTARGET study carried out by Heart and Stroke Foundation researchers and published in
t.\!ew England Journal of Medicine.

In this major international dlinical trial of 25,620 patients, the drug combination of an ACE inhibitar and an ARB was found to be only
marginally more effective at towering blood pressure than either of the drugs taken alone. In addition, patients on this combination

experienced more side effects such as kidney problems than those on only one of the drugs. Patients were age 55 and over and had
vascular disease or high-risk diabetes.

‘This trial is a landmark study that helps healthcare providers better understand and more safely prescribe drug combinations far
wpertension,” says Margaret Moy Lum-Kwong, director of the High Blood Pressure AIM Strategy of the Heart and Stroke Foundation of
ntario. "I you are on this particular combination treatment for high blood pressure do not stop taking your medication. Instead go
lirectly to your doctor for an alternative treatment.”

There is a synergy that happens when you use this particular drug combination but, unfortunately, it is not a synergy that benefits
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‘ patients,” says Dr. Tobe who is also a nephrologist at Sunnybrook Health Sciences Centre in Toronta. "When you put the two drugs
together, you don't get any additional protection against heart attacks and strokes and you get more negative side offects.”

ACE inhibitors and ARBs both lower bload pressure through their action on the renin-angiotensin system - a group of hormones
regulated by the kidneys that control long-term blood pressure. :

“The combined action of these two drugs i a source of major stress on the kidneys,” says Dr. Tobe.

"They don't give any additional benefit in combination but each is associated with side effects so all you do is double up the side effect
but you don't double up the benefits,”

Side effects can include fainting, diarrhea, and dangerously elevated potassium levels which could result in the need for dialysis,

Margaret Moy Lum-Kwong has some advice for Canadians with high blood pressure: "Be aware of your medicatians — know what you
are taking and why.” )

“Sometimes more is not better,” says Or. Tobe. "The good news is that patients who are experiencing side effects recover as 500n as
they get off the combination of medications,” he says. The recommendations alsa describe how to combine blood pressure medications
-appropriately to lower biood pressure in people with diabetes. '

The Heart and Stroke Foundation and CHEP have translated the professional bicod pressure management guidelines and they are
available at www.heartandstroke.ca. For more information on hypertension medications go to www.hypertension.ca.

*Heart and Stroke Foundation's Blood Pressure Action Plan™ offers realistic strategies and on-going support to heip individuals
prevent and control high bicod pressure. Canadians can get a free, confidential risk assessment by going to www.heartandstroke, ca.
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OMahoma City, OK, USA ' : .

Summary................ e, 443
Inlmductlon 444
History of fixed-dosa combination therapy of hypertension ..., .. . .. 444
Hauanateforﬁxsd-dosaenmblnaﬂon therapy................ Ve 444
Clinlcat trials of fixed-dose combination therapies . ..,. . . 1" 448
Discussion .. .. ... T e iei .., e e 450
ROMBIBNCSS. .. oo . 451
Summary directty ralated to cardiovascutar and stroke mor-

The incidence of hypertension continues to in- bichy and mortaiity, aggressive treatment and con-
crease woridwide and, according to recent est- trol .of hypertenston are strongly incicated. Since
mateg, is incidence g approximately 30% of tha monotherapy atone Is not aftactive for the control

-S. population. Howaver, the control of blood of stage 2 hypartension, Rxed-dosg combination
pressure (BP) to recommendad laveis of < 14080 therapy with two complementary drugs has bean
mmHg for uncomplicated hypertension, recom. recommended by the JNC-7 guldsiines as initial
mended In the 7th Report of the Joint Natlanal therapy for subjects with dlastofic BP 2 100 mmHg
Committee (JNC-7) on Preventlon, Detectlon, and systolic BP = 160 mmHg. There are savers|
Evaluation and Treatment of High Blood Pressure,  fixad-dose combination preparations already avail-
remaing fow at 36.8%. Becausa the lavel of BPis abie, each with is individual indications, The re-

: cently FDA-approved fixed-dose combinations of
amiodipine with either olmeseartan or vaisartan are

Corraspondence: Staven G. Chrysant, M.D., Ph.D,, very eff in traalfng hypertension and are

5850 W. Wiishire Bive.. Oklahorme City, OK 73132, and weil tolerated. in addition to reducing BP,
USA. Tol.:+1-405-721-6662: Fax: +1-405-721-8417: these new fixed-dogs combinations have atso

E-malt: schrysant@ yahoo.com demonatratad significant reductions in the Ingi-
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dance of ‘edema asscciated with amiodiplne
monotherapy, which makas them more acceptable
to patlents. In addition, due to the metaboile
neutrality, of both component drugs, these prepara-
tions are:prefemble for the treatrant of hypertan-
sive patlents with diabetes or the metabollc syn-
droms, in addition ta other cardiovascular risk fac-
10T, Copyright 2008 Prous Sclence, S.AU. or its toensom, Al
rights reserved,

introduction .

. The hypertansive population in the U.S. is in-
creasing but blcod prassure (BP) control remaina
law (1). At prasent, of the approximately estimatad
88 million hypertensive patients, anly 36.8% are
controlled (BP < 140/80 mmHg) a8 recommendsd
by the 7th Report of the Joint National Committas
(JNC-7) on Prevention, Detection, Evaluation and
Treatment of High Biocd Pressure (1, 2). Several
clinical triais have shown that manotherapy of hy-
pertansion is only effactive in approximately 50%
of patients in achieving BP goa's (3) and that the

ma}oﬂtyo!paﬁamswiilrequiroallaamt'mmﬁhy- )

pertensive drugs to achleve their BP goal (3 5).
mmhrmausecfmamﬂmnonedmg for tha
successful control of BP is due to the multifactorial
causes of hypertension and the involvernent of two
or mora pathological mechanisms. in addition, the
administration of one drug Inftiates counterragula-
tory mechanisms which interfare with its antihypar-
tensive effectivenass. In such cases, the addition
of a second drug with a compiemantary mecha-
nism of action may antagonize the caunterregula-
tory effects of the first drug and lead to a greater
reduction of BF, and It may aiso modiy the side of-
facts caused by the first drug (6 9). In the casa of
dihydropyridine catcium channal blockers (CCBs),
the lag edema caused by these agents is amelio-
rated by-their combination with an angiotensin-
converting enzymse Inhibitor (ACEI) or an an-
giotensin receptor blocker (ARB), as has baen
demonstrated in several clinical trials (10 15).
Among all fixed-dese drug combinations, the dhy-
dropyridine CCR/ACE! and CEB/ARB combina-
tions have been very effectiva for the treatment of
hypertension and are metabolically neutral. in this
concise review, | will focus on the fixed-dose com-
bination -of amiodipine besylate/oimesartan me-

doxomil for the treatment of stage 1 and stage 2

hypertension,

Amlodipine/ARB lixed-dose combinations

History of fixed-dose combination therapy
of hypertension

The principle of using more than cne different
drug with complementary mechaniasms of action
for tha treatment of hypantension has been well ac-
cepted by physicians and has been used for many
yoars. However, the fixed-dose combination of twa
or more compiementary drugs has been slow to
gain widespread accaptance. Historicatly, the first
focad-dose drug combination approved by tha FDA
for the treatment of hypsrtension was Ser-AP-Eg

- {16), a combination of reserpine, hydralazine and

hydrochiorothiazide. Since then, saveral fixed-
dose combinations, most with a low-dose diuretic,
have bean approved by the FDA and markated for
tha treatment of hypartension. Recently, nondiured-
ke fixad-dose drug combinations have been shown
to be effactive, sale and wall tolerated and have-
been approvad by the FDA for the treatment of hy-

" pertension. These include combinations of efther

ACEls with CCBs (10, 13, 17 19) or ARBs with
CCBs (20, 21).

Ratlonaie for fixed-dose combination therapy

The goal of antihypertensive treatment is to
maximize therapeutic efficacy without significant
side affacts. The old approach was to mitiata freat-
ment with & low dose of a single drug and titrate
the dosa upward as neaded to achieve & bettar
therapeutic effect (22). However, this approach did
not necessarily iead to greater efficacy, sinca most
drugs reach an early plateau phase of their dose—
respense effect and higher doses may lead to a
greater Incidence and severity of side effects (23),
as lliustrated in Flgure 1. This figure shows that
within the (inear relationship of the dose-regsponse
curve, B 10-fold increase in the dose of the drug
wil! be required to achlave & doubling of the effect
{(maving from A to B), However, it will also increase
the toxic effects of the drug (moving from Aj10B),
with the exception of ARBS and ACEls, which have
hot shown dose-dependent side effects. Using a
low-dose combination therapy, we avoid the toxic
effacts of the: high-dose monctherapy and at the
same time achleva a better BP control (6, 8).

The benefits of fixed-doss drug combinations
are fisted in Tabie |, By combining two drugs with
complementary mechanisms of action, we use a
lowar dose of the component drugs, avoid the de-
velopment of serious clinical and metabolic side ef-
fects, and at the same time, achieve a greatar BP-
lowering effect through synergism. We aiso en-
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Tabie I Bmaﬁboffbmd—dasawmmmempy:‘w
hypertension,

« Usas lower doses of componsnt drugs

» Minimizes drug side effects

s Enhances druy. efficacy

» Prolongs duration of action
.Enlnnmeﬂwmmwarmw
« Drug doging Nexiblity is not losy

s Imptoves patisnt satistaction ang compllenos
o LLowsrs the cost of care

hance the efficacy of sach drug by Interfering with
the counterregulatory mechanisms set in motlon
with the administration of each compeonent drug, In
addition, the duration of action of the comblned
drug preparation may be proionged due to diffarent
hali-ives of the companent drugs (8}, providing
greater protection of target organs and enhancing
patiant complianca. Due to tha existence of sever-

al fixed-dose combinations of the component '
drugs, the dosing flaxibiitty is not lost i the major-
ity of caseg (8). In addition, the cost of patient care

. isdmsedmmwhfawerﬁtaﬂunvisasandlow-

tary aclion results om areriolar dilatation, some
diuretic action produced by the CCBs and interfer-
ence with the counteraction of angiotensin Il {Ang
M, either through interterence with s genaration
{ACEIs) or through its blockade at the recaptor site
(ARBS). The vasodiiatation and diurests produced
by the CCEs stimulate renin release from the K-
nay, leading fo increased generation of Ang I,
which in turn causes vasocconstriction and counter-
balances the BP-lowering effects of CCBs. The ag-
dition of either ACEls or ARBs interferes with the
action of Ang il and adds to the BP-lowering of-
fects of CCBs. An additianal benefit of this combi-
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nation is the allaviation of pedal edema assoziated
with the CCBs (10 15). The generation of pedal
edema from the CCBs results from their praferen-
tia! artariolar vasodhatation, which causes a pres-
Sure gradient betwean the arteriolar and venular
capiBaries of the circuiation, Isading to exaudation
of fluid into the interatitial tissue, which Is accantu-
ated by the gravity of the orthastatic pesture and is
greater during the day. The addition of ACEls or
ARBs causes both arteriolar and venodilatation,
which diminishes the prossure gradient, anhances
the absomiion of interstitial fluld and allaviatas the
adema (10, 13, 17 21). :

Clinical trinlg of fixed-doss combination
therapies

The antthypertensive affectivensss and safety
of various doses of amiodipine basylate (AB) and
olmesartan medoxomil (OM) afona and in fixed
combination were avaluated In a large multicenter
trial in patients with milg to severa hypartension
(21}. The objectives of this study were to assess
the degree of BPHowering effect and the Incidanca
and magnituda of lag edema with the two drugs

alone and in combination. For this study, 4,234 pa-

tiems were streaned In 172 investigational centors
and 1,840 patients with sitting diastolic BP (SDBP)
of 85 120 mmHg or siting systolic BP (55BP) of
< 180 mmHg were randomized to 12 treatment
groups: arnlodipine besylate 5 or 10 mg/day, oime-
““sartan medoxomll (OM) 10, 20 ar 40 my/day, their
combination AS/OM 5/10, §/20, 5/40, 10/10, 10/20
or 18/40 mg/day, or placebo {PL); they were foi-
lowed for 8 waeks. Of the 1,940 mandomized pa-
tients, 1,689 conyieted the study. The number of
patients who participated n this study and their re-
3ponsa io treatmant are shown in Table 1. A4 traat-
ment groups showed a significantly greater redun-
tion in BP compared to placebe (P < C.001} and
the BP-lowering effacts of combination therapy
ware graater than tha menctherapios (P < 0.001).
In addition, a greatsr number of patients treatad

with the combination therapy reached BP goais -

(< 140/80 mmHg) than those receiving monothen
apy (Fig. 2). All treatment regimens were wail tol-
eratad and side sifects wera not significantty
greater than on placebo, with the exception of ade-
ma (Table ). Edema occurred In 36.8% of pa-
tients aon the high dose (10 mg/day) of amlodipine,
which was reduced to 23.5% when olmesartan 40
mg/day was added to amlodipine 10 mg/day, for a
36.1% decrease (F < 0.001). The rélatively higher

' Amtodipine/ARB fixed-doss combinations

incidence of adema with amiodipine monotharapy
in this study compared to previous studles (12, 13)
was considerad to be due to greater alertness of
the investigators, as the assagsment of edema
wag one of the objectivas of thig study, and the
greatar weight of these patients (body mass Index
{BMI] = 33.0 kg/me), making edema mare ditficult
to discem.

Two other simiar studies evaluated the antihy-
penensive affectiveness of monotherapy with val
sartan or amiodiping and thelr combination com-
pared to placebo in 3,161 patlents with a mean
SDBP of 2 85 and < 110 mmHg (20). Alithough the
protucols were sfightly differant, the resuits were
simifiar for the two studies (Tabie t). The results tor

this combinafion in these wo studies compare well

with those for three other marketed fixed combing-
tions of CCBs with ACEls (10, 13, 17 19).

In the study by Gradman et af (10), different
doses of an extended-raieasse felodipina (faiodip-
ine-ER)enalapril combination were tested in 707
patiants with a mean SDBP of 95 115 mmHyg, fal-
lowed for 8 weeks. In thig study, all doses of
felodipine-ER and enalapril produced significant
BP reductions compared to placebo (P < 0.0071)
and the dnig comblinations were more sffective
than monctherapy (P < 0.05) (Tabie It).

In the study by Dequattro at af. {18), diffarent
toses of sustained-release verapamll (verapami-
SH) were combined with different doses of tran-
dolapril. In this study, 746 patients with stage 3 3
hypertension were mandomized 10 differant drug
combinations and followed for 8 weaks, All treat-
ment regimens reduced BP more than placabo
{P < 0.01, except the low-dose combination of
trandolapriiverapamil-SR 0.5/120 mg/day. Cembi-
nation therapy was bstter than monotherapy
(P < 0.005) in reducing the mean SDBP (Tabke 1I).

in the studles by Chrysant and Bakris (13) and
Chrysant et al {19), different dose combinations of
amiodipine ware studled in patients with stage 1
and 2 hypertansion. In one study (13), 329 patients
whose SDBP was > 95 mmHg after 4 weaks of
traatment with benazep! 40 mg/day were ran-
domized to continued treatment with benazepr! 40
mg/day for 8 additional weeks, or a combination of
benazaprilamiodipine 40/5 mg/tay for 4 weeks
and than forcad tirated to benazepriYamiodipine
40/10 mg/day for an addiional 4 weeks. In the sec-
ond study (19), 812 patients whase SDBP was
2 B5 mmHg after 4 weeks of treatment with am-
lodipine 10 mg/day were randomized to cantinued
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Tabie I Blood pressure decraasa Irom baseline on the various treatment regimens.
Chrysant (21)
Patient no.: 1940 Age: 54,0 yearg Duratian: B-woaks
Monutharapy
Treatment PL AB A8 oM OM oM
Dose (mg/day) 1] 5 10 10 20 40
SDBP (mmhg) -a.1 8.4 127 8.3 8.2 10.2
SEBP (mmeg) -4.8 14.8 19,7 .5 13.8 16.1
Combination tharapy
Treatment ABOM AB/OM AB/OM ABOM AB/OM AB/OM
Dose {mgiday) 810 520 5740 1aMo 1020 10/
SOUBP (mmHg) -13.8 140 165 16.0 17.0 18.0
S88P (mmHg) -24.2 23.8 254 253 28.2 301
Pritpp (20)
Patlent no.: 3181 Age: 55.5 years Duration: 8 wesis
Manatherapy
Treatmaent PL AR AB VH VH YH VH
Dose ( [} 5 10 40 80 160 azo
SDBP ( -85 15 15.6 10.1 8.7 1.0 134
S58P (mmp) -82 15.1 24.1 1.8 12.9 151 15.7
Combiration tharapy
Treatment ABNH ABNM ABRVH AB/VH AB/VH ABNVH
Dosa (mg/day) 5/40 S/80 5160 57320 10160 10/320
SDBP (rmmHg) ~14.8 14.5 14.2 15.% 178 188
SEBP (mmg) -18.6 208 18.5 2.7 27.8 268.4
Gradman {10}
Patientt no: 707 Age: 54 = 11 yeary Duration: B wasia
Monotheragy -
Treatment PL FEL FEL FEL EN EN
Dose {my/day) 0 25 5 10 5 20
SDBP § —~44 7.3 92 1.7 6.0 8.1
sSsap {mmig) -490 - 8.0 10.1 18.0 5.9 10.0
Cambination theragy
Troatment FEL/EN FEL/EN FEL/EN FEL/EN  FEL/EN FEL/EN
Doza (mgitay) 2.5/5 2.5/20 §/5 © 5fg 1075 10/20
SDBP (mmHg -89 1.0 10.6 13.0 128 15.4
S3SBP (mmHg) -19.8 20.8 19.5 227 278 28.4
DeQuattro (18)
Pallent no.: 728 Aga: 55 + 11 years Duration: & weeis
Monotherapy
Treatment PL TRA TRA TRA VER VER VER
Dosw (mg/day) ] 0.5 2.0 8.0 80 120 240
5DBP {mmHg) -2.0 3.0 - 6.0 8.0 2.0 4.0 4.0
SSBP (mmkHg) -3.5 38 56 65 3.0 35 5.4

Cominuad
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Tabls il (Cont.): Blood pressure decreass from basaling on the varous tregtmant megimens.

Combination tharpy

TRAVER TRANVER TRAVER TRANER  TRANVER

Tragtmant TRAMVER TRANVER TRAVER TRANER
Doga (mp/day) 05120 05180 05240 212D 2180 2240 8na0 81 8o 8240
‘SDBP {mmHg) -4.0 30 4.0 ao 8.0 7.0 8.0 7.0 8.0
*SEBP (mmHg) 4.8 57 19 4.9 8.3 10.2 8.9 B4 9.5
Chrysant {19}
Patlent no.: 812 Age: 51+ 11 ysars Duration: 8 weehs
Monctherapy Combingtion therspy
Treatment AB AB/BEN ABBEN
Dose {mp/day) 10 10/20 " 10/4Q
SDBP {mmHg) -85 11.6 12.8
SS8P {mmHg) -5.6 12.1 13.3
Chrysant {13)
Patient no. 329 Ags: 53 = 10 yaamn Duration: 8 8 weaks
‘Monotherapy Combination therapy
Treaimant : ) BEN BEN/AB BEN/AB
Cose (mp/day) : 40 40/5 4010
SDBF (mmHp) 7.4 1.0 14.7
SSBP (mmHg} -5.8 13.3 182
Fogar! (14)
Patisnt no: 80 Age: 50 + 8.2 years Duration: § weaiks
Monotharpy Combination therapy
Freament AB VH AB/VH
Dosae {ing/day) 10 180 10/180
SDBP (mmHg) ~12% 102 168
SSBP {mmHg) —-16.8 145 28

*BP changas ware sulitmcied from placebo. PL, placebo; AB, amiodipine busylate; OM, olmesarian medoxomit: VH, val-
sas@n hydrachioride; FEL, feiadiping; EN, analaprf; TRA, trandeloprit; VER, verapaml.

treatment with amlodipine 10 mg/day for an adde
tional 6 weeks, or a combination of amiodipina/e-
nazepril 10/20 mg/day for 6 weeks, or a combina-
tion of amiacipine/benazepd! 10/20 mg/day for 2
weeks and then 10/40 mg/day for an additional 4
weeks. The resulls are shown in Tabie Il. In both
studies, monotherapy and combination therapy
significantly reduced BP compared to bageline
(P < 0.001), and comblnation therapy was more af-
tective than menotherapy (P < 0.05). In all of the
abave studies, the incldance of edema was greater
with CCB monctherapy and was reduced with the
addition of an ACH,

In another study, Chrysant et al. (17} random-
tzed 93 patients with stage 3 4 essentlal hyper-

tension to fixed combinations af enalapril/diiti-
azem-ER 5/120 and 6/180 mg/day and followed
them for 12 weeks. Both drug combinations pro-
duced similar reductions in SSBP and SDBP of -
15.0/14.5 mmHg (P < 0.001). This study was ex-
tendad into a 40-week; open-label extension
phase whare other drugs were addad for bettor BF
control. With the addition of other drugs, the SSBP
and SDBP were decrsased by 27.0 and 15.0
mmHg, respectivety, from baseling (P <0.001).

In a study by Fogar st al. (14}, 130 patients
with stage 1 2 hypertension (SBP/DBP of 181/88
mmHg) were treated with amiodipine 10 mg/day.
valsartan 160 mg/day or their combination and
ware followed for 8 weeks. Amicdlpine and valsar-
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" Fig.2 The parcentags of patients achieving BP control (= 140/90 mmHg) with monotherapy (A) or combination therg-
py (B). PL, placabo; AB, amiodipine besylata; OM, olmesartan medoxomil, Adapted with parmission from Tabls il of
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Amiodipine/ARB fixed-dose combinations

Table Iit: Most common natmant-related adverse events {=3%)

PL aAB an OM _OM_ OM AB/OM AB/OM ABIOM ABVOM ABOM AB/OM
TEAE (%) 0 5 10 0 20 40 510 w20 ss0 10110 020 10/40
Dizziness 56 31 25 a1 52 4p 13 52 4.3 37 a1 ar
Edema 126 130 368 143 09 185 209 180 185 265 258 235
Fatlgue 87 31 18 43 18 18 1a a1 49 12 88 19
Haadache 142 81 48 58 87 e 24 56 ar 62 68 5§
Hypertension 80 25 12 43 50 37 g 1.9 12 08 06 )
Intections 80 1.2 117 83 99 68 93 g7 05 111 75 74
Muscuioskeletel 83 83 92 g9 7s 88 74 08 a0 37 18 g9
SAE 19 0 066 06 25 06 o8 12 12 1.2 18 a9
o) ~ 130 &2 81 a4 106 62 ¢ 25 a7 68 19 55
TEAE,

lodipine besyiate; OM, olmesartan

tan monotheragy reduced SBP/DBP by 14.5M12.8
and 16.810.2 mmHy from b . i

(P < 0.01). As In tha other studies, combination
therapy was more effective than monothe

(P < 0.001), reducing SBP/DBP by 22.9/16.8
mmHg from baselina (Table Il). tn this study, in
which ieg edema was the main oblective, combi-
nation therapy resutted in a significant reduction of
pedal edema compared to amiodipine moncthera-
pY (P < 0.001),

Discussion

The incldence of hypertension continuas to risa
in the U.S., occurring In 30% of the Population ac-
cortding to the latest National Heatth and Nutrlition
Examination Survey (1). However, BP control. to
< 140/90mmHg,asrammandadbyﬂmJNC-7
{2), remgins low at 36.8% (1). The reasons for tha
low controt of BP are muitipie, but the most impor-
tant is the lack of agpressive treatment of hyper-
tension by physicians (24, 25). The JNC-7 has rec-
ommended that when SBP/DBP is 20/10 mmHg
above targat, treabment with a two-drug combinas
tion therapy should be begun (26). Such combina-

tions shouid include drugs with complementary

mechanisms of action. This allows for the uge of
lowsr doses of the component drugs, resulting in
belter BP control and avoiding the side efiects of
the higher doses of a single drug for a similar con-
trol of BP (see Fig. 1). Fixed-doge combinations
have the additional advantage of lowering tha cost
of patient care, since the price of the combined
drug preparation s tha same as one of the com-
ponent drugs and, in addition, decrease patient

Bnt adverse avents; SAE, serious adverss gvants; D/C, discontinuations; PL, placaba; AB, am-
madoxomil

titration visits o the doctor and increase patiant
compiiance {6, 8),

Good BP control s vary important, as  large
meta-anelysis of one mitlion hypertansive patients
showed that a 2-mmHg reduction of SBF was as-
sociated with a 7% and 10% rigk reduction for car-
diovascular and- stroke deaths, respectively (26).
The combination of olmesartan medoxomil with
amiadipine besylate was vary effective in iowering
both sysivikc and diastoiic BP gng achiaving targat
BPkevelaMaphmtalsnmyh 1,840 patients with
stage 1 and 2 hypertension (21), as shown In Table
Il and Figure 2, and wag wel tolerated, The only
side effect of chinical importance was leg edema,
which was highar with the highet dose of amiodip-
ine and wis significantty decreased with the addi-
tion of high-doss oimesartan, as shown in Table il.
The Incidence of edema in this studly was higher
than in other studies of treatment with CCBs, alone
and In combination with other ARBs or ACEls
{10 14, 1B 20). The higher incidence of leg ede-
malnlrﬁssmdywaammtlikdyduetomfactcrs:
the higher incidence of obeslty in this study, where

- the pragence of edema ia mora difficult to discam,
and the greater awareness of investigators, since
the Incidence of edema was one of the cbjactives
ot the study. However, the incidence of leg edema
was similar %o or even lower than that reported by
Fogart et &l (14), where the incidence of edema
was the main objective of the study. It appears that
whan the incidenca of ademe with dihydropyriding
CCBs is not specificaly mandated by the study
protocol, s incdence is underestimatad.
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The major finding of this study was the signifi-
cant de:rease of BP with the addition of olmesar-
tan 40 ryg to amiadiping 10 mg/day (21). This de-
crease was greater than that associated with the
addition of equivalant doses of valsartan to the
same dose of amiodipine (14, 20), but since no
head-to-1ead comparisons were performed, supe-
riority ca not be claimed. However, oimesartan is
a potent antihypertensive agent and, in companr-
son with equivalen! doses of losartan, valsartan
and Irbesartan, provided greater BP raduction than
the ather ARBs according to both office and am-
bulatory E P measurements (27).

Baside's their potent antihypertensive effects,

CCBs and ARBs have shown benefits beyond B8P .

controf fn the reduction of cardiovascular and
stroke rigk and the onset of naw diabetas {27 37.
The benefizial effects of CCBs an stroke reduction
are possiby attributed to stimulation of renin e-
laase leading to higher Ang II levels {37), and
those of the: ARBS could be dus to thelr dual effect
in the brain, blockng the action of Ang !l at the AT,
rfeceptor ksvel and at the same time sflowing Ang |
to stimulata the unoccupied AT, receptors, causing
Iocal vasodiiatation and preventing the axtension
of stroke (32 38). Additional heneficial effects of
ARBs on stoke prevention could be generated
fron their p elotropic effects, Le., their abllity to
prevent platelet adhesion and atrial fibrilation (39).

The date presented in this review strengly ndl-
cate that the 'ixed-dose combination of amiodipine
besylate with olmesartan medoxomi| In-very affec.
tive in jowering BP regardiess of aga, Eex or race,
1 Is also safe and weil tolerated. Due to its signifi-
cant artihype tensive effects and metabaolic nay-
trality, this foxrd-dose drug combination could be
particuiarty usiful for the trestment of high-riek hy-
pertensive patents, such as the aiderly, black pa-
tients, diabete patients and those with the
metabofic syndrome.
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ABSTRACT

Background: Eypertension guidelines recommend
the use of 2 agents having complementary mechanisms
of action when >: agent is needed to achjeve blood
pressure (BP) goal.

Objective: The in'm of this study was to compare
the efficacy and toierability of combinations of olme-
sartan medoxomil {OM) and amlodipine besylate with
those of the component monotherapies in patienrs
with mild to severelhypertension.

Methods: This was 2 mulrcenter, randomized, double-
blind, p]accbo-contn!:llcd, facrorial study. Patients who
WEre naive to an:ih)‘l'pertmsive therapy or who under-

went.a washout of previous andhypertensive therapy for
up to 2 weeks and hzd a seated diastolic BP (5eDBP} of
95 to 120 mm Hg were randomized to receive 1 of the
following for 8 weeks' OM 10, 20, or 40 mg; amlodipine
-(AML) 5 or 10 mg; cach possible combination of OM
and AML; or placebc‘. The primary end point was the
change from baseline |n SeDBP at week 8, with secand-
ary end points includ'ng the change in seared syswlic
blood pressure (SeSBP), the proportion of patents reach-
ing the BP goal (<140/90 mm Hg; <130/80 mm Hg for
patients with diabcte:!), and the proportons of the
Intennon-to-treat popu ation reaching BP thresholds of
<120/80, <13(¥80, <1385, and <140/90 mm Hg. Safety
and tolerability were also eval vated, with a particular

focus on the incidence and severity of edema.

Results: Of the 1940 randomized patients, 54.3% -

were male. The meanllagc of the study populadon
was 54.0 years and 19.8% were aged 265 years, The
mean bascline BP was 164/102 mm Hg, and 79.3%
of patients had stage 2 hypertension. Combination
therapy with OM and AML was associated with dose-
dependent reductions in‘I SeDBP (from -13.8 mm Hg

with OM/AML 10/§ mg to0 -19.0 mm Hg with OM/
AML 40/10 mg) and SeSBP {from ~23.6 mm Hg with
OM/AML 20/5 mg to ~30.1 mm Hg with OM/AML
40/10 mg) that were significantly greater than the re-
ductions with the corresponding component mono-
therapies (P < 0.001). At week 8, the number of pa-
tients achieving the BP goal ranged from 57 of 163
{35.0%) to 84 of 158 ($3.2%) in the combinarion- -
therapy groups, from 32 of 160 (20.0%) to 58 of 160
(36.3%) in the OM monotherapy groups, and from
34 0f 161 (21.1%) o 53 of 163 (32.5%) in the AML
monotherapy groups (P < 0.005, combination thera-
pies vs component monotherapies}, compared with 14
of 160 (8.8%) in the placebo group. Achievement of
the BP thresholds . was highest in the combination-
therapy groups, with 56.3% and 54.0% of -.patents
achieving a BP <140/90 mm Hg with OM/AML 20710
and 40/10 mg, respectively, Combination therapy was
generally well tolerated, and no unexpected safety
concerns emerged in the course of the study. The most
common adverse events were edema (ranging from
9.9% [OM 20 mg] t0 36.8% [AML 10 mg], compared
with 12.3% with placebo) and headache {ranging from
2.5% [OM/AML 10/5 mg} to 8.7% [OM 20 mg), com-
pared with 14.2% with placebo).

Conclusion: The combination of OM and AML
was effective and well tolerated in this aduit popu-
lation with hypertension. (Clinn Ther. 2008;30:587-
604) © 2008 Excerpra Medica Inc.

Acceperd for publication February 26, 2008,

Express Track online publication April 7, 2008.
doi:10.1016/; clinthera.2008.04.002
0149-2918/532.00

© 2008 Excerpra Medica inc. All rights reserved.
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INTRODUCTION _

According to data fiom the most recent National Health
and Nutrition Exarnination Survey (2003-2004),! the
age-adjusred prevalence of hypertension in the US
populartion is 30% dnd increasing. Although improved

from the previous sarvey (2001-2002), actainment of

blood pressure (BP)/cantrol (BP <140/90 mm Hg) re-
mains low (36.8 "/o).‘l' The increased prevalence of hy-
pertension appeared to be driven by a disproportion-
are increase in preva.ence and poor BP control among
women? and Mcxicap Americans.! A meta-analysis of
61 prospective, obse;vational studies enrolling a total
of 1 million adults irdicated that for every 2-mm Hg
decrease in systolic EP {SBP), there was a 7% reduc-
tion in the risk of cardiovascular mortality and 2 10%
reduction in the risk Iof stroke mortality.3 Moreover,
tt has been estimated that controlling BP ro the levels
recommended in current guidelines wounld prevent
370,000 coronary evints in men and 150,000 coro-
nary events in womenlover 10 years.

One of the main rc‘lasons for poor BP control has
been the reluctance of physicians to intensify antihy-
pertensive therapy in patients who have not reached
their BP goal.* Large trials have found thar BP goals
can be achieved in mast patients with hypertension;
however, the majority ¢ f patients will require 22 anti-
hypertensive agents. &9 Both US and European guide-
lines recommend that Physicians consider starting
therapy with 2 agents ir, patients who are ar high car-
diovascular risk or who have a BP >20/10 mm Hg
above goal.' %12 The Seventh Reporr of the Joint Na-
tional Comrnittec. on Pievention, Detection, Evalua-
tion, and Treatment of High Blood Pressure!! (JNC 7)
recommends that drug combinarons be used, if indi-
cated, as initial therapy fir most patients with stage 2
hypertension (SBP 2160 ram Hg or diastolic BP [DBP)
2100 mm Hg) to accelerale achieverment of BP targets,
as well as to avoid muIdeIc‘ drug-titration steps and
multipie patient visits, :

When contemplating combination therapy, the use
of andhypcrtensivc.agem-‘s having different mecha-
nisms of action may augment overall BP-lowering ef-
fects.!! Furthermare, the icuons of one agent may
ameliorate the adversc effeqts of another. For example,
dihydropyridine calcium ctannel blockers (CCBs) are

potent vasodilators and are inminsically narriuretic,
inducing a state of negative sodium balance!? and lead-
ing to stimulation of the rerin—angiotensin-aldosterone
system (RAAS); on the other hand, drugs such as
angiotensin-receptor blockers {ARBs) and angiotensin-
converting enzyme (ACE) inhibitors block the RAAS
and, when used in combinarion with 2 CCB, reinforce
the antihypertensive effects of the CCR. 14 Peripheral
edema, one of the adverse ¢vents most commonly as-
sociated with dihydropyridine CCBs, is likely to result
from preferential arteriolar vasodilatation and an in-
crease in the pressure gradient berween the arteriolar
and venular capillaries, leading to exudation of incer-
satial fluid.15.16 This effect may be ameliorated by
concomitant administration of ARBs or ACE inhibi-
tars, which Jower precapillary resistance, normalize
intracapillary pressure, and reduce fuid exudation. 1518

Among newer antihypertensive combinations to
become available are fixed-dose combinations of an
ARB and a dihydropyridine CCB. The combination of
olmesartan medoxomil (OM) and amlodipine is indj-
cated for use when initial reatments are meffective in
achieving the BP goal, Combination therapies are of-.
ten evaluated in studies having a factorial design, in
which each dose of monotherapy is compared with
each possible combination of these doses. This allows
comparison of the efficacy of the combinarion with
that of the individual monotherapy components, with
the monotherapies compared with placebo for inter-
nal validiry, 17 S

The Combination: of Olmesartan’ Médoxomil and
Amlodipine Besylate in Controlling High Blood Pres-
sure (COACH) study was an 8-week factorial study
with the objective of assessing the anthypertensive
efficacy of the combination of OM and amlodipine
(AML) at various doses compared with the respecrive
monotherapy components in patients with mild to
severe hypertension. Another objective was to evalu-
ate che safety profile of the combinarions relative to
monotherapy, with a particular focus on the incidence
and severity of edema, '

PATIENTS AND METHODS
Study Popuiation

Study participants were recruited from patients pre-
senting to the research sites (primary care practices,
specialist pracrices, hospimals, or research centers).
Padents were eligible for randomization if they were
aged 218 years, had a mean seated DBP (SeDBP) of

- Volima 30 a4
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75 t0 120 mm, Hg at both the visit before randormiza-
tion and the r: ndomization visit, and had a difference
of £10 mm Hy; between the 2 mean SeDBP measure-
ments. Patient; with a history of cardiovascular dis-
. ease or uncontiolled diabetes or who smoked »1 pack
of cigarcttes pe* day were excluded. Patients also were
excluded if thiy had an SeDBP »120 mm Hg, had
laboratory valules or systemic disease considered clini-
cally significant' by the investigator, or weére taking any
medication that could interfere with the objectives of
the study. :
Study Design :

This was an, 8-week, randomized, double-blind,
factorial study conducred at 172 clinical sites in the
United States. Thlc study was conducted in accordance
with institutiona| review board {IRB) regularions, the
Declaration of Helsinki, and good clinical practice
guidelines. All patiemts provided written informed
consent at screcning. All medications were provided to
patents free of clarge; patients were compensated for
wavel expenses and time, as approved by the IRB, bur
teceived no otherlcompensati_on. : =

After the screening visit, eligible patients who had
not been taking anfihypertensive medications for at least
2 wecks before screening were immediately random-
ized to receive 1 bf the following for 8 weeks: OM
monatherapy {10,120, or 40 mg), AML monotherapy
{5 or 10 mg), combination therapy {including all pos-
sible combinations! of the monotherapy doses of OM
and AML), or plactbo, Patients who were taking ant-
hypertensive medichtions ar the screening visit entered
a washout phase of up 10 2 weeks, during which all
antthypertensive midications were withdrawn. If pa-
tients met the criteria for inclusion after withdrawal
of antihypertcnsivclmedications, they were random-
ized to 1 of the 12 groups. Randomization was ac-
-complished by assig:lling cach patient a unique 4-digit
number via an interzctive voice-response system.

Patents were given 2 weeks' worth of medication

at each visit and wer instrucred to take their medica-
ton at the same dme each day (+2 hours), except on
the day of a visit. Cliyic visis were scheduled for 2,4,
6, and 8 weeks after randomization, Patients who did
not return for a scheduled clinic visit received tele-
phone and mail follovy-ups, including cerrified letrers.
The case-report forms|of all patienes who were lost to
follow-up were revicwed to ensure that the withdraw-
al was not the result of an adverse event.
I
-
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Patients with an SeDBP 120 mm Hg or a seated
systolic BP (SeSBP) <90 mm Hg atany dme during the
study (including the washout phase) were removed at
that time, and their original antihypertensive regimen
was reinstituted or appropriate therapy initiated. The
maximum allowable SeSBP was left to che discrerion
of the investigaror, Efficacy and safery were evaluated
after 2, 4, 6, and 8 weeks of blinded treatment.

A physical examination was performed at screen-
ing, and vital signs, including BP and hearr rate, were
obtained ac all scheduled visits. A 12-lead electrocar-
diogram was performed at screening, randomization,
and week 8, and was analyzed by eResearch Technolo-
gy (Philadelphia, Pennsylvania). BP was measured using
a validated automated BP-monitoring device (Model
HEM-705CP, Omron Healthcare, Inc., Bannockburn,
Ulinois) with a cuff of an appropriate size. After rthe
patient had rested for § minutes, 3 separate seated BP
{SeBP) measurements were obtained at least 1 minute
apart,’and the mean of the 3 measurements was
recorded. '

Standardization across investigator sites was main-
tained through establishment of 2 demiled clinical pro-
tocol and through monitoring for adherence to the pro-
tocol by Medpace Inc., Cincinnati, Chio.

Efficacy Variables

The primary efficacy variable was the change from ~
baseline in mean SeDBP ar week 8, using last-observation-
carried-forward (LOCF) methodology for patients who -
did not complete the study protocol. Secondary effi-
cacy varables included the change from baseline in
mean SeSBP at week 8 (LOCF); the mean change from
baseline in SeDBP and SeSBP at weeks 2, 4, 6, and 8
without LOCF; and the proportion of patients achiev-
ing the [NC 7-recommended BP goal (<140/90 mm
Hg; <130/80 mm Hg for patients with diabetes!!} ar
weeks 2, 4, 6, and 8 without LOCF and at week 8
with LOCE In addidon, the proportions of patients in
the intention-to-treat (ITT) population {including those
with diabetes) achieving BP thresholds of <120/80,
<130/80, <130/85, and <140/90 mm Hg at week 8
{(LOCF) was examined.

Safety Assessments and Evaluation of Edema
Safery was monitored by assessing the incidence of
adverse events at each visic and by pecforming labora-
tory tests (standard serum chemistry and hematology
panel, and dipstick urinalysis [with microscopy when

P . Moo RIS 1‘
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results were abnormal]) at the randomization visit
and at week 8, Liboratory tests were conducred at a
single certified central laboratory (Pharmaceutical
Product Development Global Central Laboratory,
Highland Heights, Kenrucky), which used flow cy-
tometry for hcmam‘ltology variables (Coulter SKTS or
LH 750, Beckman Coulter Inc., Fullerton, California),
spectrophotometry| for chemistry variables (Hitachj
747 [Hitachi Higli: Technologies America Inc., San
Jose, California] of; Roche Modular Analyzer [Roche
Diagnostics Corp., Indianapolis, Indiana]}, high-
performance liquidichromatography for glycosylated
. hemoglobin (Tosoh 2.2 Plus, Tosoh Bioscience Inc.,
South San Franciscol, California), and reflectance pho-
tometry for urinalysis (Atlas Urine Chemistry Ana-
lyzer, Siemens Healthcare Diagnostics Inc., Tarryrown,
New York). Tests plerfonncd on different analyzers
were extensively cross-validated for comparability.
Investigators received the resuits and evaluared the
clinical significance of findings that were outside the
laboratory’s rcfcrcnc‘c ranges while sull blinded to
pauents’ treagment allocation.

An adverse event vas defined as any untoward oc-
currence in study sutl'jec:s from the time they signed
the infocmed-consent ‘form unril 14 days after the last
intake of study medic:lltion. All adverse events, wheth-
er detected by the invastigator or reported by the pa-
tent, were recorded oi the case-report form, with rhe
date of occurrence, tirae of onset, duratien, likely re-
lationship ro study an:dication, action taken, patient
outcome, and ‘whether the event mer US Food and
Drug Administration |

criteria for a serious adverse
event. A treatment-emergent adverse event (TEAE) was
defined as any event dxuning after the first dose of
randomized treatment' or thar occurred before the
randomized-treatment I‘)hase but worsened afrer ran-
domization. The likelihbod of an adverse event being
related ro study medication was assessed by investiga-
tors as either definitely retared {TEAE follows a rea-
sonable temporal sequence from study-product ad-
munistration, abates on 'discontinuation of the study
produet, and is confirmed by reappearance of the re-
acrion on repeat exposure [rechallenge]); probably re-
lated (TEAE follows a réasonable temporal sequence
from study-product admi'nistration, abates on discon-
dnuation of the study prc'duct, and cannor reasonably
be explained by the known characteristics of the pa-
tient’s clinical state); possibly refated (TEAE follows a
reasonable temporal sequitnce from study-product ad-

ministration and could have been produced by the
parient’s state or by other types of therapy adminis-
tered o the patient); unlikely to be relared (the tempo-
ral relationship berween the TEAE and study-product
administration is such that the drug is not likely to
have had any reasonable association with the observed
event and could have been produced by the patient’s
clinical condition or by other types of therapy admin-
istered to the patient); or unrelgred {TEAE is definitely
produced by the patient’s clinjcal condition or by
other types of therapy adminisrered to the patient and
does not follow a temporal sequence from study-
product administration). :

If the investigator found that the assigned study
medication was not efficacious (ie, BP was not con-
trolled or worsened during the randomized-treatment
phase), she or he was required to report this as an
adverse event. The terms used for this reporting could
include bypertension, systolic hypertension, diastolic
hypertension, accelerated bypertension, blood pres-
sure increased, diastolic blood pressure increased, and
blood pressure inadequately congrolled. As noted ear-
lier, patients with an SeDBP >120 mm Hg were re- -
moved from the trial.

The occurrence and scverity of peripheral edema
were assessed at all scheduled clinic visits, If peripher-
al edema (including the terms edema; edema, periph-
eral; pitting edema; generalized edema; and localized
edema) was present, the investigators rated its severity
On a case-report form using the following S-point scale:
0 = no edema; 1 = miid pitting edema’siight indenta- -
ton; 2 = moderate pitting edema/moderate indenta-
tion; 3 = deep pirting edema/indentation remains; and
4 2 leg remains swollen. When ag increase in edema
category occurred after randomizarion, investigarors
were encouraged to report this as an adverse event.
The methods used w0 evaluate peripheral edema were
not validated but were consistent with those used in
clinical practice.

 Statistical Analysis

It was estimated that 158 patients per treatment
group would be needed (roral populartion, 1894) to
detect a 3~-mm Hg difference in DEP between mono-
therapy and combination therapy with 80% power at
a 1-sided level of P < 0.01, assuming a common 5D
of 7.5 mm Hg. To achieve even distribution among
trearment groups, the randomization process includ-
ed stratification facrors for age group (265 years,




<65 years) and diabedc status. Approximately 20% of

randomized patizsnts were to be aged 265 years.

ITT analysis was used for the efficacy evaluations
and included all! padents who took 21 dose of ran-
domized, double;blind study medication, had a base-
line BP measure:nent, and had 21 BP measurement
after taking randomized, double-blind study medica-
uon. The populadon for the safety assessments con-
sisted of all patients who taok 21 dose of randomized,
double-blind stucy medication, including both active
rreatment and placebo,

Baseline characterisdes that were continuous vari-
ables were summarized vsing mean (SD), and caregori-
cal variables were summarized using frequency counts
and percentages. Lifferences berween reatment groups
in baseline demographic characreristics were evaluar-
ed using an analys s-of-variance model for continuous
variables and a x2itest for categorical variables.

Hommel’s pmcl‘:dmu:m was. used to adjust P values
for testing the null hypotheses that there would be no
difference betweer. the 6 combination-therapy regi-
mens and their re:pective monotherapy components
in the change from baseline in SeDBP ar week 8,
LOCF (primary), ind the change from baseline in
SeSBP at week 8, 1.OCF (secondary), and to control
the overall 1-sided type I error rate at 0.025. One-
sided P values for'testing the null hypotheses were
obtained from an ¢ nalysis-of-covariance (ANCOVA)
model with fixed cffects for treatment group, dia-
betic status (with or without diaberes), and age group
(265 years or <65 ytars), and baseline BP as a covari-
ate, The least squares mean (LSM) and corresponding
SE and 2-sided 95% Cl, as well as the differences in
LSM, SE, and 2-sided 95% CI, were derived for con-
tinuocus end-point valriab]es from the ANCOVA mod-
el. The ANCOVA model was also used to compare
each monotherapy with placebo, For categorical vari-
ables (eg, the proporton of patients achieving the BP
goal at weeks 2, 4, 6, and 8), a 72 test was used to test
for significant differences between treatment groups.
Other caregorical variables (proportion of patients
achieving BP thresho’ds) were summarized using fre-
quency counts and percentages (statistical comparisons
were not performed), |

The study was no: powered to deteer differences
in the incidence of adverse evenrs between treat-
ment groups. However, when an apparcent difference
was identified in the iacidence of edema between the
amlodipine 1Q-mg m‘anothcrapy and combination-

|
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therapy groups, the incidences were compared retro-
spectively using the Fisher exact test. In addirtion, a
post hoc Cochran-Armitage trend analysis?! was un-
dertaken o evaluate whether the differential edema
rates were dose related.,

RESULTS
Study Population ,
Of 4234 patients who entered the washout phase,
1540 were randomized and 1689 completed the study
(Figure 1). The most common reasons for withdraw-"
al during the randomized-treatment phase were ad-
verse events (114 patients), including lack of efficacy
(43 patients). The mean number of patients enrolled
at each site was 13, ‘
Among the 1940 randomized patients, 1054
(54.3%) were male, 1385 (71.4%) were white, and

- 481 (24.8%) were black. The mean age of random-

ized patients was 54.0 years, and the mean baseline '
SeBP was 164/102 mm Hg. At baseline, 1538 patients

+ (79.3%) had stage 2 hypertension (SBP 2160 mm Hg
or DBP 2100 mm Hg). Three hundred cighry-four
patientss {19.8%) were aged 265 years, 261 (13.5%)
had diaberes, 1254 (64.6%) were ove}wcight or obese
(body mass index 230 kg/m?), and 1274 (65.7%) had
been receiving antihyperrensive therapy, There were
no staustically significant differences in demographic
-or other baseline characteristics berween treatment
groups {Table I).

At baseline, 264 of the 1940 randomized patients
(13.6%) had periphera! edema. Edema was graded as
mild in 215 patients {11.1%), moderate in 38 (2.0%),
and deep pitting edema with minor leg swelling in 11
{0.6%). No patient had deep piting edemna with ma-
jor leg swelling at baseline.

Efficacy )

All active treatments and placebo were associated
with significant reductions in SeDBP from baseline
(£ < 0:001), with the greatest reducrions occurring in the
groups thar received combinadon therapy (Figure 2).
Combination therapy was associated with dose-related
changes in mean (SD) SeDBP ar week 8 that ranged
from ~13.8 (7.48) mm Hg with OM/AML 10/5 mg to
-19.0 (8.90) mm Hg with OM/AML 40/10 mg. For
monotherapy, the changes in SeDBP were -8.3 (9.28),
-5.2 (2.73), and ~10.2:(10.69) mm Hg with OM 10,
20, and 40 mg, respectively; -9.4 (8.25} and -12.7
(8.25) mm Hg with AML § and 10 mg, respectively;
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| Entered washout phase

i (N = 4234)
; [

i Discontinued (n = 2294)

! Inclusion eriteria not met/exclusion criceria met at
randomizarion visit (1798}

Patient's request (254)

Investigator's judgment (78}

.
Randormized
| (m = 1940}

L

|

Adverse events (62)

Lost 1o follow-up (45)

Met scudy withdrawal criteria (1)
Other reasons (56)

Discontinued (n - 251)
Adverse events (114), including lack of efficacy (43)
Patient’s request (43)
Lost co follow-up (37)

Compieted 8 weeks of therapy
in = 1689)

Figure 1. Patient disposition.

Met study withdrawal criteria (8)

Took restricted medicarions (7)
Investigator-initiated discontinuation (6)
Cther reasons {36}~

and -3.1 (10.67) mrln Hg for placebo (Table I). All
5¢DBP reductions in the combination-therapy groups
were significandy prediter than those in the correspond-
ing manotherapy grops (P < 0.001) (Table ).

The changes in mean SeSBP at week 8 followed a
similar pattern to the changes in mean SeDBP, with
significant reduction; from baseline in all active-
treatment groups (P - 0.001} and the placebo group
(P = 0.024). The con'.ibinarions were associated with
dose-dependent mear: (SD) changes ranging from
~24.2 (13.96) mm Hg with OM/AML 10/S mg to
-30.1 (15.91) mm Hg with OM/AML 40/10 mg
(Table I). For monotherapy, the mean changes in
SeSBP were -11.5 (15123), ~13.8 {15.90), and -16.1
(16.58) mm Hg with OM 10, 20, and 40 mg, respec-
uvely; =14.9 (14.95) aad -19.7 (16.52) mm Hg with
AML § mg and 10 mg, respecrively; and ~4.8 (18.70)

mm Hg with placebo. The mean reductions in SeSEP -

were significantly greater for all combination-therapy
groups than for the canponeat monotherapy groups
(P < 0.001). The LSM (SE} changes in SeSBP are sum-
marized in Table I In : Il active-treatment groups, the

0
greatest mean reduction in SeBP occurred berween

sop R

baseline and week 2. The reductions in SeDBP and
5eSBP plateaued by week 4 and were mainrained across
all weatment groups, but with no further marked
reductions.

The BP goal (<140/90 mm Hg; <130/80 mm Hg for
patients with diabetes) was achieved by week 8 (LOCEF)
in 20.0% to 36.3% of patients receiving OM mono-
therapy (10 and 40 mg, respectively) and 21.1% to
32.3% of patients receiving AML monotherapy (5 and
10 mg, respectively), compared with 8.8% of patents in
the placebo group (Table I). Rates of goal achievement
at week 8 (LOCF) were greatest in the combination-
therapy arms, ranging from 35.0% with OM/AML
10/5 mg to 53.2% with OM/AML 20/10 mg,. Differ-
ences in rates of achievement.of the BP goal becween
mweaiment groups were staustically significant ar all
time points (P < 0.001) and were consistently higher
with combination therapy than with the component
monotherapies (P < 0.005) (Table I},

The proportions of patients achieving the pre-
defined BP thresholds at week 8 (LOCF) reflected a
similar pattern; overall, the proportion of patients
achieving cach threshold was highest in the groups.
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— 0wy “4Umg " Smg 710:1g 10/5 mg 20/5 mg  40/5 mg 10710 mg 20/10 mg 40/10 mg Placebo
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i

TVariable 7(;{: 161) (n = 161) (n~162) (n - 161) (n = 163) (n = 163) (n = 161) (n~162) (n=162) (n=160) (n=162) (n=182)

Age.mean (SD),y 538 s34 53 534 Sl 8370 sa3 537 43 sas sa1 547
(M0 (08 (06 (4 0e (18 (09 M3) 08 (16 (22 (09

Sex, no. (%) ) :
Mate 87 20 82 87 . 98 84 83 97 94 71 88 93 H
(540)  (s59). (s0.6) (54.0)  (60.1) BL5)  (516) (599  (580) (4 (543) (574 -

Female 74 71 80 74 65 79 78 65 68 89 74 69 i

(46.0) (44.1) (49.4) (46.0) (39.9) (48.5) (48.4) (40.1) (42.0) (55.6) (45.7) (42.6)
Race,* no. (%) ’

White 19 118 m n3 120 2 m ns 13 107 123 114
39 (73.3)  (85) (702 (36 (742) (689 (710) (698) (66.9) ° 759 (704) |
Black 32 36 44 42 “39 34 43 40 44 47 as 45 :
(19.9)  (22.9) (27.2) (261)  (23.9) (20.9)  (26.7) (24.7) (27.2) (29.4) (21.6) (27.8) ’
Other! 10(62) 8(5.0) 7 43 7@3) s (31 101y 9 (56) 743) & 3.7) 6(338) 6(37) 3 (1.9) i
Echnicity, na. % : I
Hispanic #3(143) 23 143) 23 (14.2) 20 (12.4) 20(12.3) 21 (129) 21(13.0) 20 (123) 16(9.9) 25(156) 20 (12.3) 13 (8.0)
Weight, kg .
Mean (SD) 95.5 95.4 943 95.8 96.2 94.3 95.6 934 95.9 94.1 94.6 96.3 i
223 (220) (219 (215 (@i (210 21 (200)  (228) (224 @41 (226)
Range 52-173  45-175  43-188 45-172  48-172  45-151 51171 S4-174 55-185 §7-147  46-172 52-181 f
Body mass index, 335 329 336 340 333 333 34.0 335 33.2 33.9 33.2 33.9 :
mean (SO}, kg/m? (6.8) (6.8) (6.9) (7.8) (7.4) (6.5) (7.2) (6.4) (7.0 (72 (73) (7.6) [,

Diabetes, no. (%) 20 22 22 22 23 23 22 . 18 20 22 24 23
: (24 37y (36 (13.7) 47) 4y @37 auy gz (138) (48 (42
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- Olmesartan Amlodipine Olmesartan/Amlodipine .
—_ e — ; . —_—
10mg 20mg 40 mg  Smg W0mg 10/5mg 20/5 mg 40/5 mg 10/10 mg 20710 mg 40/10 mg  Placebo
Variable (n=161) (n=161) (n=162) (n=161) (h = 163) (n=163) (n= 161) (n=162) (n= 162) (n=160) (n= 162) (n = 162)
Previously treaced 101 108 109 106 102 nus - 102 100 108 104 109 10
for hypertension, (62.7) (67.1) (67.3)  (65.8) (62.6)  (70.6) (63.4)  (61.7) (66.7) (65.0) (67.3) (67.9)
no. (%)
Seated blood )
pressure, mean
(D), mm Hg
SeSBP 162.9 1641 162.8 162.6 163.5 165.5 163.8 161.7 162.5 164.1 165.7 166.5)
(16.7) (16.5)  (15.7) (12.2) (15.9) (156)  (14.9) (14.8) (15.6) (14.9) (16.7) (17.6)
SeDBP 101.8 101.5 101.2 101.5 101.6 102.1 101.7 100.9 1014 101.2 102.4 102.3
(5.9) (4.6) (5.1) (5.2 (4.8) (5.4) (5.1) (4.8) (5.5) “4.7) (5.8) (4.8)
Edema present, 19 20 32 18 22 20 29 17 24 18 25 20
no. (%) (1.8) (2.4 (12.8) (1.2 (13.5) (12.3)  (18.0) (10.5) {14.8) (11.3) (15.4) (12.3)
_— —
SeSBP - seated systolic blood pressure; SeDBP - seated diastolic blood pressure.
"Race and ethnicity were Separate questions. Patients could choose >1 race, so total of numbers may exceed 100%.
36).

| Other included Asian (n = 36), Native American/Alaskan (n = 11), Native Hawaiian/Pacific Islander (n = 1), and other race not defined {n-
N
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Figure 2. Least squares mean (SE) reduction from baseline in seated diastolic biood pressure (SeDBP)
P) after 8 weeks of treatment with olmesartan medoxomil
(last observarion carried forward), *P < 0.001 versus
¢ same dosage, :
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receiving OM/AML 20/10 mg or 40/10 mg (Figure 3).
The proportions of all paticnts (including those with -
diabetes) achieving “he BP threshold of <140/90 mm Hg
with the highest doses of monotherapy and combi-
nation therapy were 38.1% for OM 40 mg, 35.0%
for AML 10 mg, and 54.0% for OM/AML 40/10 mg,
compared with 10.0% for placebo. Similarly, the pro-
portions of patients achieving the BP threshold of
<130/80 mm Hg wire 13.8% for OM 40 mg, 7.4%
for AML 10 mg, 23.0% for OM/AML 40/10 mg, and
2.5% for placebo. In addition, 77.6% of patients receiv-
ing OM/AML 40/10 rlwng achieved an SeDBP <90 mm Hg,
compared with 18.19; of those receiving placebo.

|

Safety and Tolerability
One thousand :wenllry patients (52.6%
an adverse event duling treatment, with ap overall
incidence of 45.3% 10 58.9% across active-trearment
groups and 56.2% fcjr placebo (Table Iv). Approxi-
mately haif of chese aaverse events were considered by
the investigator to be definitely, probably, or possibly

|

) experienced

related to study medication. Five hundred twenty-one
patients (26.9%) experienced a drug-relared TEAE,
with an incidence of 19.6% to 33.1% across active-
treatment groups and 29.6% for placebo. There were
no apparent differences in the overall incidence of
TEAEs across trearment groups, and the majority of
adverse events were considered mild in severiry,
Edema was the most common TEAE, occurring in
385 of 1940 patients (19.8%) (Table TV). The fre-
quency of edema was Breatest among patients receiv-
ing AML 10-mg monotherapy (60/163 [36.8%]). The
frequency of edema was lower in the groups in which
AML 10 mg was combined with OM 10 mg (43/162
[26.5%)), 20 mg (41/160 [25.6%]), or 40 mg (38/162
[23.5%]), reaching staristical significance relatve to
AML 10 mg in the groups thar received OM/AML
20/10 mg (P = 0.032) and 40710 mg (P = 0.011). The
frequency of edema was lowesr in the OM mono-
therapy groups (10 mg: 23/161 [14.3%); 20 mg; 16/161
(9.9%]); 40 mg: 30/162 [18.5%]), the AML 5-mg
monotherapy group {21/161 [13.0%)), and the pla-

L ses
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Table Il. Cha'nge in seated diastolic blood pressure (SeDBP) and seated systolic blood pressure (SeSBP) from

basuline to week 8 in the intention-to-trear pPopulation (last observation carried forward).

Change in SeDBP, mm Hg

Change in SeSBP, mm Hg

E No. of =

' Group © ' Patients Mean (SD) LS Mean (SE) Mean (SD) L5 Mean (SE)

' I - —

’ Olmesartan

i 10 mg 160 -8.3 (9.28)* 88(0.75)* 115015230 109 (1.24)%

20 mg . 159 -9.2 (9.73)* -8.9 (0.75)*  _138 (15.90)* ~12.8 (1.25)*

i 40 mg 160 10201069 _109 (0.75) 161 (16.58)  _154 (1.24)*

| Amlodipine

,  Smg 161 94825 .10,0(0.75) . _149 (14.95)*  .14.3 (1.24)

i 10 mg 163 127825 133078 97 (16.52)*  -18.9 (1.23)

? Oirnesartan/arr,lodipine : ,
10/5 mg 163 138 (748) 143 07ar  _p4 (13.96)*  -22.6 (1.23)
20/5 mg 160 S14.0(9.07) 146075 23 (14.86)*  -22.6 (1.24)*
40/5mg | 157 -15.5 (8.15)* 16.3(076) 254 (147000 s (1.26)*
10/10 mg 161 16.08.62*  -16.70.75)*  _25 3 (14.88)* - - -24.8 (1.24)»
20/10 mg 158, -17.0 (8.04)* 177(0.75) 2921672 _ng (1.25)%
40/10 mg ' 161 -1%.0 (8.90)* -19.4 (0.74)* -30.1 (15.91)+ -28.5 (1.24)*

Placebo 160 -3.1 (10.67)* -4.8 (18.70)t -2.8 (1.25)t

-3.5 (0.75)

L5 - least squares. !
*P < 0.001.
tf<0.05.

T e

cebo group (207162 [12.3%]). Rates of edema in the
groups receiving OM‘Z 10 to 40 mg in combinaton
with AML 5 mg ranged from 18.0% to 20.9% (OM/
AML 10/5 mg: 34/163 [20.9%]; OM/AML 20/5 mg;
29/161{18.0%]; OM/:"LML 40/5 mg: 30/162 (18.5%]).
A retrospective Cochran-Armicage trend analysis of the
AML 10-mg, OM/AMLI! 10/1 0-mg, OM/AML 20/ 10-mg,
and OM/AML 40/10-mg groups indicared 2 statisn-
cally significant redumfon in the incidence of edema
with increasingly higher doses of OM combined with
AML 10 mg (P = 0.00%. Most occurrences of edema
in all trearment groups were mild ro moderare in se-
verity, Severe edema occurred in 5 of 1940 (0.3%)
paucnrs: 1 of 161 parents {(0.6%) in the AML 5-mg
group, 2 of 163 patiemls {1.2%) in the AML 10-mg
group, 1 of 162 patients (0.6%) in the OM/AML
- 10/10-mg group, and 1 of 162 patients (0.6%) in the
OM/AML 40/10-mg groap.

Other common adverse evenss included headache
(130/1940 [6.7%]), dizziness (76/1940 [3.9%]1), and

fatigue (62/1940 (3.2%]), with no consistent differ-
ences between acrive-treamment groups (Table IV), The
incidence of headache was highest in the placebo
Broup (23/162 [14.2%),

Lack of efficacy, as previously defined, was reported
as an adverse event in 48 patents {2.5%): 7 of 161
(4.3%) in the OM 10-mg monotherapy group, 8 of 161

(5.0%) in the OM 20-mg monotherapy group, 6 of 162"

(3.7%) in the OM 40-mg monotherapy group, 4 of 161
(2.5%) in the AML S-mg monotherapy group, 2 of 163
(12%) in the AML 10-mg monotherapy group, 1 of 163
{0.6%) in the OM/AML 10/5-mg group, 3 of 161 (1.9%)
in the OM/AML 20/5-mg group, 2 of 162 (1.2%) in the

OM/AML 40/5-mg group, 1 of 162 (0.6%) in the OM/

AML 10/10-mg group, 1 of 160 (0.6%) in the OM/
AML 20/10-mg group, and 13 of 162 (8.0%) in the pla-
cebo group. None of the patients receiving OM/AML
40/10 mg had uncontrolled BP during treatment.

Nine of 1940 pariencs (0.5%) experienced hypo-
tension: 1 patient (0.6%) each in the OM 10-mg (n =

' Volume. 30Nurber 45
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Table lll. Pitients achieving the blood pressure
geal (<140/90 mm Hg for patients with un.-
cc mplicated hypertension; <130/80 mm
Hy; for patients with diabetes) after 8 weeks
ofl treatment with olmesartan or amlo-

dipine, alone and in combination (last
observation carried forward). '

Treatment Group No. (%)
Olmesartan |
10 mg (n -I 160) 32 (20.0)
20 mg (n ~ 159) 42 (26.4)
40 mg (n =160) 58 (36.3) |
Amiodipine
5 mg (n = 161) 34 (21.1)
10 mg (n - 163) 53 (32.5)
Olmesartan/almlodipine
10/5 mg {n = 163) 57 (35.0)*!
20/5 mg (n = 160) 68 (42.5)%¢
40/5 mg (n ~ 157) 80 (51.0)15
10/10 mg (nl= 161) 79 (49.1)*t
20/10 mg (n = 158) 84 (53.2)*
40/10 mg (n'~ 161) 79 (49.1)1¢
Placebo (n = 160} 14 (8.8)

*P < 0.007 versus monotherapy with olmesartan at the
same dosage. '
ip~-0.003 versuslmonothcrapy with amlodipine at the
same dosage.

1P < 0.001 versus'monotherapy with amiodipine ac the
same dosage.

8P < 0.005 versus !'nnnotherapy with olmesartan at the

same dosage.

—_—

161), AML 10-mg (n = 163), and OM/AML 40/5-mg
groups {n = 162), ar_ld 2 patients (1.2%-1.3%) each in
the OM/AML 10/10-rg (n = 162), 20/10-mg (n = 160),
-and 40/10-mg grougs (n=162). Of the 7 patients with
drug-relaced hyporension, 1 each in the OM/AML
10/10-mg and 40/10-mg groups were removed from
the study because of moderate or severe hypotension.
Serious TEAEs ocurred in 2§ of 1940 patients
(1.3%). Only 1 of these was considered drug relared
{Table IV): a patient receiving OM 20 mg had a non-
fatal cerebrovascular/accident (CVA) that the investi-
gator considered prebably related 1o study medica-
uon, as the patient’s BP was not fully conrrolled,

Ap "'2003 IR
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Two partients died during the study: 1 had z fatal

CVA during the washout phase and the other (a pla-
cebo recipient) was a vicim of homicide during
the randomized-trearment phase. Neither death was
considered treatment related. The patent who died
during the washout phase had a BP of 155/87 mum Hg
at the assessment 10 days before the CVA. Of the
1540 randomized patiencs, 114 {5.9%) discontinued
treatment due to any adverse event (Table IV): 40 of
484 (8.3%) in the 3 OM-monotherapy groups, 20 of
324 {6.2%) in the 2 AML-monotherapy groups, 33 of
970(3.4%)inthe 6 combination-therapy groups, and
21 of 162 (13.0%) in the placebo group. The adverse
cvents leading to study discontinuation were consid-
ered treatment related in 74 panents {3.8% of the to-
tal study group; 64.9% of patients discontinuing rreat-
ment because of an adverse event),
* Although small mean changes were observed in se-
rum chemistry, hemarology, and urinalysis parameters,
there was no consisrent pattern and no apparent rela-
tonship to dose or compound. None of the mean
changes were considered clinically significant. Although
there were seatistically significant increases from baseline
in mean platelet count with AML 5-mg monotherapy
(P =0.002) and 10-mg monotherapy (P < 0.001) and ail
doses of the combination (P <« 0.001), the magnitude of
the increase was <10% in all groups and was not consid-
ered clinically meaningful (the highest increase was
22.08 x 10°/mm? with AML 10 mg). A small number of
padents developed laboratory abnormalities ouside the
prespecified safety ranges (Tabie V), but only 1 parent
(receiving AML 10-mg monotherapy) was remaved
from the study because of increases in atkaline phos-
phatase and y-glutamylransferase. No differences in se-
ram chemistry, hematology, or urinalysis parameters
between trearment groups were considered clinically
relevant by the invesdgators,

DISCUSSION

This 8-week scudy found that all doses of the combi-
nation of OM and AML were significantly maore effec-
tive than the component monotherapies in reducing
both SeDBP and SeSBP (P « 0.001). In addition, the
proporton of patients achieving the BP goal {<140/
90 mm Hg; <130/80 mm Hg in patients with diabetes)
was grearest in the combination-thcrapy arms, with
~30% of parients achieving BP conrtrol with the higher
doses of combinarion therapy. In addition, 54.0% of
patients receiving the highest dose of OM/AML
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Figure 3. Proportioas of patients in the intention-to-treat population achieving blood pressure thresholds
at week 8‘(Iasr -observation carried forward). OM = olmesarran medoxomil; AML = amledipine;

-
OM 10 mg OM/AML 20/5 mg

OM 20 mg B OM/AML 40/5 mg

M oM 40 mg OM/AML 10/10 mg

AML S mg OM/AML 20/10 mg

B AMLI0mg W om/aML 40/10 mg

O] Placebo

<140/90

achieved a BP <140/90 jnm Hg ar week 8. All OM and
AML monotherapy and combinaton regimens were well
tolerated, and no unecpected safery concerns were
identified.

The finding of dose-d *pendent cfficacy with the com-
binaton of OM/AML s consistent with results from
similar studies of other fixed-dose combinations,22-28
as well as from studies that specifically examined the
combinaton of another ARB, valsartan, with AML 2530
As in the present trial, these studies found higher BP
reductions and greater proportions of patients achiev-
ing BP rargers with the combination therapy than with
the component monotherapies.

A number of fixcd-dcise antihypertensive combina-
tions are available in the United Srates, including ARBs
combined with a diuretic (hydrochlorothiazide) and
ACE inhibitors combined with a diureric or CCB. The

o n,

treatment approach underlying these combinations is
consistent with the J]NC 7 recommendation that com-
bination agents should consist of drugs that act through
different antihypertensive pathways to maximize the
therapeutic benefit.!! _

OM and AML have complemenrary mechanisms of
acton, accounting for their addirive antihypertensive
effects. The vasodilatory action of CCBs stimulates
counterregulatory mechanisms such as sympathetic
actvation and activadon of the RAAS. 13 These mecha-
nisms reduce the BP-lowering effects of CCBs. How-
ever, an added ARB or ACE inhibitor counteracts RAAS
acavation, thereby maximizing the BP-lowering effect
of the CCB while having an anthypertensive effect of
its own. :

Both European and US guidelines for the manage-
ment of hypertension have noted the importance of

ot
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Ig Table IV. Number (%) of patients having treatment-emergent adverse events (TEAEs) occurring in 23% of patients in any group during 8 weeks

Variable

Any TEAE

Any discontinuations
due to a TEAE

Any drug-related-
TEAE

Serious drug-related
TEAE
Discontinuations

due to a drug-related
TEAE

Specific TEAEs
Edema*

Headache
Fatigue
Dizziness
Hypertensiont
Nausea

Rash

of treatment with olmesartan or amlodipine, alone and in combination.
———— — —

— - Cliiesartan—

Amlodipﬁ- OImesarcan/Amlodipine

10 mg S mg 1W0mg 10/5 mg 20/5 mg 40/5 mg 10/10 mg 20710 mg 40/10 mg Placebo
(n=161) (n=- 161) (n = 162) (n = 161) (n = 163) (n = 163) (n = 161) (n - 162} (n = 162) (n = 160) (n=162) (n= 162)
- -

88 83 78 73 %6 74 90 83 92 85 87 91
(47)  (516)  (48.) (453)  (s89) (45.4) (55.9) (512)  (56.8) (53 (537)  (56.2)
13(81) 17(00.8) 10(6.2) 10 (6.2) 10 (6.1 0 4235 6(3.7) (68 3009y 9(5.6) 21(13.0)

43 36 40 32 54 32 44 46 51 48 47 48

(87)  (224) (247) (199 @31 (196) (273) (284) (315) (300)  (20.0)° (20.6)
0 1(06) o 0o . o 0 0 0 0 0 0 ]
10062 @8 743 aqs) 637 0 309 425 96 1(06) 8(d.9) 11 (6.8)
23 16 30 21 60 34 29 30 43 41 - 38 20
(143) .99) (185 (13,0 (36.8)  (209)  (180) (185) (26.5) 25.6)  (235) (12.3)
9(56) 14(87) 14(86) 13(8)) 8(49) 4(25) 9(56) 6(3.7) 10(62) 1169 9(56) 23(14.2)
73 3(19) 3(19) s(31) 3(18) 308 531) 849 2.2 14(8.8). 3(1.9) 6(3.7)
S31) 10(62) 849 5(31) 425 3(18) 8(50) 7(43) 6(37) 531 6(37) 9(5.6)
7(43) 8(50) 6(37) aqs) 2019 1(06) 309 2(1.2) 1(0s) 1006 0 1380
2002 309) 2012 2019 2(L) 1(06) 531) 3(18) 202 2(13)  5(33) 5(3.1)
0 0 108 1068 5@y 202 106 3 (09 106 203 106 201.2.

*Combimes the cerms edema, peripheral edema, pitting edema, generalized edema, and localized edema, Patients were counted once for any instance of apy of these terms,

' | Combines the terms hypertension, systolic hypertension, diastolic hypertension, accelerated hypertension, blood press

wure increased, diastolic blood pressure increased, and blyod

pressure inadequately controlled. Patients were counted once for any instance of any of these terms.
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Table V. Number (%) of patients in the safery cooulazion deveioping “aborarory ‘abnormalities (values outside the predefined safety
——  Txhresholds). S .
—— — —_—
Olmesartan Amlodipine - Olmesartan/Amlodipine
Paramecer 10 mg 20mg  40mg Smg Wmg 10/5 mg  20/5mg 40/5 mg 10/10 mg 20/10 mg 40/10 mg  Placebo
(Threshold) (1= 161) (n=161) (n=162) (n ~ 161) n ~ 163) (n - 163) (n = 161) (n = 162) (n ~ 162) (n - 160) (n-162) (n=162)
Serum chemist_ry~
AST(>66 mU/mL)  1(0.6) 2(1.) 0 106 o0 0 106 o 1(0.6) 1(0.6) 1(0.6) 0
ATE7SmU/my — 2(12) 106) o @ 1 (06 0 106 106 o 106 1 (0.6) 1(0.6) 1(0.6)
GGT (>87 mU/mL) 6(37) (37 s 31y s@1 4 (25" 6(37) 13 81 531 9 (56) 2(03) 4 (25) 6@3.7) i
Alkaline phosphartase ’ : !
(>216 mU/m) 0 0 0 I N T 0 0 0 0 0 1(0.6)
Total bilirubin ' i
(>1.65 mg/dL) 0 0 0 0 106 o 1(06) 0 0 0 1(0.6)  1(0.6)
Potassium : ) i
(5.0 mEq/L) 68 637) s5(56) 3019 425 3 (8)  8(50) 17(105) 8(49) 9(s6) 956 & 67y |
Hematology !
Hemacocric (<30%) [ 0 1(0.6) 0 0 [¢] 1(0.6) 0 [¢] (] 1(0.6) 0
Platelet count
(100 x 10Ymm?) ¢ 0 0 108 106 106 202 ¢ 0 0 0 0
AST = asparcate aminotransferas‘e;_ATT::_aEaine am;):(-r;sfzrase; CE’EI;;;yIUansfe'r_a—s;._—_ -

*One pacienc receiving this dosage developed an increase in both alkaline phosphatase and GGT and was withdrawn from the study.
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combination therapy in accelerating progress roward
BP goals.!!? In|addition, these guidelines advocate
use of combination therapy, when indicated, as initial
treatment for patents who require reductions of
>20/10 mm Hg to achieve the BP goal. However, the
combination of O:M and AML is not approved for the
initial treatment for hypertension.

In additon to having improved BP-lowering effi-
cacy, fixed-dose combinations may offer patient con-
- venience compared with 2 agents raken separately. A
recent meta-analysis reported that parent compliance
was significantly bewer with fixed-dose antihyperten-
sive combinations than with the same 2 agents admin-
istered concomitantly (P < 0.001).3! .

The combinaticn of OM and AML was well roler-
ated in this study.l The incidence of TEAEs, serious
adverse events, and discontinuations due to adverse
events was compa::'able among treatment groups, and
the frequency of TEAE-related discontnuations was
lower in the combination-meatment groups than in
the placebo group.|Edema was the only adverse event
that showed a meaningful dose-response relationship.
Most occurrences ¢ f cdema were mild in severity, with
moderate or severe|edema most commonly seen in the
groups receiving AML 10 mg, alone or in combina-
ton with OM. Although the incidence of edema was
high in the group that received AML 10-mg mono-
therapy, both the intidence and severity of edema were
reduced when AM™ 10 mg was combined with in-
creasing doses of OM., In fact, the placebo-subrracred
incidence of trcatm':nt-cmcrgcnt edema was reduced
by 54% when OM 40 mg was added to AML 10 mg.
As expected, AML !-mg monotherapy was associated:
with a lower incid¢nce of edema than AML 10-mg
monotherapy.

The reduction in edema when the higher dose of -

AML was combined with increasing doses of OM in
this study is consistent with other reports indicating

that the use of a RAAS blocker in combination with-

AML reduced the I!ikclihood of AML-induced ede-
ma.2?3233 The prescnt study is one of the few trials of
an anthypertensive combination to actively seek out
occurrences of edcm:ﬁ and grade its severity. As a re-
sult, the incidence o edema reported here is higher
than in other trials tkat have relied on passive report-
ing. For example, a facrorial study of valsartan and
AML that used a passive-reporting system (adverse
evenes were volunteered by patents, elicited by gen-
eral qucsm‘bning, or detected on physical examination)

. s.c_ii..'CHi-y;s'.__;n_r_g::a;;;.'

reported edema rates of 8.7% with AML monothera-
py and 3.0% with placebo,?® compared with 13.0%
to 36.8% with AML monotherapy and 12.3% with
placebo in the present study. However, our findings

-are consistent with the incidence of edema in trials

thar used acrive edema surveillance, including scudies
of AML monotherapy. For example, Leonerti er al34
reported a 19% rate of edema with AML 5 or 10 mg
when symproms were actvely elicired using a patient
questionnaire. Furthermore, in the Comparison of
Candesartan and Amlodipine for Safety, Tolerability
and Efficacy (CASTLE),35 which used a proactive
monitoring system, 22.1% of patients receiving AML
5 or 10 mg were reported to have edema. In the Val-
sartan Antihyperwensive Long-terrn Use Evaluaton
(VALUE),*¢ which also used a proactive monitoring
system, 32.9% of patents receiving AML 5 or 10 mg
with or without hydrochlorothiazide developed ede-
ma. The incidence of edema with the ARBs used in the
foregoing studies was 8.9% for candesartan and 14.9%
for valsartan, comparable to the incidence with OM
in the present study (9.9%-18.5%).

The factorial design of this study provides important
dose-response information about che BP-lowering ef-
fects of the combination of OM and AML. However,
the study was of shorr duration {8 weeks) and thus
had limited ability to predicr long-term effectiveness
or tolerability. Finally, the results of this study are ap-
plicable to the population studied {aduits with mild to
severe hypertension) and may nor be generalizable to
other populations with different characteristics.

CONCLUSIONS

In this population of adult patients with mild to severe
hypertension, the OM/AML combinations were sig-
nificantly better than their monotherapy components
and placebo in lowering BP and achieving JNC 7 BP
goals. Combination therapy was well rolerated and
was associated with a lower incidence of edema rela-
tive to monotherapy with high-dose AML (10 mg).
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Age-specific relevance of usual blood pressure to vascular

mortality:
in 61 prospective studies

Prospective Studie:;. Colfaboration*

a meta-analysis of individual data for one million adults

" Summary

Background The age-specific relevance of blood pressure to
cause-specific mon-‘ality is best assessed by collaborative

meta-anaiysis of ind vidual participarmt data from the separate .

prospective studies,

Mathods Information was obtained on each of one million
adults with no previous vascular disease - recorded at
baseline in 61 prosipective observational studies of biood
pressure and mortajity. During 12-7 million person-years at
risk, there were alwmut 56 000 vascular deaths (12 000
stroke, 34 000 ischitemic heart disease [{HD], 10000 other
vascular) and 68 000 ather deaths at ages 40-89 years,
Meta-analyses, invc*‘lving “lime-dependent” correction for
regression dilution, 'efated mortality during each decade of
age at death to the|estimated usual blood pressure at the
start of that decade.

Findings Within e:‘:ch decade of age at death, the
proportional  difference in the risk of vascular death
associated with-a given absotute difference in usual blood
pressure is about tr‘e same down to at least 115 mm Hg
usual systelic blood | pressure (SBP) and 75 mm HE usual
diastalic blood pressure (DBP), below which there ig little
evidence. At ages 4069 years, each difference of 20 mm Hg
usual SBP (or, approximately equivalently, 10 mm Hg usual
DBP) is associated w.th more than a twofold difference in the
stroke death rate, ard with twofold. differences in the death
rates from IHD and fiom other vascular causes. All of these
proportional differences in vascular mortallty are about half
as extrerne at ages 30-89 years as at ages 40-49 years,
but the annual absol'te differences in risk are greater in old
age. The age-specific| associations are similar for men and
women, and for erebral haemomhage and cerebral
ischaemia. For predicting vascular mortality from a single
blood pressure measﬁrement. the average of SBP and DBP
is slightly maore informative than elther alone, and pulse
pressure is much less' informative,

Interpretation Throughout middie and old age, usual blood
pressure is strongly -‘and directly related to vascular {and
overall) mortality, without any evidence of a threshold down
to at least 115/75 mr‘m Hg.

Lancet 2002, 360; 1933-13

*Collaborators !sted at erd of papar

|
Correspondence ta: PSC Lecretariat, CTSU, Radcliffe tnfirmary,
Cxford OX2 GHE, UK

(e-mail: psc@ctsu.ox.ac,uk)

Introduction

Meta-analysis of individual participant data

The observed relationships berween blood pressure and
vascular disease mortality in particular epidemiological
studies are subject to appreciabie random error, especially
at lower blood pressure levels, for which the mortality rates
are relatively low. As a cansequence, different studies may
produce apparently very different results, and unduly
sclective emnphasis on some and not on others could
introduce substantal biases. Henee, both to [imit purely
random errors and to minimise selective biases, meta-
analyses of the observational studies of these relations are
needed. By combining data from many studies, such mera-
analyses can assess reliably the relevance of blood pressure
o disease risk in a wide range of circumstances (inchiding
the exaremes of the usual blood pressure distribution, and
different ages). Thé present collaborative meta-analysis'
differs from previous meta-analyses™ in several ways thar
increase irs relisbility and informativeness: (i} it is large,
involving 120 000 deaths among one million partcipants
in 61 cohorts (with parallel analyses of the Mulgple Risk
Factor Intervention Trial [MRFIT] observational srudy’
that involve a further 17 000 vascular deaths); (i) indi-
vidual records are available for each of the patTicipants in
cach study, allowing detailed analyses; (iii) individuals with
pre-existing vascular disesse recorded were excluded,
limiting any effects of disease on blood pressure (ie,
avoiding “reverse causality™); (iv) cause-specific mortalicy
dara, together with age ar death, are generally available;
and (v) informadon on 286 000 repeat measurements
made during prolonged follow-up allows appropriate time-
dependent correcrion for “regression dilution”.*

Time-dependent correction for regression dilution

Typically in prospecrive studies of the relevance to disease
of risk factors such as blood pressure, various
characteristics of a cohort are recorded at an minal baseline
survey and these baseline characteristics of individuals who
subsequently develop a particular disease are then
compared with those of .individuals who do nor But,
because of fluctuations in the measured values of a risk
factor at baseline, such comparisons often substantiaily
underestimate the smength of the real association berween
the “usual® (ie, long-term average) level of thar risk factor
during a particular exposure period and the disease rate
during that same, or a later, period.” This regression
diluton effect may be caused by measurement error, by
short-term biological - variability (including both wansient
fiuctuations and any diumal or seasonal variadon), or by
longer-term within-person fluctuztions or trends in risk
factor wvalues (which may ocour for several TEas0ns,
including physical activity, diet, treatnent, disease, or age).
Information from repeat measurements of the risk facror
after just a year or two in a reasonably representatve
sample of individuals can be tsed to comect for the effects
not only of randormn measurement error but also of short-
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term variability in risk factor levels.? If, however, the aim
is to escimate the usua] risk factor levels 5, 10, or t5
years later then corrections based on remeasurements
made relatively sbon after baseline may not allow
properly for the ¢ffects of longer-term within-person
variability or trends, Moreover, since the interval
between the baselne survey and the occurrence of an
event in prospective studies is typically longer among
those who suffer events at older ages, such
underestimaton may well be greater in the elderly. In
order to make appropriste time-dependent correcuons
for these effects of regression dilutdon, remeasurements
during prolonged foliow-up can be used to estimate the
usual risk factor levels at some particular fixed interval
prior to death in e:ch decade of age.*

Hence, by comtlination of individual participant data
from many prospective observational studies in a
systematc meta-anilysis that is appropriately corrected for
time-dependent rejression dilurion, the present report
characrerises, with freater precision and less bias than has
previouslty been po:}.siblc, the age-specific and sex-specific
relevance of the usual blood pressure to the subsequent
rates of death from sooke, ischaemic heart disease (IHD),
other vascular causes, and the aggregarte of all non-vascular
CauUses.

Methods
Study selection criteria and data collection
As described previij)usly, collaboration was sought from
the invesrigators of all prospective observational studies in
which data on blocd pressure, blood cholesteral, date of
birth (or age), andJ sex had been recorded ar a baseline
screening visit, and'in which cauge and date of death (or
age ar death) had been routinely soughr for all screenees
during more thap 5000 person-years of follow-up (see
appendix A; hup:/fimage.thelancet com/extras/Q1an8300
webappendixA.pdf). Relevamt studies were identified
through computer searches of Medline and Embase, by
hand-searches of )'necung abstracts, and by extensive
discussions with investgators. To minimise the effects of
reverse causality [whereby established disease could
change the usual bthod pressure), studies were excluded if
they had selected pammpants on the basis of a posigve
history of swoke o heart disease, and individuals from
conuibutng sdee!s were excluded from the present
analyses if they had such a history recorded ar baseline.
The prirmary risk factors for the present.meta-analysis
are age, and the systalic and diastolic blood pressures (SBP
and DBP). Blood pressure was variously measured in
different studies using standard or random-zero sphygmo-
manometers (but, dimilar results were found with these
different methods:| data not shown), typically with
participants sca:m}i and DBP recorded at the
disappearance of artanal flow sounds (phase V). Three US
studies among coctors, nurses, or other health
professionals invelved self-reported blood pressure (see
foomote o table Al in appendix A); in aggregate,
however, these three studies and the other 58 studies
vielded similar results (data not shown). In-some studies
there was a stong preference for recording blood pressures
that ended in zero feg, 120 mm Hg); hence, the present
analyses mostly use|categories of baseline blood prassure
thar are centred an sluch values (eg, 115-124). Toral blood
cholesterol and, where available, lipid fractions (HDL and
non-HDL  cholesterol), diabetes, weight, alcohol
consumpton, and s‘noking at baseline werc also assessed
(burt, controlling for these factors did not materially alter
the estmated hazzrd rados for the effects of blood
pressure: dara not shown). Information was sought not

Estimated "usud” SBP {mm Hg) at avarago
of b years befors death for desths at ages

Group Range Mean 40-49 50-59 60-689 70-79 BC-89
i <115 1077 1134 1150 1166 1183 1199
1] 115-124 120-0 123-4 1247 1260 1273 128B-7
il 125-134 1297 1308 1320 1331 1341 1352

SBP (mm Hg): baseilne
categories and values

tv 135-144 1394 1381 1389 13%7 1405 141.3
v 145-154 145.4 1452 14546 1460 1464 1469
vi 155-164 1594 152.0 152.0 1521 162.1 1822
i 165-174 1694 1586 1isB1 1577 1573 1570
wili 175-184 1795 164-8 163.9 163-0 1621 1861.2
ix 185-194 1896 1i70-7 1692 1678 1664 165.0
x »185 210-0 1818 1796 1776 1746 171-7
Difference (x-1} ~ 1023 68-4 64-6 60-5 58-3 51-8
Regression - 067 062 058 054 048
dilution retio*

Years fram - 2 4 5] 8 10
baselinet

*Riio of the citea diffarence {x-] In usual SBP at (he starnt of each oecade ta
that In basellne SBP.T +Mean years from baseline o start of age range. for those
who died in It {esumated as 5 years Jess than mean years from baseling 10
dealh). Hence, regression dillllon ratios for usual boDd pressure 21 an average
af about 1 year before death [0 each decade are eguivatent 1o those for years
fram baseline to start of age range plus 4 years (eg, 0-58, rather than 067, for
usual SBP at age 4049 years).

Table 1: Mean baseline values and estimated usual values of
systolic blood pressure {SBP)

.only from the baseline examination but also from any

subsequent examinations during follow-up in order to,
devise appropriate general formulae for time-dependent
correction of regression dilution (see below).*

Cause-specific mortality was sought in the greatest detail
available, down to three-digit International Classification
of Diseases (ICD) coding. In most studies the cause of
death was initally taken from the desth cerdficate, but in
many cases confirmation was then sought from medical
records, autopsy findings, or other sources. Informarion
was provided on swmoke deaths {with, for about half,
atribution of probable stwoke tvpe: cerebral ischaemia,
cerebral haemorrhage, or subarachnoid haemorrhage) and
on IHD deaths in all but one study {ie, for 99-8% of the
12-7 million person-years at risk). Vascular causes of death -
other than smroke and [HD could be further subdivided,
according to a predefined list,' in all but seven studies (ie,
for 76% of the person-years at risk: see footnote to table
Al in appendix A).

Statistical methods

The main analyses are age-specific, and are of cause-
specific death rates durng fve decades of age at risk
(40—49, 50-59, . . . , B0-89 years), ignoring the few deaths
outside the age range 40-89 years.

Age Persor- Mumber of deaths by attributed cause

?;;::' :::::k Stroke  IMD Other  Nom Unknown Al
(20% vascularvascular cause  causes

<40 2020 74 58 57 1302 91 1622
4049 3269 414 1322 J86 4386 2605 6773
50-50 3B43 1372 5584 1377 12228  B47 21418
60-69 2482 2939 10450 2549 18771 1686 36 395
70-79 913 4327 10852 3227 16112 1716 36234
8088 1YY 2636 5649 2251 7436 895 18 867

280 7 198 318 245 562 B4 1407
Tatal* 12711 11960 34283 10092 60797 5584 122716

*For paralie] analyses of the MRFIT study, which involved men aying only at
ages 4049, 50-59, and 60-69 years. respectively. there were 107, 481, end
717 stroke deaths: 1084, 4597, and 5675 IHD geaths: and 296, 1484, and
2350 other vascwar deaths.

Table 2: Numbars of deaths attributed te stroke, ischaemic
heart disease (IHD), other vascular causes, and non-vascuiar
causes, by age at risk
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Carrection for tirr.we-dependenr regres- A: Usual systolic biood pressure (=115 mm Hg)
sion dilution—Fo1 SBP, the baseline ‘
measurement was used to divide Cause Age at Number of
people into ten| categories (<115,  ofdeath  risk (years) deaths ,

-12 =
1157124, . . 2195 mm Hg at g, 40-43 - 414 — 0-36 (0:32-0-40)
baseline: table 1).|The onalyses relate 059 1372 ! 0-38 (0-35-0-40
the risk of death during each particular s o =8 (0:35-0-40)
decade of age 10 the estimated “usual” 60-69 2938 -, 0:43 (0-41-0-45;
blood pressure ai the start of that 70-79 4327 , - ©-50{0-48-0-52)
decade {eg, age 40) years for death at 80-B9 2636 ! - 0-67 (0-63-0-71)
ages #0—49 years).; The mean intervals !
fl’é}m the baselm)e Sur_v;y I-I—I;ttlﬁ death IHD a0-49 1322 _+ 049 {0-45-0:53}
(irom any cause) \varted with age at : .

’ . 50-59 5594 [ 0-50 (0-45-0-52
death, being 7,9, 11, 13, and 15 years ' © )
for those dying a1 ages 4049, 50-50, 60-69 10450 ;= 054 (0:53-0-55)
60-69, 70~79, ind 80-89 vears, 70-79 10852 D= 060 (0-58-0-61)
respectively, in these studies. For those 80-89 5649 oo 067 (0-64-0-70}
who die in a particular decade of age, )

m; Mmean age at r:icat_h is about the Other a0-49 385 ’ —— 0-43 (D-38-0-48)
middle of that decanlic (ie, an average of vascular 50-59 1377 - 0-50 (0-47-0-54)

-..about 5 years after the start of the '

e N 2 4 |'. . . .
decade). Hence, the mean intervals 80-59 >49 { 05310:51-0:56)
from the time of th: baseline survey to 70-72 3227 - 0-64 {D-61-0-57)
the start of the decride of age in which 80-89 2251 ) .- 0-70 (0-65-0-75)
death occurred we e 2,4, 6, 8 and I r L 7
10 years, respectively (table 1), 025 0358 05 Q7 . 10
Information on a toral of 286 000 biood Hazard ratio {95% CI) for 20 mm Hg
pressure remcasu'iremmts in the lower usual systollc biood pressure
different studies (sez foomote to table
Al in appendix A) was used 1o
provide estimates 0]‘; age-specific usual B: Usual diastolic blood pressura (=75 mm Hg}

SBP after these panicular intervals for

each category of balieline SBP (details f:;‘;m e at Numbar of

in appendix B; http://image. thelancer. ° ok (years) ° . i

com/extras/0lartB300webappendinB. Stroks 40-49 348 —— : ©-35 (0-30-0-40)

pdb. : 50-59 1243 - ! 0-34 (3-32-0-37)
1]

Estimation of hazary ratios for given 60-69 2626 . 040 (0-38-0-42)

differences in usual| blood pressure— 70-79 3915 - 0-48 (0-45-0-51)

The five age rangss and ten SBP 80-89 2340 oy 0-63 [0-58-0-69)

categories yieided |a toral of 50 :

different groups, one of which was  kp ap-49 1114 — 047 (0-43-0.51)

taken as the reference group with a : 5050 4945 - 052 (0-50-0-55)

hazard ratio of 1-0.‘ Relative (o this, 60-69 i | - 056 {0-54-0-58)

the other 49 hazard ratios for SBP 70279 ; |

were estimated sbnulaneously by 972 ;= 0-62 (0-60-0-64)

Cox’s method,’ straiified for sex and 80-89 068 " - 070 {0-65-0-74)

study (with an additional term that B

allowed the hazarc. ratio in each Cther 40-a9 316 —— 0-43 (0-37-0-50)

decade of age to be|estimmated as the vascular 50-59 1140 — 0-48 (0-44-0-52)

ﬁfcm;mc me;m of thedha;agi ratljoti in &0-68 2230 ..L 0-4% {0-46-0-53)

< st an S€COI 4 s) at ’

s 7 ! . 570
decade). Firting :ach of these 0~79 2853 | - ; 0-62 10:57-0-68)
50 scparate valucs  avoids  any fo-s8 1976 | 071 [@84-0-78)

| i
1

assumptions as t whether the
proportonal rela:ion;s,hips of risk to
usual SBP are similar in different _ Hazard ratia (95% CI) for 10 mm Hg
decades of age. (lollecdvely, the ) lower usual diastolic blood pressure
50 hazard ratios are: “floating™ (ie, ‘ ’
all are related to the absolure death
rates in a pardctlar population Figure 1: Stroke, ischaamic haarf disease (IHD), and other vascutar mortaiity: age-
by some common conszant of Skecific hazan ratios for given differences in usual blood prassure
. : The vafues plotted are the hazard ratios in each decade of age assoclated with (4] 20 mm Hg lower
rdonali anc. s E

propo 3 %)’ : n“ 5 °i they X% usual systolic blood pressure (SEP}: and (8) 10 mm HE lower usual diastolic blood pressure (DBR) at
presented as “iloaung a Soiute 1_'151(5 . the starl of that decade. Each square has area inversely propartional to the e fective vanance of the
This does not change their estimated log hazard ratlo, with the vertica! broken line inditating & hazard ratle of -5, In parallel anatyses of
values, bur it does |mean that an the large MRAT study, a 20 mm Hg iower usual SBP at the start of the decage for deaths at ages
“effective variance” can be assi 4049, 50-58, and 60-69 years, respectively, was assotiated with hazard ratios of (1) stroke: 0-30

eﬂ;} | T n | d.n cg s‘%m’d "® (95% C10-23-0-40), G-33 (0-25.0-38), 8n0 0.35 (0-31-0-40Y; (1] MD: 0-42 (0-38-0-47), O-44
each leg risk (incla 1ng thar for the 10-42-0-46}, ang 0-46 (0-44-0-48); and {ill) other vascular: D-35 {0-30-0-42), 0-42 (0-39-0-46), and
reference group), which reflects the 0-44 [0-41-0-48).

T T T
025 035 0.5 0.7 1.0
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A: Systolic blood pressure

Age at risk:
256 7 80-88
YERIS
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Figure 2: Stroke mortallty rate in each decade of age versus usual blood pressure at the start of that decade

Rates are plotied on a floating absclute scale, and each sguare has area In
diastolic blood pressure. each age-specific regression iine ignares the eft-n
stgnificantly above the ftted regression tine (as indicated by the broken line

amount of informadoen undeslying that particular group
(details in appendix C; hup:/image.thelancet.com/exiras/
01art8300webappendixC.pdf). The statistical comparisons
between groups then ke the 50 log tisks for SBP to be
mutually independent with these 50 variances. The
analyses for DBP were similar to those for SBP, except that
the baseline DBP measurement was used to divide people
into only six categories, reflecting the namrower range of
values (see table B2 in gsppendix B). ’

" The present report describes the hazard ratios (and 95%
Cls) thar are associated with 20 mm Hg lower usual SBP,
and with 10 mm Hg lower usual DBP. If the slope of log
risk against usual SBP (calculated as in appendix C) is x,
then the hazard rato for 2 20 mm Hg lower usual SBP is
exp(-20x). Hence, for example, to obain the hazard rato
for a 10 mm Hg lower usual SBP, one would raise the
hazard ratio for a 20 mm Hg lower usual! SBP to the power
10/20 (ie, take its square root).

Role of the funding source

The sponsers of the study had no role in study design, data
collection, dara analysis, data interpretadon, or writing of
the report.

Results

Study populations

Individual records for each of 958 074 participants in 61
studies were included in this mera-analysis, with 70% of
the parucipants from Europe, 20% from North America

versely proportional to the effective variance of the log mortality rate. For
and point {ie, atl siightly less than 75 mm Hgl. for which the risk lies
below 75 mm Hg),

>

or Austalia, and the remainder from Japan or China
(rable Al in appendix A). During 12-7 million person-
years at nisk (mean of 12 years to death), there were
11 960 deaths attributed to sroke, 34 283 auributed ro
IHD, 10092 attributed to other vascular causes, and
60 797 auributed 1o non-vascular causes {while a further
5584 deaths were of unknown cause: table 2 and table A1
in appendix A). Of the deaths from a specified type of
stroke, one-sixth of those ar ages 40-59 years, one-third
of those at 60~69 years, and half those at 70-80 years
were attributed to cerebral ischaemia. Individual records
were not available for inclusion in the meta-analysis from
participants in the MRFIT study, which invoived 16 784
vascular deaths at ages 40-69 years among 353 168 men
(see footnote to table 2). Bur parallel analyses using the
same methods of that one large scudy yielded similar
findings, and these are given separately.

Age-specific hazard ratios

Figure | summarises the age-specific hazard ratios for
death from stroke (top), from IHD (middle), and from
other vascular causes (bottom) thar are associated with a
20 mm Hg lower usual SBP throughout the range down
te 115 mm Hg (figure 1A); or, approximately
equivalently, with a2 10 mm Hg lower usual DBP
throughout the range down to 75 mm Hg (figure 1B}, At
ages 60-69 years, such differences in usual bleod
pressure are associated with slightly more than a twofold
difference in the risk of stroke death and with almost a

1906

THE LANCET - Vol 360 » December 14, 2002 « www .thelancer.com



ARTICLES

iwofold difference in death from [HD
and from other vascular causes. (In
figure 1, this twofold difference in risk
is represented by the vertical broken
line through a hazard ratio of 0-5.) The
hazard ratios are about twice as
extreme for vascular deaths at ages
+0—49 years as at ages 80-89 years, bur
the associations with each of these
three categories of vascular morality
remain strong even in old age. Thus,
although a 20 mm Hg lower usual SBP
is associared with more than a twofold
difference in vascular mortality at ages
40-49 years (hazard ratos of 0-36 for
stroke, 0-49 for IHD, and 0-43 for
other vascular mortality), it is still
associated with about one-third less
vascular rnortality at ages 80-89 years
(hazard ratos of 0:67, 0-67, and 0-70,
respectively). Parallel analyses of the
MRFIT study yield similar age-specific
results for the relevance of usual SBP
to wvascular mortality (see legend to
figure 1).

Stroke mortality and usual blood
pressure

Figure 2 shows thar the relationship of
stroke mortality to  usual  ‘blood
pressure is swong and direct at all ages,
with no good evidence of a threshald ar
any age in the range of usual SBP
above 115 mm Hg or of usual DBP
above 75 mm Hg. A “doubling” (ie,
proportionial, or log) scale has been
used for mortality rates, with a 95% CI
for each point thar reflects the amount
of information underlying each risk
estimate (see Methods), Because these
mortality rmates are  collectively
“floating”, multiplication of all of them
by some constant appropriate for a
particular population would aliow
prediction of the absolute rates in that
population. Fer usual SBP, ail ten
points within each age-group are well
fited by the age-specific regression

lines plotied ({figure 2A). These
approximately “log-linear” reladon-
ships imply that the proportional

difference in the ‘age-specific risk of
stroke death associated with a given
absolute difference in usual blood
pressure is about the same ar al] levels
of usual SBP down to at least
115 mm Hg. For usual DBP, the age-
specific regression lines were fitted to
five points only, ignoring the left-hand
point (corresponding to slightly less
than 75 mm Hg) for which the rigk lies
significantly above the fimed regression

line but still below that of the adjacent point (figure 2B).
The slopes of these regression lines were used to calculate
the age-specific hazard ratios for stroke death associated
with a 20 mm Hg lower usual $SBP, or 10 mm Hg lower
usual DBP, that were given in figure 1. Throughout
middle age, such differences in usual blood pressure are
associated with more than a twofold difference in the risk

A: Sex
Age at S5ex
risk (years)
40-49 Male
Female
Both
50-59 Male
Female
Both
&0-89 Male
Female
Both
70-79 Mate
Female
Bath
8089 Male
Female
Both
B: Type of stroke
Age at Type of
risk (yoears) stroke
50-59 SAH

60-69

70-79

80-89

Corebal haemomrhags 462
Cerebal ischaemia

Unknown
Any stroke

SAH

Cerebal haemorrhage 741
‘Cerebal ischaemia

Linknown
Any stroka

SAH

Cerebal haemorrhage 915
Cerebal ischaemia

Lnknown
Any stroke

5AH
Cerebal heemorrhage 423
Cerebal Ischaemia

Unknown
Any stroke

Number of
deaths

————

<

279
135
414

988
383
1372

—l—-

&

" 2118 -
823 . —-—
2939 )

———

2599 =
1728
4327 ¢

1238
1398

——
—--
2636 3>

r T T —r= ]
0-25 0-3% 05 07 1.0
Stroke hazard ratio {95% CI) for 20 mm Hg
lower usual systolic blood pressure

Number of
deaths

301

177
432
1372

271
538
1389
2939
107
850
2455
4327
3z
518

1662
2636

r T ) T
025 035 0-5 0-7 1-0

Stroke hazard ratio (95% CI) for 20 mm Hg

_ lower usual systofic blood pressure

0-33 {0-20-0-38)
0-41 (0-34-0-49)
0-36 {0-32-0-40)

0-34 {0.32-0:37)
0:45 {0-40-0.50)
0-38 {0-35-0-40)

0-41 (0-35-0.44)
0-47 {0-43-0.51)
0-43 (0-41-D-45)

0-48 (0-46-0:51)
0-53 {0-49-0-56)
0-50 {0-48-0-52}

0-68 {0-63-0-75)
0-65 (0-60-0-71)
0-67 (0-63-0-71)

0-5C (0-43-0-58)
0-38 (0-34-0-43})
0-35(0-29-0-41)
0-34 (0-30-0-38)
0-38 {0-35-0-40)

0-47 (0-40-G-55)
0-43(0-39-0-47)
0-45 {0-41-0-51)
0-44 (0-41-0-47)
0-43 (0-41-0-45)

0-76 [0-58-0-99)
0-51 (0-47-0-56)
Q-50 {0-45-0-55)
0-49 (0-46-0-52)
0-50 {0-48-0-52}

1-03 (0-56-1-89)
051 (0-43-0-80)
0-77 (0-67-0-87)
0-67 (0-62-0-72)
0-67{0-63-0-T1)

Figure 3: Stroke mortallty: sex-specific and type-spacific hazard raties for 20 mm Hg
lower usual systolic biood pressure .
Conventions as in figure 1. Hazard ratlos (95% Cls) for subarachnaid haemorrhage {SAH) are given

numericaily but are not plotted.

of stroke death. Although the strength of the association
berween the proportional risk of stroke death and usual
blood pressure declines to some extent with increasing
age at dearth, stoke is so much more common in old age
than in middle age that the abselute annual difference in
stroke death associated with a given difference in blood
pressure increases with increasing age. For example, the
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A: Systolic bivod pressure

i T | |
140

160

i
180

Usual systolic blood
pressure (mm Hg}

Figure 4: Ischaemic heart disease (IHD)} morta:ltty rate in each decade of

Convertions as in figure 2,

20 mm Hg difference in usual SBP
between 120 and 140 mm Hg (or
between 140 and 160 mm Hp) is
associated with an annual difference
in absolute risk that is nearly ten times
larger at ages 80-89 years than that at
ages 50-59 years (figure 24).
Revertng to proportonal risks, the
age-specific  associations of stroke
martaiity with bloed pressure appear
to be slightly less extreme for women
than for men (figure 3A). Comparing
different r1egions of the world, a
20 mm Hg difference in usual SBP is
associated  with  age-standardised
hazard ratios for stroke mortality at
ages 40-89 years of 0-49 (95% CI
0-48—0-51) in the studies conducred in
Europe, 0-50 (0-47-0-53) in the UJSA
or Australia, and 0-42 (0-39-0-46) in
Asia. Overall, the probable narure of
about half of these faral strokes was
reported, with the remainder being of
unknown type. Among people of the
same age (at least up to age 80 years),
the hazard ratios for death arwribured
to cerebral haemorrhage and 1o
cerebral ischaemia appear similar
(figure 3B). The proportion of stroke
deaths considered 10 be due to
cerebral haemorrhage was greater ar
younger ages, when the strength of the

Age at
risk {years)

40-49

50-69

60-69

70-79

80-89

= Age at risk:
256 — - BO-89
years
128 ~ ' 70-79
years
S g4 o 60-69
% years
(=73
he] ) .
= e 32 50-59
% _::ﬂ- years
= 15
= 2 40-49
B g years
e 97
£
@
8
= 4 -
5 i
1 —

Sex

Male
Fernaln
Both

Male
Female
Both

Male
Female
Both

Male
Female
Both

Male
Femaie
Both

IHD mortality
{floating absojute risk and 95% Cl}

Number

B: Diastolic blood pressure

]

256

128

Age at risk:
80-89
years
70-79

years

60-69
years

50-59
years

L I |
' BO 90

Usual diastolic biood
pressure (mm Ha)

of dasths

1202
120
1322

5027
567
5594

8609
1841
‘10 450

7384
3468
10 852

2932
2717
5849

i

100

r T 7 T
0.25 0-35 0.5 Q-7

IHD hazard ratio (85% CI} for 20 mm Hg
lower usual systolic biood pressure

1.0

110

age versus usual blood pressure at the start of that decade

050 (0-46—0-54)
0-40 {0-32-0-43)

" 0-49 {0-45-0-53)

0:50 (0-49-0-52)
0-49 (0-45-0-54)
0-50 (0-49-0-52)

0-55 {0-54-0-57)
0-50 {0-47-0-53)
0-54 (0-53—0-55)

0-62 (0-60-0-64)
0-55 (0-53-0-58)
0-60Q {0:58-0-61)

069 (0-65-D-73)
0-64 {0-60-0-68)
0-67 (0-64-0-7Q)

Figure 5: Ischaemic heart disease (IHD) mortality: sex-specific hazard ratlos for
20 mm Hg lowar usual systolle blood pressure
Conventions as in figure 1.
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A: Systoiic blood pressure

256 4
Age al risk:
128 - 80-89
years
S 64 ‘
R 70-79
P LD
= o years
£E8 32+
& m )
E x 60-69
2% years
gs 18
g [=3
- 50-59
o m
S w 8 - years
[ =
= .
o
= 4 -
2 o
1 -
- [ann T T ™

120 140 160 180

Usuai systolic blood
pressure (mm Hg)

B: Diastoiic bload prossure

256 —]
128 Age at risk;
80-89

5 64 years

5
Zo ¢ 70-79
2 324 ‘ years
Qo
=3
S i
5= : 60-66
=@ 16 T ars
e ¥8
o o o
> @
&3 t.-
S o 8 - 50-59
© £ years

= .

2

= 4 - '

2 .
1- {
. 3 7 T T T

70 B0 90 100 110

Usual diastelic blood
pressure (mm Hg)

Figure 6: Othet vascular (not streke or ischasmic heart disense) mortaiity rate in each decade of age versus usuai biood pressure at

the start of that decade
* Conventions as in figure 2.

associadon with stroke is stronger (and misclassification of
the type of fatal siroke is less likely). Hence, analyses that
are not srratified appropriately by age mighr suggest thar
the associations with blood pressure are stronger for
deaths due 1o cerebral haemorrhage than for those due to
cerebral ischaemia,’ even though the age-specific
associations are actually about the same for strokes
attribured o cach cause.

Relatively few deaths were atuibured to subarachnoid
haemorrhage and, at all ages, the associations of mortality
with blood pressure appear to be weaker for this outcome
than for other types of siroke (figure 3B). Even so,
throughout middle age (je, art ages 40-69 -years), a
difference of 20 mm Hg in usual SBP is associated with
about a twofold difference in the mortality rate from
subarachnoid haemorrhage, (Note that the hazard ratios
for subarachnoid haemorrhage are given in figure 3B, bur
they are not plotted in order that their wide Cls do nat
dominarte the figure.)

IHD mortality and usual blood pressure

Usual blood pressure levels are also strongly and directly
associated with JHD morrtality at all ages {figure 4),
although the relative sength of the association in middle
age is somewhat weaker for IHD than for stroke mortality
(figure 1). Throughout the range of usual SBP thar was
studied (ie, down 1o at least 115 mm Hg), the slope of the
association between IHD mortality, plorted on a doubling
scale, and the usual ievel of SBP ig approximately constant
within each age range (figure 4A), The same also appears
to be wue for the relationship between IHD tnortality and
usual DBP down to at least 75 mm Hg (figure 4B), and

within this range the age-specific hazard rarios associated

" with 10 mm Hg differences in usual DBP are similar to

those associated with 20 mm Hg differences in usual SBP
(figure 1). Throughout middie age, such differences in
usual blood pressure are associated with about a twofold
difference in IHD mortality. Although the strength of the
association berween the proportional risk of IHD death
and usual blood pressure declines to some extent with
increasing age at death (but not as markedly as for stroke:
figure 1), the absolute annual difference in THD death
associated with 2 given difference in blood pressure
increases with increasing age.

Reverting to proportional risks, the age-specific

- associations of IHD mortality with blood pressure appear

1o be slightly more exueme for women than for men
(figure 5). This is the opposite of the slight rend seen for
stroke (figure 3A), but in neither case are the effects of
Sex substanual. Hence, for vascular mortality as a whole
(data not shown), sex is of little relevance o the age-
specific hazard rarios associated with a given difference in

. usual blood pressure. Comparing different regions, a 20

mm Hg difference in usual SBP is associated with age-
standardised hazard ratios for IHD mortalicy ar ages
40-89 years of 0:57 (95% (I 0-56--0-58) in the studies
conducted in Europe, 0-54 {0-51-0-56) in the USA or
Australia, and 055 (0-48-0-63) in Asia.

Other vascular mortality and usual blood pressure

Likewise, for the aggregate of ail vascular causes of death
other than swoke or IHD, both SBP and DBP are
strongly and directly associated with mortality in each age
range. As is the case for stroke and I D, there appesars to
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Cause of Mean age  Numbar of P to an unknown cause (presumably
death atdeath  deaths | about half vascular and half not),

{yaars) : Throughout the range of usual
Heart fallure &8 748 + 0-53 (0-48-0-59) blood pressures down to §15/75 mm
Aartic aneurysm &8 705 e 0-55 (C-49-0-62) Hg, mortality from the aggregate of
Hypertensive 68 B4% — ; 0-22 {0-20~0-25) all non-vascular causes is aiso
neart disease ; positvely related to blood pressure,
Atherosclerasis 72 508 —- 0-48 (0-42-0-55) although the reladonship is much
Sudden death B0 553 — 0-49 (0+43-0-56) shallovyer thgn that for wvascular
Inflammatory 67 320 P — 0-63 {0-53-0.75) mortality, with each 20 mi Hg
heart disease lower usual SBP corresponding to
Rheumatle heart 84 255 0-74 (0-61~0-89) an age-srandardiscd.hazard ratio for
disease non-vascular mortality of 0-88 (95%
Other heart disease 69 1682 - 0620-5806n I 0:87-0-89). If the deaths from an
1exctuding 1HD) ‘ ; i unknown cause are included then
Pufmanary embolism 67 296 b —— 072 [0-60-0-87) this relationship becomes slightly
COtner circulatory 65 182 _.._._ 0-56 (0-44-0.71) steeper (data not shown). A separate

f T f T
025 035 05 0.7

Hazard ratic (95% CI) for 20 mm Hg
lower usual systollc blood pressura

Figure 7: Mortality from other vascular causes (hot stroke or ischaemic heart disease):

hazard ratios for 20 mm Hg lower usual systolic hinod pressure

Conventions as in figure 1. Only 54 of the studies subdivided these other vascutar causes

{see table Al in appendix A).

be an approximartely log-iinear relationship between usual
blood pressure and monality from these other vascular
causes (and, indeed, with mortality from the aggregate of
all vascular causes; data not shown), with no evidence of
a threshold down to at least 115/75 mm Hg (fgure 6).
Again, the sength of the association berween the
proportional risk of such deaths and the usual blood
pressure declines to some extent with increasing age at
death (figure 1). Three large, and four small, studies did
not provide any subdivision of these other vascular causes
of death (table Al in appendix A), but the 5896 such
deaths at ages 40-89 years in the remaining studies can
be further subdivided by causc (figure 7). In these age-
standardised analyses, a 20 mm Hg difference in usua]
SBP is associated with azbout 2 fourfold difference in
mortality from hypertensive hearr disease, with about a
twofold difference in mortality from each of heart failure,
agrtic aneurysm, atherosclerosis, and sudden death, and
with differences that were jess exireme, although sti]]
significant (each p<0-01), in mortality from inflammarory
heart disease, rheumatic heart disease, and pulmonary
embolism. .

Non-vascular mortality and usual blood pressure
Of the 120 000 deaths at ages 4089 years, about 60000
were atributed 10 non-vascular causes (rable 2) and 5000

Blood pressure index informativeness*

for prediction of

Strake IHD
Systalic blood pressure (SBP} ' 86% 83%
Diastolic btood pressure (DBP) a43% 73%
Pulse pressure |SHP-DBP) 3T% 43%
Mean arterlal pressure (2/3DBP+1/358F) 100% o7%
Mid bload pressure (1/25BP+1/2D8P) 100% 100%

*Informathvaness af the given index {as indicated by the ape-stratified y*
statlstie relattng it to cause-specific mortality}, as a percentage of the
infarmativeness of the mid bigod pressure. Age-specific values are provided in
apaendix D thnp:f/lmage.!helance:.com/extras/OlaﬂSBOOwenappendixD.ndf).
Table 3: Ratative abillty of different hlood pressure indices
(tneasured ance only) to predict stroke and ischaemic heart

disease {IHD) mortallty rates

report will describe the associations
1.0 of blood pressure with deaths
attributed to specific non-vascular
causes (some of which, such as renal
and hepatic diseases, may be
partially related to vascular disease).
But, at least down to about 115/75
mm Hg, there is no good evidence of
any net hazard atuiburable to lower
blood pressure.

Predictive power of different blood pressure indices
Using just the blood pressure measurements recorded in,
these studies at baseline (ie, without any allowance for
regression dilution), the relative abilities of a single
SBP measurcment, of a single DBP measurement, or of
some combination of them ro predict subsequent
monality from swoke or IHD at different ages were
assessed (table 3). This relative “informativeness” of a
given blood pressure index was esrimated from the age-
stratified x* stadstic relaring it to cauge-specific mortality.
For, within each particular ‘age range, the more
informative a particular blood pressure index is abour a
particular risk the Jarger the corresponding % statistc will
tand to be.

Of the indices considered, the most informarive about
stroke mortality is “mid blood: pressure” {defined as
1/28BP+1/2DBP}, party because any random measure-
ment errors that just affect SBP or that just affect DBP
are halved in calculating the average. By comparison,
measurements of SBP and of DBP are, respectively, only
89% and 83% as informative about stroke mortality as is
mid blood pressure, and pulse pressure is only 37% as
informadve. Mean arterial pressure (2/3DBP+1/3SBP)
is highly correlated with mid blood . pressure, and is
about as informarive. For [HD mortality, a similar
pattern is seen, although the superiority of a single
measurement of SBP over a single measurement of DBP
is more definite, Again, mid blood pressure is the mast
informative of these measurements, withh SBP 93% as
informative, DBP 73% as informartive, and pulse
pressure only 43% as informarive. If each decade of age
at death is considered scparately, then SBP is still a
much more informative index of stroke or IHD risk than
is pulse pressure, and again mid biood pressure is
siightly berter than SBP {derzils in appendix D;
htrp://image.thelancer.com/e xtras/01art8300
webappendixD.pdf). For, at a givern measured value of
SBP, the measured value of DBP is gtill very significantly
positively related (as in mid biood pressure), rather than
negatively related (as in pulse pressure), to sooke and to
IHD mortality.
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Discussion o
Continuous pasitive associations between blood pressure
and disezse risk

In the presemt mieta-analysis of data from 61 prospective
observatonal srudies on deaths from vascular disease

among individuals without known vascular discase ac

baseline (and in parallel analyses of the large MRETT
study), blood pressure is associated srongly with the age-
specific mortality rates from swuoke, almost as strongly
with the rortality rates from IHD and with those from
other vascular causes, and much less strongly (although
sall positvely) with the age-specific mortality rates from
the aggregate of all non-vascular causes. In general, a
20 mm Hg difference in usual SBP is approximately
equivalent in its hazards 10 a2 10 mm Hg difference in
usual DBP. These relationships with vascular mortality
contnue steeply down at least as far as a usual SBP of
115 mm Hg and a usual DBP of 75 mm Hg, below
which there is litle evidence. (Note that a single
measurement of 110/70 mm Hg would, in these
populations, indicate a usual biood pressure of just over
115/75 mm Hg [table | and appendix B], which lies
within the range of the steep dose-response
reladonship.) Throughout this blood pressure range, the
propordonal difference in risk associated with a given
absolure difference in usual blood pressure is simjlar at
all blood pressure levels (i, the relationship is
approximately log-linear). This refures the recent
suggestion that there might be a threshold level of SBP
at about 140-160 mm Hg (depending on age),” below
which lower blood pressure levels are not associared
with lower disease risks. Indeed, the vascular mortality
rates are only about half as great at 120 as at
140 mm Hg usual SBP, with no apparent ner adverse
effect on non-vascular mortaliry. i
The present analyses of the relevance of usual blood

pressure to cause-specific mortality show that the .

stengths  of these age-specific associations with
particular causes of death differ. By conrast, analyses of
the association af wusual blood pressure with the
aggregate of all causes of death® would tend 10 obscure
both the condnuous log-linear associations with
particular vascular causes of death and the much weaker
associations with non-vascular mortality, Consequently,
although misclassification of causes of death may have
some impsact on the observed associadens, such cause-
specific analyses are more informative than analyses of
all-cause mortality. Moreover, these analyses of cause-
specific mortality can be generalised more reliably to
different circumnstances in which the proportions of
.deaths due to pardcular causes differ from those in the
studies contributing to the present analyses.

Strength of associations after time-dependent correction
for regression dilution

After making time-dependent corrections for regression
dilution in these prospective studies, usual blood
pressure has been found to be more strongly related to
vascular disease risk than previousty estimated,
-particularly for deaths at oider ages. The proportional
differences in vascuiar mortality associated with a given
difference in blood pressure remain greater in middle
than in old age, but the absolute annual differences in
vascular mortality are greater at oider ages than in
middle age because the undetlying rates of vascular
disease are higher. The age-specific propertional
differences in vascular mortality are also about the same
for men and for women, and (in contrast with analyses
that combine information from widely different ages*)

are similar for haemorrhagic stroke and for ischaemic
stroke. Moreover, other risk faciors fsuch as blood
cholesterol, diabetes, smoking, and weight) were not
found to have any material influence on the proporiional
differences in vascular mortality associared with a given
absolute difference in usual bload pressure.

These analyses related the risks of death during a
particular decade of age to the estimated usual systolic
and diastolic blood pressure levels at the start of that
decade. The choice of which exposure period is most
appropriate depends on the rapidity with which a change
in the usual blood pressure would change the mortality
rates. If blood pressure levels over the previous decade or
50 are all of comparable relevance then it might be
appropriate (as in the present analyses) to relate risk o
the usual blood pressure abour 5 years before deach. At
least for swoke, however, the main changes in risk may
well oceur quite rapidly after a change in the usual blood
pressure (to judge from the substantial reductions in risk
observed within just a few years in randomised trials of
blood pressure lowering'®'"*). If so, then the present
analyses shouid perhaps have relared stroke mortality to
estimates of what the usual blood pressure levels would
have been (in the absence of any effects of disease)
shortly before death. In that case, the associations of
blood pressure with itk would be about one-sixth
stronger for usual SBP and one-third sronger for usual
DBP than in the present teport (as indicated by
comparison of the regression dilution ratios at the start of
cach age range with those at the middle of each age
range; see footnotes 10 table 1 and to able B2 in
appendix B),

If just one single measurement of blood pressure is to
be used to predict risk then, irrespecdve of age, the
measured SBP is slightly more informative than the
measured DBP, their average (ie, the mid blood
pressure} is slightly more informarive than either. alone,
and their difference (ie, the pulse pressure} is much less
informative, conrrary 4o the findings of some much
smaller studies.™"* Indeed, among people of a given age
whose measured SBP is the same, the pulse pressure is
actually inversely correlated with risk (because the
measured DBP is positively correlated with risk).

Implications for disease prevention

Among people with no previcus vascular disease
recorded, the usual blood pressure is positvely related
to the risks of death from vascular disease not only
among individuals who might be considered
hypertensive, but also among those who would usually
be considersd normotensive (at least down to usual
blood pressure ievels of 115/75 mm Hg}. Moreover,
throughout this range, lower blood pressure is also
associated with a slightly lower overall risk of death from
non-vascular causes, although some of this may
Tepresent  reverse  causality (eg, renal disease
exacerbaring hypertension) or misclassification of deaths
caused (at least in part) by vascular disease. Given the
continuous relationship observed berween blood
pressure and risk of death from vascular disease, the
absolute benefits of a lower blood pressure level are
likely zo be greatest for those at greatest absolute risk of
vascular disease, largely irrespective of their blood
pressure level (except insofar as it is one of the factors
that influences this risk). So, even though the present
meta~analysis did not include people who already had
some history of vascular disease recorded at baseline (in
order to avoid reverse causality, whereby established
discase reduces or increases the blood pressure), it may
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well be that those who are at high risk because of pre-
existing disease {or age, or other factors) would gain
particular benefit from lowering blood pressure, even if
they would currently be classified as normotensive. This
is supported by the limited. evidence available from
subgroups within meta-analyses of randomised trials of
blood-pressure-lowering treaunent'*? and by the
large-scale randomised evidence that is now emerging in
higher-risk sertings.'*"' Hence, blood-pressure-lowering
reatment should be considered for a wide range of
padents with evidence of occlusive vascular disesse,
largely irrespective of their current biood pressure or the
use of other medicarion.

Not only do the present anglyses confirm that there is a
continuous refationship with risk throughout the normal
range of usual blood pressure (down at least as far as
115/75 mm Hg), but they also demonstrate thar within
this range the usual blood pressure is even more strongly
related to vascular morrality than had previously been
supposed.”™ Randomised wrials (which typically last only a
few years) have shown that blood-pressure lowering can
produce rapid reductions in vascular disease risk,"" and
this meta-analysis of observational studies provides
complementary evidence of the even greater differances in
risk that are Likely to be produced by really prolonged
differences in blood pressure. For example, 2 10 mm Hg
lower usual SBP or 5 mm Hg lower usuz]l DBP (as have
typically been assessed in previous rendomised mials of
just a few years of blood pressure lowering*~"") would, in
the long term, be associated with aboutr 40% lower risk of
stroke death and about 30% lower risk of death from IHD
or other vascular causes throughout middle age (and with
only slightly smaller proportional differences at older
ages). Indeed, even a 2 mm Hg lower usual SBEP would
involve about 10% lower stroke monality and abour 7%
lower mortality from IHD. or other vascular causes in
middle age. 5o, for the general normotensive population,
producing persistent reductions in average blood pressure
of just a few mm Hg by some widely practicable methods
(such as, perhaps, reducing sodium intake in
manufactured foods™*) should avoid large absolure
numbers of premature deaths and disabling swokes,*
especially in places that, perhaps for other reasons, have
relatively high stroke rates (such as Northern China™) or
high THD rates (such as Eastern Europe®),
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Uses of error

Brugada syndrome
S R Vavricka, A Himmelmann, A Schaffner

A 50-year-old white man in previously good health was
found unresponsive on the street by a bystander. Lay
cardiopulmonary resuscitation was started and para-
medics were called. The squad found the patient in
ventricuilar fibrillation. .

Defibriliation was successful without neurological
sequelae. In hospital serum elecoolytes were normal. At
cardiac catheterisation a normal ventriculography and
normal  ceronary arteries were found. The ECG
demonstrated normal sinus rhythm with normai PR, QT,
and QTc intervals. However, wec suspected Brugada
syndrome because of ST-segmenr elevation in V1 and
V2 and an ‘incomplete right bundle-branch block.
Furthermore lefi-axis deviation was present. Therefore,
we implanted a cardioverter defibrillator (ICD) on the
sixth day of hospitalisation. Because of oxygenation
problems computed tomography was done on the fourth
day of hospiralisation which showed a paracentral
embolism in the right pulmonary artery originaring from
-a deep venous thrombosis. We started ceatment with low
maolecular weight heparin. ECG on day five showed
disappearance of the ST-segment elevation and the
incompleté right bundle-branch block. 20 months after
implantation of the ICD the patient feeis fine and there

has been no discharge of the ICD to the present day. A
thrombopkhilia screen including APC-resistance, protein
C and S deficiency, and fbrinogen murtation were
negative,

Brugada syndrome is.a recognised cause of ventricular
fibrillation in the absence of structura} heart disease, for
which there are no stringent diagnostic criteria. Typical
ECG findings are ST-segment elevation in the right
precordial leads and a rght bundle branch block. Other
causes must be ruled our before implanting an ICD. As
with the long QT syndrome, prevalence is estimared to
be 1 per 5000. Currendy, an ICD is the only effecrive
therapy 1o prevenr sudden death. Therefore, not least
because of cost-effectiveness, an unequivocat diagnostic
definition of this life-threatening syndrome is needed.
Nevertheless, Brugada syndrome is currently a diagnosis
of exclusion and the pessibility of soructural or coronary
heart disease, or pulmonary embolism should first be
pursued. Pulmonary embolism cap lead to ECG-changes
such as 5T-segment elevation and right bundle branch
block and thus mimic Brugada syndrome.

Our case also demonstrates that the focus of over-
specialisation sometimes results in dramaric increases in
health-care costs.

Department of Irtemal Medicine, University Hospital 8091, Zurich, Switzerland (S R Vavricka Mo, A Himmeimann mo, A Schaffner mo)
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Introduction

Poorly controlled hypertension is associated with an
increased risk of cardiovascular events including

Atticle 4776/359913

ABSTRACT

Background: Most patients with hypertension require more
than one drug to attaln recommended biood pressure (BP)
targets. Inltiating therapy with two agents is recommendsd
for patients at high risk of a cardiovascular event or with a
BP> 20/10 mmHg above goal. Comblination therapy is
eftective when comprised of agents with complementary
rechanisms of action, such as calcium channel biockers
(CCBs) and angictansin ll-receptor blockers (AABs). Two
fixed-dose CCB/ARB combinations are approved in the US:

amiodipine/valsartan (AMLAV/AL) and amiodipine/olmesar-

tan medoxomil (AML/OM),

Objactives: To raview and describe the afficacy of AML/
VAL and AML/OM combinations by discussing simiiarly
designed clinical trials.

Methods: Three B-week, randomized, double-biing,
placebo-controlled, paraligl-group factorial-design studies
were examined (two AMLVAL: one AML/OM). The study
endpoints presented in this review wera: change from
basellne in least-squares mean seated dlasiolic BP {SeDBP)
and least-squares mean seated systalic BP (5eS8P). In
addition to the efficacies of AMLVAL and AML/OM com-
binations, the efficacies of AML, VAL and OM administered
as monotherapy.are presented. Plagebo-subtracted AP
reductions were caiculated for this reviaw,

Resuits: Patient demographics wers similar but mean
basaline SeBP was higher in the OM study

stroke, renal failure, and coronary artery disease'™.

N
{163.8/701.6 mmHg) than in the VAL studies (152.8/99,3
and 156.7/99.1 mmHg), possibly suggesting that the
OM study incleded a more difficult-to-ireat patiem
population. AML/ARB combinations consistently
produced greater mean SeBP reductions than
monotherapy. Least squares (LS) mean Se0BP reductions
were 19.4 mmHg (AML/OM 1040 mg; placebo-comected:
15.8 mmig) and 18.6 mmHg (AML/VAL 107320 mg;
placebo-corrected: 9.8 mmHg), LS mean SeSBP reductions
were 28.5 mmHg (AML/OM 10/40 mg; placeba-comegted:
25.7 mmHg) and 28.4 mmHg (AMLVAL 10/320 mg;
placebo-comected: 15.5 mmg). o
Conclusians: This review of published fagtorial-
design studles showed that the maximal marketed
doses of an amlodipine/oimesartan medoxornil ]
combination (10/40 mg) and an amlodipine/valsartan
comblnation (10/320 mg) produced large reductions in
BP from baseline. Limitations of this review include the
small number of studles analyzed and the inharant
heterogeneity between patlent populations. Further
research is warmanted to directty compare the
efficacy of these combinations In a randomized,
controlied trial, or additional published clinical trials are
requlred to provide larger data sets for robust meta-
analyses and to overcome heterogeneity cbserved
within these studies.

3

Cardiovascular mortality risk has been shown to

double with every 20/10mmHg increase in blood
pressure (BP) above 115/7SmmHg'. Despite the
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availability of effective antihypertensive agents, high
BP remains poorly controlled and the prevalence of
hypertension continues to be unacceptably high*.
Current practice guidelines recommend 2 goal BP of
<140/90mmHg for the general population with
hypertension and < 130/80 mmHg for patients at high
cardiovascular risk, including those with diabetesS.

The rajority of patients with hypertension will
require at least two antihypertensive agents to achieve
recommended BP goals®. For patients at high risk of a
cardiovascular event or those with BP >20/10 mmHg
above goal, practice guidelines advise initiating therapy
with two agents?>. To obtain the best possible results,
in terms of both maximization of BP lowering and
" minimization of adverse events, combination therapy
should, in-principle, be comprised of agents with com-
plementary mechanisms of action®S®, Angiotensin
receptor blockers (ARBs) and dihydropyridine calcium
channel blockers (CCBs) are effective classes of antihy-
pertensive agents with distinct and complementary
mechanisms of action®#'° CCB/ARR fixed-dose com-
binations are, therefore, emerging as a rational treat-
ment option. Two such combinations, an amlodipine/
valsartan fixed-dose combination and an amlodipine/
olmesartan medoxomil fixed-dose combination, are
avzilable and approved in the US.

To date, three factorial-design studies” have been
undertaken in relation to CCRBs in combination with
an ARB'!*2. Twa of these studies investigated amlod;-
pine and valsartan'?, and the other tnvestigated amlo-
dipine and olmesartan medoxomil'! Factorial studies
are designed to.evaluate whether a specific combina-
tion therapy is more effective than either of the indivi-
dual components used as monotherapy, These studies
have confirmed that combination CCB/ARB therapy
is more effective than either agent alone. To derive
information about the relative efficacy of CCB/ARB
combinations and their constituent cornponents, in
the absence of direct head-to-head trials and given the
similar design of factorial studies and the comparable
patient population, we conducted 2 comparative
review of results frarn the available factorial studies.

Methods

The primary efficacy endpoint in all swudies was the
change from baseline in mean seated diastolic blood
pressure (5eDBP) at week 8. Change fromn baseline in
mean seated systolic blood pressure (SeSBP) was a sec-
ondary endpoint. The combined goal BP in the olme-
sartan medoxomil study was < ]40/90 mmHg for most
patients or < 130/80 mmHg for patients with diabetes.
In the valsartan studies, BP response rate was defined

178 Amiodipme combined with elmesartan medoxami or valsartan

as 5eDBP <90mmHg or a > 10-mmHg decrease

from baseline. In all three studies, BP measurements

were taken after the patient had been sitting for 3 min-

utes. Safety profiles were assessed via monitering of

adverse events, hematology and biochemistry para-

meters, vital signs, physical exsminatigns, and 12-lead

electrocardiography. The olmesartan medoxomil study

Was umique in that the protocol specified that the

occurrence and severity of peripheral edema be proac-

tively assessed at each visit on 2 S-point severity scale

(no edema=0; mild pitting/slight indentation=1:"
moderate pitting/moderate indentation = 2; deep pit-

ting/indentation remains=3: deep pitting/leg remains

swollen=4}""_ In the valsartan studies, the severity of
peripheral edema was not proactively assessed or spe-

cifically reported!2,

Results
Study design

All three studies were randomized, double-blind,
placebo-controlied, parallel-group trials of 8 weeks’
duration (Table 1). The olmesartan medoxomil study
was a multicenter US study. Valsartan study 1 was a
multinational  study (Belgium, Canada, France,
GCermany, Mexico and the US), as was valsartan study
2 (Egypt, France, Germany, Korea, Malaysia, Norway,
Peru, Portugal, Spain and Taiwan). All studies were
conducted according to good clinical practice guide-
lines and in compliance with the Declaration of
Helsinki. Each study received institutional review
board or ethical review committee approval, and all
patients  followed procedures ensuring written
informed consent.

Inclusion criteria were the same for bath valsartan
studies: patients aged >18 years with mean SeDBP
295 and <110mmHg. Patients included in the olme-

- sartan medoxomil study were permitted to have a

higher grade of hypertension (allowable SeDBP range
of 95-120mmHg) than thase in the valsartan studies.
Patients with mean SeSBP 2 180 mmHg were excluded
from the valsartan studies. SeSBP <90mmHg was not
permitted at any point throughout the olmesartan
medoxomil study, but maximum allowable SeSBP
was left to the discretion of the investigator. Patients
with a history of cardioyascular disease or diabetes
requiring insulin treatment or poorly controlled type
2 diabetes (fasting glycosylated hemoglobin > 8% at
visit 1) were excluded from all of the studjes.

All three studies had a 2-week washout phase during
which patients discontinued any antihypertensive
agents. The two valsartan studies also included a 2- to
4-week single-blind placebo run-in period before the
double-blind active treatment phase. The oimesartan

© 2009 Informa UK Lid - Curr Moo Res Ooin 2000; 250}



Table 1. Design and methodology of the amlodipine/ARB factorial studies

Study design

Orug combination

Entry criteria

Treatment arms/drug Primary efficacy

Amiodipine/olmesartan Muiticenter, randg-

“medoxomil'! mized, double-
blind, placebg-
controlled 4 x 3
factorial design
Amlodipine/valsartan'? Multicenter, rando-
(study 1) mized, double-

‘ blind, placebo-con-
trolled 5 x 3 facror-

ial design

Amlodipine/valsartan'? Multicenter, rande-
P

(study 2) " mized, double-
: blind, placebo-
controlled 3 x 2

factorial design -

3eDBP 95-120 mmHg

SeDBP > 95 and
< [ 10mmHg

S5eDBP > 95 and
<110mmHg

doses endpoint
Placebo Change from base-
AML 5 or 10 mg line in mean
OM 10, 20, or 40 mg SeDBP at week 8

AML/OM 5/10, 5720,
3740, 1/10, 10720, or
10/40mg

Placebo
AML 2.5 or Smg
VAL 40, 80, 160, or
320mg
AML/VAL 2.5/40,
2.5/80, 2.5/320, 5/40,
5/80, 5/160, or 2.5/160

Change from base-
line in mean
SeDBP at week 8

(1 week) —
5/320mg

Placeba Change from base-
AML 10 mg line in mean
VAL 160 or 320 mg 5eDBP at week 8

AML/VAL 107150,
5/160 (1 week) —
10/320mg

AML, amiodipine; ARB. angiotensin receptor blocker; OM, olmesartan medoxomil; SeDBP, scated diastolic blood pressure; VAL, valsartan

medoxomil study employed 2 4 x 3 factorial design in
which 1940 patients were randomized to one of 12
treatment groups: placebo, olmesartan medoxormil
10, 20, or 40mg/day, amiodipine 5 or 10mg/day, or
combination therapy with one of the six possible com-
binations of active drug, Valsartan study 1 employed a
5 x 3 factorial design in which 1911 patients were ran-
domized to one of 15 groups: placebo, valsartan 40, 80,
160, or 320 mg/day, amlodipine 2.5 or Smg/day, or
combination therapy with one of the eight possible
combinations of active drug. Valsartan study 2
employed a 3 x2 factorial design in which 1250
patients were randomized to one of six treatment
groups: placebo, valsartan 160 or 320 mg/day, arnlodi-
pine 10mg/day, or combination therapy with one of
the two possible active drug combinations. To mini-
mize the potential for orthostatic adverse events,
patients randomized to receive amlodipine 5 or
10mg/day plus valsartan 320 mg/day underwent
forced titration after 1 week of treatment with amlodi-
pine 2.5 or 5 mg/day plus valsartan 160 mg/day.

Patients
A total of 1940 patients were randomized to treatment

in the olmesartan medoxomil study and 1911 and 1250

€ 200% Informa UK - Curr Med Res Open 2008; 250)

patients in valsartan studies 1 and 2, respectively.
Demographic characteristics of patients in the three
studies are shown in Table 2. In light of the BP inclusion
criteria, not surprisingly, the mean SeBP was highest in
the olmesartan medoxomil study (163.8/101.6 mmHg
vs. 152.8/99.3 and 156.7/99.1 mmHg in the two val-
sartan studies). Although the patients in the olmesartan
medoxomil study would be predominaniy described as
a stage 2 hypertension population {(SBP =160 mmHg
or DBP > 100mmHg) and patients in the valsartan
studies would be predominantly described as a stage 1
hypertension population (SBP 140-159 mmHg or DBP
90-99 mmHg) standard deviations for these values
were not provided and substantial heterogeneity is
likely to exist. '

The gender ratios were similar among the studies
with the proportion of men ranging from 50.3% in
the valsartan study 2 o 54.3% in the olmesartan
medoxomil study. The mean age ranged from 34 in
the olmesartan medoxomi) study and valsartan study
1 to 57 in valsartan study 2. Patients aged = 65 yeats
comprised 18.2% and 28.6% of patients in the valsartan
studies | and 2, respectively, and 19.8% of patients in
the olmesartan medoxomil study. The mean weight of
patients was highest in the olmesartan medoxomil
study (95.1 kg vs. 88.8-76, 7 kg inthe valsartan studies).
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Two-thirds of patients in the olmesartan medoxomil
study were overweight or obese (body mass index
[BMI] > 30kg/m?) with a mean BMI of approximately
33.5kg/m? and the combined mean BMI for the two
valsartan studies was 29.8kg/m?. The proportion of
white patients ranged from 71.4% in the olmesartan .
medoxomil study to 79% in the valsartan studies with
the olmesartan medoxomil study having the highest
proportion of black patients (24.8 vs. 10.4% in valsar-
tan study 1 and 0.4% in valsartan study 2). Patients with
diabetes comprised 13.5% of patients in the olmesartan
medoxomil study, The proportion of patients with dia-
betes was not reported in either of the valsartan studies.
At baseline, 13.6% of patients in the olmesartan
medoxomil study had peripheral edema. Edema was
not reported at baseline as part of the valsartan studies.

Review of the evidence of efficacy

The primary population for analysis in both studies was
the intent-to-treat (ITT) population (all randomized
patients who had a baseline BP measurement and > |
post-baseline BP measurement after taking double-
blind study medication). Standard errors of the mean
(SE) were reported individually for each dosage in the
olmesartan-based study and were pooled for SeDBP
and 8eSBP reductions in the valsartan-based studies.

SeDBP

Placebo was associated with least squares (LS) mean
reductions in SeDBP that ranged from 3.5 mmHg
(SE 0.75} in the olmesartan medoxemnil  study
(Figure 1) to 6.8 (SE 0.65-0.67) and 8.8mmHg
(SE 0.62-0.63) in valsartan studies | and 2, respectively
(Figures 2 and 3)'2

All active treatments produced greater LS rnean
SeDBP reductions than placebo. For the purposes of
this overview, placebo-corrected values were calcu-
lated and presented. For monotherapy with amlodipine
5mg, the LS mean reducton in SeDBP  was
10.0mmHg (SE 0.75) in the olmesartan study and
11.5mmHg in the valsartan study 1 (SE 0.65-0.67)
(placebo-corrected values of 6.5 and 4.7 mmHg,
respectively}. For monotherapy with amlodipine
10mg, the LS mean reduction in SeDBP was
13.3mmHg (SE 0.74) in the olmesartan study and
t5.6 mmHg (SE 0.62-0.63) in the valsartan study 2
(placebo-corrected values of 9.8 and 6.8 mmHg,
respectively} (Table 3). Olmesartan medoxomil pro-
duced LS mean reductions ranging from 8.8 mmHg
(SE 0.75) with the 10-mg dose to 10.9 mmHg (SE
0.75) with the 40-mg dose {placebo-corrected values
of 5.3-7.4 mmHg), and valsartan produced LS mean
reductions ranging from 10,1 mmHg (SE 0.65-0.67)
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COACH Study

SeDBP reductian {mmHg)

{mg)

Olmesartan dosa {mg)

COACH Study
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Amiodipine dose
(mg)

SeSBP reduction {(mmHg)
r

20 o

Qimesartan dose (myg)

Figure 1. LS mean reductions in 5¢eDBP and SeSBP
in patients treated with markered dosages of
amlodipine + olmesartan medoxomil'!

with the 40-mg dose to 13.4 mmHg (SE 0.62-0.63)
with the 320-mg dose (placebo-corrected values of
3.3-6.6 mmHg) (Table 4).

With the exceprion of the lowest amlodipine/valsar-
tan (2.5mg/40mg) dose pairing, all the amlodipine/
ARB combinations consistently produced greater low-
ering of SeDBP than monotherapy with component
agents. In relation to combination therapy in the olme-
sartan medoxomil study, LS mean SeDBP reductions
ranged from 143 mmHg (SE 0.74) with amlodipine
5mg/olmesartan - 10mg to 194 mmHg (SE 0.74)
with amlodipine 10 mg/olmesartan medoxomil 40 mg
{placebo-corrected  values of 10.8-15.9 mmHg)
(Table 5). In the valsartan studies, LS mean reductions
ranged from 10.8mmHg (SE 0.65-0.67) with amlodi-
pine 2.5 mg/valsartan 40 mg to 18.6 mmHg (SE 0.62-
0.63) with amiodipine 10mg/valsartan 320mg
(placebo-corrected values of 4.0-9.8 mmHg).

SeS8rP

LS mean reductions in SeSBP associated with placebo
ranged from 2.8 mmHg (SE 1.25) in the olmesartan

< 2008 orme UK - Cuer ed Fee Opin 2008; 2509
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Figure 2, LS mean reductions in SeDBP and SeSBP
in patients ireated with marketed dosages of
amlodipine + valsartan (study 1)'?

medoxomil study (Figure 1) to 6.7 mmHg
(SE 1.03-1.06) in valsartan study | and 12.9 mmHg
(SE 0.96-0.97) in valsartan study 2 (Figures 2 and 3).
For monotherapy with amlodipine, the L.S mean reduc-
tion was 14.3mmHg (SE 1.24) in the olmesartan
medoxomil study and 15.1 mmHg (SE 1.03-1.06} in
valsartan study 1 (placebo-corrected values of 11.5
and 8.4mmHg) for the 5-mg dose and from
18.9 mmHg (SE 1.23) in the olmesartan medoxomil
study to 24.ImmHg (SE 0.96-0.97) in valsartan
study 2 (placebo-corrected values of 16.1 and
11.2mmHg) for the 10-mg dose (Table 3}.
Olmesartan medoxomil produced LS mean SBP
reductions of 10.9 mmHg (SE 1.24) with the 10-mg
dose and 15.4mmHg (SE 1.24) with the 40-mg dose
(placebo-corrected values of 8.1-12.6 mmHg), and
valsartan  produced reductions of 11.8 mmHg

- (SE 1.03~1.06) with the 40-mg dose and 19.8 mmHg

(SE 096-0.97) with the 320-mg dose (placebo-
corrected values of 5.1-6.9mmHg) (Table 4). LS
mean reductions in SeSBP were greater with combina-
tion therapy than with any agent given alone. In.
relation to combination therapy in the olmesartan
medoxomil study, LS mean SeSBP reductions ranged

Amiodiping combined with oimasartan medoxomil or valsartan Ram 181



from 22.6mmHg (SE 1.24) with amiodipine
5 mg/olmesartan ‘medoxomil 20mg to 28.5 mmHg
(SE  1.24) with amlodipine 10 mg/oimesartan
medoxomil 40 mg {placebo-corrected values of 19 8-
25.7mmHg) (Table 5). In the valsartan studies, LS
mean reductions ranged from 15.SmmHg (SE
1.03-1.06) with amlodipine 2.5mg/valsartan 40 mg
to 28.4mmHg (SE 0.96-0.97) with amlodipine
10mg/vaisartan 320mg (placebo-corrected values of
8.8-15.5 mmHg).

Attainment of BP goals

As with reductions in SeBP, goal BP {<140/90 mmHg
or < 130/80 mmHg for patients with diabetes in the

Philipp &t at, Shudy 2

SeDBP raduction (mmHg)

Amlodipine dose
{mg)

. 0
Valsanan dosa {mg)

Phllipp et ai,, Study 2

SeSBP reduction {mmHg)

Amiodipine dose
(mg)

Valsartan dose {mg)

Figure 3. LS mean reductions in SeDBP and SeS8P
in patients treated with marketed dosages of
amlodipine + valsartan (study 2)'?

[N
[

.

olmesartan medoxomil study) was achieved to the
greatest extent in the combination therapy arms. At
week 8, approximately 49.1-53.2% of patients treated
with the higher dose amlodipine and olmesartan com-
bination therapies reached their BP goal'!"'2, Bearing in
mind the relatively stringent definition of BP control in
the olmesartan medoxomil study, the proportion of
patients achieving goal DBP (<90 mmHg) was 77.6%
with amlodipine/almesartan medoxomil 10740 mg and
84.1% with amlodipine/valsartan 10/320 mg'!2,

Review of the evidence of the safety
profies of the two combinations

The amlodipine/ARB combinations were well-
tolerated, with no unexpected safety concems. The
inddence of peripheral edemna (the most common
adverse event in all studies) was lower with combina-
tion therapy than with amlodipine monotherapy. The
incidence of peripheral edema significantly decreased
from 36.8% with amlodipine 10mg monotherapy to
23.5% when combined with olmesartan medoxomil

~ 40mg (p=0.011). Most occurrences of edema were

of mild-to-moderate severity. The incidence of periph-
eral edema in valsartan studies was not broken down
into dosage groups and was not as rigorously examined
as in the olmesartan medoxomil study (overall
incidence decreased from 8.7% with amlodipine
monotherapy to 5.4% with combination amlodipine/
valsartan, p <0.05).

Other common adverse events in the olmesartan
medoxomil study included headache {6.7%), dizziness
{3.9%), and fatigue (3.2%), none of which showed con-
sistent differences among active treatment groups.
Other common adverse events in the valsartan studies
included headache (5.1%); nasopharyngitis (3.8%),
upper respiratory tract infection (2.3%), and dizziness
{2.0%). The incidence of headache was significantly
lower in the amlodipine/valsartan combination therapy
arm compared with amlodipine monotherapy (4.3 vs.
7.6%, respectively; p<0.05). The overall incidence
of orthostatic hypotension was low in all studies
(0.3-0.5%). With regard to laboratory parameters,

Table 3. LS mean reductions in SeDBP and SeSBP after 8 weeks of treatment with amlod ipine .monorherapy in factorial studies

Amlodipine SeDBP, mmHg (placebo-corrected) 5eSBP, mmHg (placebo-corrected)
doses
Chrysant Philipp et al. Philipp e al. Chrysant " Philipp et al. Fhilipp et al.
etal study 1'2 study 2'? etal' . study 1'2 study 2'2
2.5mg NA -93 (-2.5) NA NA ~12.4 (=5.7) NA
5 mg ~10.0(~6.5)  —11.5 (-4.7) NA ~143(=11.5)  ~15.1 (~8.4) NA
10mg ~13.3 (-9.9) NA ~156 (-6.8)  ~189 (~16.1) NA —24.1 (=11.2)

1.5, least squares; NA, not applicable; SeDBP, seated diastolic blood pressure: $eSBP, seared systalic biood pressure
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€ 200G domma UK LE2 - Curr Meo Aes Oon 2008; 2541



RN

Table 4. LS mean reductions in 5eDBP and SeSBP after 8 weeks of treatment with ARB monotherapy in factorial studies

ARB SeDBP, mmHg (placebo-correcied) SeSBP, mmHyg (placebo-corrected)
Chrysant et al '! Philipp er al. Philipp er al. Chrysant er al."! Philipp et al Fhilipp et al.
study 1_'2 study 272 study 1'2 study 22
Olmesartan
10mg -8.8(-5.3) — —10.9 (-8.1) - —_
20mg ~-9.9 (-6.4) — -12.8 (-10.0} — —
40mg ~10.9 (~7.4) — =154 (-12.6) — —
Valsartan .
40mg - -10.1 (-3.3) NA — -11.8 (-5.1) NA
80mg - -08.7 (-2.9) NA — -12.9 (-6.2) NA
160mg : - -11.0(-4.2)  —13.3(-4.3) - —151 (-84) -202(-7.3)
 320mg - ~134 (-6.6) —13.3 (—4.5) — =157 (-9.0) -19.8 (-6.9)

ARB, angiotensin recepror hlocker; LS, leastsquares; NA, not applicable: SeDBP. seated diastolic hlood pressure; SeSBP, seaced systalic blood pressure

' Table 5. LS mean reductions in SeDBP and SeSBP after 8

weeks of reatment with amlodipine/ARB in factorial studies

studies {mean baseline SeSBP 163.8mmHg  vs.:
>eDBP. mmHg  SeSBP, mmkig 152.8-156.7 mmHg). Note that, relative to DBP, goal
(placebo- (placeba- . . . . .
corrected) corrected) SBP is pamculellrly.dxfﬁcult to obtain, requiring drug
doses and combinations that go beyond those necessary
Amlodipine/olmesartan for control of DBP'3. Mean baseline SeSBP was rela-
medoxomil tively high in the olmesartan medoxomil study,
Smg/10mg -14.3(~10.8) -22.6 (—19.8) and SBP was included in the definition of goal BP
10mg/10mg =16.7(~13.2) -24.8 (-22.09 (<140/90 mmHg or <« 130/80mmHMg for patients
Smg/20 mg —14.6(-11.1) -22.6(-19.8) with diabetes), whereas the only goal-related results
H0 mg/20 mg —i7.7(-142) -28.1(-25.3} reported in the valsartan studies were response rates
5mg/40mg —163(-128) -25.1 (-22.3) defined as DBP < 90 mmHg or a > 10 mmHg reduction
[0 mg/40mg ~19.4(~159) -28.5 (-25.7) from baseline and control rates  defined as
Amlodipine/valsartan DBF <30 mmHg.
2.5mg/40 mg —10.8(-4.0)  -15.5(-8.8) The mean baseline DBP was 99.3 and 99, mmHg in
5 mg/40mg —-146(~78) —19.6(-12.9) the valsartan study 1 and study 2, respectively.
2.5mg/80mg -134(-68 -i7.0(-10.3) Olmesartan medoxomil study patients started with a
5 mg/80 mg ~14.5(-77) <208 (-14.1} higher baseline mean DBP of 101.6 mmHg. -
2.5mg/160mg =13.3(-6.5) ~16.7 (~10.0) Consequently, a greater reduction in DBP was neces-
5mg/160mg ~14.2(-74) -19.5(~12.8) sary in the olmesartan medoxomil study population in
10mg/160 mg —17.6(-8.8) -27.8(-14.9) order to achieve a DBP goal of <50 mmHg, As would
'2.5mg/320mg —-42(~74) -183(-11.6) be expected from these discrepancies, proportions of
Smg/320mg -15.9(-31) 227 (-16.0 patients achieving their target DBP were relatively
10 mg/320mg -18.6 (-9.8) -28.4 (-155) high with amlodipine/valsartan versus the proportions

ARB. angiotensin rcceptor blocker; LS, least squares; SeDBP,
seated djastolic blood pressure; SeSBP, seated systolic blood
pressure

there were no clinically significant differences between
treatment groups.

Discussion

A notable difference between the studies was the
inclusion criteria, which led to a patient population

£ 2008 tMorme UK - Curr Maed Res Ognh 200g; 251

with more severe systolic hypertension in the olmesar-
tan medoxomil study compared with the valsartan

of patients achieving target SBP/DBP with amlodipine/
olmesartan medoxomil.

Placebo response was greater in the valsartan studies
(LS mean SBP reduction of 6.7 and 12.9 mmHg in
study 1 and 2, respectively; and LS mean DBP reduc-
tion of 6.8 and 8.8 mmHy in study 1 and 2, respec-
tively) compared with the olmesartan medoxormi)
study (LS mean SBP reduction of 2.8 mmHg and LS
mean DBP reduction of 3.5 mmHMe). In the valsartan
studies, patients randomized to the maximum dose
combination were started with | week of ammlodipine
2.5mg (study 1) or amlodipine Smg (study 2) and

Amlodiping combined with olmesartan medoxamnif or valsartan  Ram 183



valsartan 160 mg, then up-titrated. In contrast, patients
in the olmesartan medoxomil study were immediately
randomized to the maximum dose combination. This
variation in treatment administration, and differences
in washout protocols prior to study entry, may be a
source of heterogeneity between the studies and in
the patients' responses to therapy.

The demographics of patients differed substantially
in the racial composition and BMI status hetween
studies. These differences between study populations

may potentially have had an impact upon BP-lowering:

efficacy due to the increased preponderance of diffi-
cult-to-treat patients in the olmesartan study as
opposed to the valsartan studies. For example, hyper-
tension management in obese individuals, who were
greater in number in the olmesartan medoxomil
study, is complicated by poorer response to treatment,
and the increased need for multiple medications!*.
The differences in patient demographics should be
considered when interpreting the observation that BP
lowering in the olmesartan study was remarkably simi-
lar to that seen in the valsartan studies. Differences in
demographics may also have accounted for the larger
BP decreases in patients receiving placebo in the valsar-
tan studies. The studies also recruited patients from
different geographical areas, and lifestyle or dietary fac-
tors may also have contributed to heterogeneity
~ between the studies. Inclusion and exclusion criteria
were also different between the studies. For example,
cansumption of more than one pack of cigarettes per

day was a criterion for exclusion from the olmesartan .

study but apparently not the valsartan studies.

However, generally the results of this analysis show
that the BP-lowering efficacy of low- and high-dose
combination amlodipine/olmesartan medoxomil and
amlodipine/valsartan are at least comparable. At the
maximal dose, amlodipine 10 mg/olmesartan medoxo-
mil 40mg provided the largest placebo-corrected
reductions in both LS mean SeDBP and SeSBP
(15.9 and 25.7 mmHg, respectively, as opposed to 9.8
and 15.5mmHg, respectively, with maximal dose
amlodipine 10 mg/valsartan 320 mg).

At lower doses, reductions in SeSBP tended to be
greater with amlodipine/olmesartan medoxomil versus
amlodipine/valsartan. As opposed to increasing the dose
of a single agent, administering a combination of agents
with complementary maodes of action may result in better
BP-lowering efficacy and improved adverse events pro-
file®. CCBs can stimulate release of renin and increased
sympathetic outflow, which is blunted by the addition of
a renin-angiotensin-blocking agent, such as an ARB®. As
opposed to monotherapy, efficacy was enhanced by
CCB/ARB combination therapy in these factorial studies
(additive activity consistent with the complementary

184 Amiagiping combined with olmesartan medoxomi! or valsartan

mechanisms described above). Note, however, that corri
bined therapy with valsartan 160 mg in combination with
amlodipine 10mg has been reported to be unable to
attenuate amlodipine-induced sympathetic activation'®.
Itis notclear whether differences between the ARBs with
respect to attenuation of amlodipine-induced sympa-
thetic activation could help to explain the difference in
BP-lowering efficacy between different amlodipine/ARB
combinations. Such a hypothesis requires prospective
validation. '

In terms of complementary mechanisms in relation
to ARBs, thiazide diuretics represent another rational
add-on class of antihypertensive®®. Administration of a
diuretic potentiates a similar cascade of evenis to that
of 2 CCB%. In the same way that the current review of
factorial-design amlodipine/ARB studies supports the
rational use of this combination therapy for patients
with hypertension, a previously conducted review of
factorial-design ARB/HCTZ (hydrochlorothiazide)
studies supports the rational use of ARB/HCTZ com-
bination therapy'®. Note that, in the review of ARB/
HCTZ combinations, high-dose olmesartan 40 mg/
HCTZ 25mg was assaciated with the greatest pla-
cebo-corrected reduction in BP as opposed to other
ARB/HCTZ combinations involving irbesartan, telmi-
sartan or valsartan'®, This finding is consistent with
findings related to amlodipine/olmesartan medoxomil
versus amlodipine/valsartan in the current review.

Differences between placebo-corrected BP changes
in amlodipine monotherapy-treated patients may be
due in part to the higher mean baseline BP of patients
entering the olmesartan study (Table 2). As well as
reviewing the antihypertensive effects of different
amlodipine/ARB combination therapies, this compari-
son also provided information on the comparative eff-
cacy of ARB monotherapies. For example, olmesartan
medoxomil 40mg produced a placebo-corrected LS
mean reduction in SeDBP of 7.4 mmHg, 2nd valsartan
320 mg produced placebo-corrected LS mean reduc-
tions of 6.6 and 4.5mmHg in valsartan studies ]
and 2. As well as improving efficacy, administering a
combination of agents with complementary modes of

~ action may also result in an improved adverse events

profile®. Risk of edema with CCBs can be ascribed to
potent unopposed arterial vasodilation'’, but this can -
be counterbalanced by dilation of the venous circuia-
tion with renin-angiotensin system blockade® In the
amlodipine/olmesartan medoxomil and amlodipine/
valsartan factorial studies, safety profiles of both com-
bination therapies were consistent with the known
pharmacologic properties of each of their components,
and amledipine-induced peripheral edema was par-
tially reduced by combining with an ARB at some
dose combinations.
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Conclusions

This comparison of findings from the literature sup-
ports the rational use of amlodipine/ARB combination
therapy for patients with hypertension. Contextual
comparison of the combinations of amlodipine/
olmesartan medoxomil and amlodipine/valsartan eval-
uated in similarly designed factorial studies revealed
that BP was effectively reduced at the maximal mar-
keted doses of 10 mg/40 mg and 10mg/320 mg, respec-
tively. This comparisan of findings is limited by the
small number of studies analyzed and differences
between patient populations. Determination of which
of the two combinations is more efficacious could be
achieved by a meta-analysis comprising further pub-
lished studies. Such an analysis would negate many of
the sources of heterogeneity inherent within the three
studies compared here, Due to the current unavailabil-
ity of additional study data, an alternative would be a
clinical study eﬁcompassing a direct head-to-head tria
of amlodipine 10 mg/olmesartan medoxom;] 40mg
with the maximal marketed dose of amlodipine
t0mg/valsartan 320mg in order to eliminate poten-
tially confounding aspects of the current analysis,
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