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Señor

DIRECTOR DIVISIÓN DE NUEVAS CREACIONES 

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO 

E. S. D.

REF: Expediente No. 11 130.828- solicitud de patente de invención a

favor de EISAI R&D MANAGEMENT CO., LTD. Título 

COMPOSICIÓN DE LIPOSOMA QUE CONTIENE ERIBULINA Y/O  

SU SAL FARMACOLÓGICAMENTE PERMISIBLE.

RESPUESTA A EXAMEN DE FONDO

JUAN PABLO CADENA SARMIENTO, portador de la tarjeta profesional No. 57.492 del 

C.S.J., obrando como apoderado de la sociedad solicitante me permito dar respuesta al 

oficio número 13262 relacionado con la patentabilidad de la presente invención y 

notificado por fijación en lista el 30 de Julio de 2013.

De manera atenta nos permitimos rem itir a su Despacho los siguientes documentos, 

adjuntos al presente memorial:

i. Un nuevo capítulo descriptivo, en donde se modificaron las expresiones 

“hidruro de sodio", "hidruro de potasio" y "ácido glutamínico", reemplazándolas 

respectivamente por "hidróxido de sodio", "hidróxido de potasio" y "ácido 

glutámico", lo cual soluciona tales errores de traducción, lo cual no supone 

ninguna ampliación de la materia divulgada en concordancia con la respectiva 

solicitud internacional (Párrafos [0018], [0027], [0042] y [0050] de la solicitud 

PCT/JP2010/055770).

ii. Un nuevo pliego reivindicatorio compuesto de catorce (14) reivindicaciones, 

las cuales encuentran total sustento en el capítulo descriptivo y no exceden en 

ningún momento el alcance de la invención inicialmente divulgada.
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iii. Anexo 1: DRUMMOND DC (1999) "Optimizing Liposomes for Delivery of 

Chemotherapeutic Agents to Solid Tumors” Pharmacological Reviews, 51(4),

iv. Anexo 2: Apéndice I -  Tabla de composiciones liposomales comercializadas 

hasta Septiembre de 2013, según información de la FDA (Food and Drug 

Administratiori] de los Estados Unidos.

Como consideración inicial, y atendiendo a las sugerencias del señor Examinador, nos 

permitimos modificar el título de la presente solicitud, el cual ahora define una 

"Composición de liposoma que contiene eribulina y /o  su sal farmacológicamente 

permisible", guardando estrecha relación con la materia reivindicada, más 

específicamente el compuesto activo de la invención.

Igualmente, consideramos pertinente destacar que el nuevo pliego reivindicatorio 

contiene únicamente dos reivindicaciones independientes (reivindicaciones 1 y 13), 

considerando que el señor Examinador objetó el anterior pliego por contener un 

excesivo número de reivindicaciones independientes. Así pues, afirmamos que el 

nuevo pliego reivindicatorio define claramente el objeto a proteger, el cual 

corresponde a una composición de liposoma y el método de preparación de la misma.

En cuanto a las objeciones de claridad, consideramos que el nuevo pliego 

reivindicatorio soluciona y supera cada una de ellas toda vez que no incluye las 

objetadas reivindicaciones 4, 5-9,12-18, 26 y 30, por tanto nos permitimos asegurar 

que el actual pliego reivindicatorio es completamente claro y conciso.

La reivindicación 1 fue considerada no novedosa en vista de las enseñanzas del 

documento D2 [ “Lipid membrane structure containing anti-mt-mmp monoclonal 

antibody", US2007112176), el cual divulga una estructura de membranas lipídicas que 

contiene un anticuerpo monoclonal anti-metaloproteinasa de matriz de tipo 

membrana, el cual puede ser empleado como sistema de entrega de fármacos para 

entregar eficientemente ingredientes activos y /o  genes a células tumorales.

691-743.

Novedad
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Con el fin de superar tal objeción, las características técnicas divulgadas en las 

anteriores reivindicaciones 3 y 12 fueron incorporadas en la nueva reivindicación 1, la 

cual ahora divulga:

"Una composición de liposoma caracterizada porque contiene un liposoma, y  (i) 

eribulina y /o  su sal farmacológicamente permisible, (ii) al menos una sal de 

amonio (N H ^ jy  (iii) ácido cítrico en ¡a fase interna del liposoma."

De acuerdo con lo anterior, nos permitimos afirmar que la materia reclamada en la 

nueva reivindicación 1  es novedosa en comparación con lo divulgado por el 

documento 0 2 , ya que éste falla en divulgar la combinación de al menos una sal de 

amonio (NFL+l y ácido cítrico, según lo establecido previamente las reivindicaciones 3

Consecuentemente, partiendo de que dicho documento D2 únicamente revela una 

composición que comprende un anticuerpo monoclonal, mesilato de eribulina y 

sulfato de amonio, respetuosamente solicitamos sea reconocido el cumplimiento del 

requisito de novedad por parte de la actual reivindicación 1 .

Nivel inventivo

Las reivindicaciones dependientes 12, 13 y 26 fueron objetadas por ser obvias en 

vista de las enseñanzas del documento D I ["Liposomes useful fo r  drug delivery”, 

US2007116753) en combinación con los documentos D2 ["Lipid membrane structure 

containing anti-mt-mmp monoclonal antibody", US2007112176) y D3 (Peleg-Shulman, 

T., et al. "Characterization o f sterically stabilized cisplatin liposomes by nuclear 

magnetic resonance" Biochimica et Biophysica Act 1510 (2001) 278-291).

Teniendo en cuenta que las reivindicaciones objetadas fueron removidas del actual 

pliego reivindicatorio, procederemos a demostrar el cumplimiento del requisito en 

mención por parte de las nuevas reivindicaciones independientes (reivindicaciones 1  

y 13), las cuales divulgan:

y 1 2 .
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"1. Una composición de liposoma caracterizada porque contiene un liposoma, 

y  (i) eribulina y /o  su sal farmacológicamente permisible, (ii) al menos una sal de 

amonio (NH4+)y (iii) ácido cítrico en la fase interna del liposoma."

“13. Un método para preparar una composición de liposoma que contiene 

eribuüay/o su sal farmacológicamente permisible, que comprende:

(a) preparar un liposoma, en donde la fase interna del liposoma 

contiene sulfato de amonio y  ácido cítrico;

(b) preparar una solución que contiene eribulina y /o  su sal 

farmacológicamente permisible;y

(c) combinar el liposoma preparado en (a) con la solución preparada 

en (b) para obtener una composición de liposoma que contiene eribulina y /o  su 

sal farmacológicamente permisible atrapada en la fase interna del liposoma.”

Teniendo en cuenta las anteriores reivindicaciones, consideramos pertinente agregar 

que las mismas encuentran sustento en los ejemplos consignados en el capítulo 

descriptivo de la presente solicitud, guardando concordancia específicamente con la 

modalidad 9.

Centrándonos entonces en el documento DI, el cual divulga composiciones 

liposomales que contienen amonios sustituidos y /o  polianiones. nos permitimos 

afirmar que a pesar de que dicha anterioridad divulga liposomas y sus respectivos 

métodos de fabricación, sus enseñanzas están enfocadas en liposomas que contienen 

sales de amonio sustituidas y polianiones junto a una ingrediente activo como el 

agente antitumoral doxorubicina.

En este sentido, encontramos que dicho documento D I sugiere fuertemente el uso de 

una sal de amonio "en donde al menos uno de los radicales Rl, R2, R3 y  R4 es un grupo 

orgánico" (Párrafo [0006] del documento D I) lo cual se opone de manera concreta a la 

materia reivindicada.
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En contraste, la presente invención comprende sales de amonio (NtU*) las cuales 

claramente se encuentran sin sustituir, por lo tanto afirmamos que la presente 

invención no habría podido derivarse de manera obvia a partir de tales enseñanzas, 

las cuales son opuestas a lo reivindicado.

De hecho, además de que el documento D I no enseña ni sugiere la utilización de una 

sal de amonio libre de la forma (NHa+I es notorio que dicha anterioridad califica de 

inapropiado el uso de dichas sales, tal y como se puede evidenciar en el Párrafo [0066] 

de tal documento:

“Los compuestos de amonio que poseen átomos de hidrógeno que pueden 

reaccionar fácilmente mediante sustitución nucleofüica. y  por demás 

reaccionar químicamente con las entidades atrapadas en el liposoma, son por lo 

tanto capaces de perjudicar la integridad química de dichas entidades 

durante o posterior al proceso de carga (atrapamiento) de los liposomas. En 

consecuencia, es deseable que un compuesto de amonio sustituido se encuentre 

químicamente más inerte, careciendo entonces defunciones químicas inestables y  

que reaccionen fácilmente con los demás componentes del liposoma. incluida la 

entidad encapsulada."

Así pues, en vista del anterior fragmento del documento DI, concluimos que tal 

anterioridad alejaría al versado en la materia de la presente invención, ya que -aparte 

de recomendar el uso de sales de amonio sustituidas-, manifiesta y expone las 

presuntos inconvenientes de incluir sales de amonio (NHV), oponiéndose a la 

materia divulgada por la presente invención.

Adicionalmente, la misma anterioridad menciona lo siguiente respecto a los 

resultados positivos e inesperados alcanzados mediante el uso de sales de amonio 

poco reactivas:

“Inesperadamente, descubrimos que las composiciones liposomales que 

comprenden en su espacio interior un amonio sustituido terciario y  cuaternario 

que no tenga un hidrógeno sustituible, o un amonio primario o secundario 

estéricamente impedido, en el cual se impida el acceso a un hidrógeno del amonio
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mediante un grupo orgánico voluminoso vecino (...) presenta no sólo una 

sorprendente capacidad de carga, sino también estabilidad mejorada de la 

entidad atrapada, impidiendo su liberación prematura del liposoma en el cuerpo 

humano."

De acuerdo con lo anterior, además de fallar en anticipar el uso de sales de amonio de 

la forma (NHV), el documento D I reporta resultados excelentes al incluir sales de 

amonio sustituidas en la composición de liposoma que divulga.

A la luz de tales resultados, consideramos que la anterioridad descrita en D I falla en 

motivar la sustitución de dicha sal por cualquier otra, y por tanto el versado en la 

materia preferiría conservar la composición divulgada en dicho documento, en lugar 

de cambiarla o combinarla con las enseñanzas de cualquier otra anterioridad.

En consecuencia, nos permitimos afirmar que un versado en la materia, al consultar 

dicho documento DI, se vería motivado más bien a concebir una composición de 

liposoma incluyendo preferentemente una sal de amonio terciaria, cuaternaria o 

estéricamente impedida para su preparación, y no una sal de amonio (NHV) como la 

reivindicada, la cual podría perjudicar los excelentes resultados que reporta el 

documento DI.

Considerando lo anterior, es evidente que la composición de liposoma reivindicada, al 

incluir sales de amonio no sustituidas (NHa+l (como lo son el sulfato de amonio, el 

citrato de amonio y el tartrato de amonio) rompe con el prejuicio técnico que se 

deriva de las enseñanzas de DI, lo cual deseamos sea considerado como un indicio 

adicional de nivel inventivo, ya que la composición reivindicada demostró una 

excelente relación de atrapamiento, según expone la siguiente tabla:

Tabla 6 de la presente solicitud

No. Fase acuosa 
interna

pH de fase 
externa

Relación de 
atrapamiento (%)

1

Sulfato de amonio 
1 0 0  mM ácido 

cítrico 30 mM pH -  
7.5

7.5 72.9
2 8 . 0 79.8
3 8.5 86.4
4 9.0 92.8
5 9.5 98.5
6 1 0 . 0 1 0 0 . 0

7 10.5 99.3
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Como se puede apreciar en la anterior tabla, la relación de atrapamiento (%) lograda 

por la composición reivindicada que comprende sulfato de amonio -una sal de 

amonio no sustituida, valga aclarar- nunca es inferior al 72.9 %, y logra un 

atrapamiento total del fármaco (100 %) a un pH 10.0.

Ahora bien, considerando los demás documentos que el señor Examinador cita 

(documentos 02 y D3), encontramos que ninguno de ellos brinda enseñanzas 

suficientes que motiven, por encima de los resultados alcanzados por la composición 

del documento DI, llevar a cabo modificación alguna a tal anterioridad.

Luego entonces, una persona versada en la materia que consulte los documentos DI, 

D2 y D3, ya sea independientemente o en combinación, no encontraría motivación o 

sugerencia alguna que lleve a modificar la composición divulgada en DI, y mucho 

menos concebiría la inclusión de una sal de amonio del tipo NH4+, cuyo uso no es 

divulgado en 02 o D3. y es claramente indebido según las enseñanzas de DI.

A pesar de lo anterior, y suponiendo que dichas anterioridades sí brindaran motivos 

suficientes al versado en la materia para desarrollar una nueva composición liposomal 

a partir de tales enseñanzas, nos permitimos afirmar que el versado en la materia no 

sería capaz de alcanzar de manera obvia la presente invención, en la medida que los 

documentos DI, 02 y D3 no divulgan todas y cada una de las características técnicas 

reivindicadas.

Enfocándonos ahora en el principio activo que comprende la presente invención 

(eribulina y /o  una sal farmacéuticamente permisible de la misma), nos permitimos 

afirmar que un versado en la materia no tendría ninguna motivación ni esperanza de 

éxito relacionada con modificar el activo doxorubicina de la composición de DI, por 

un agente activo diferente. Tal conclusión se deriva del estudio titulado "Optimizing 

Liposomes fo r Delivery o f Chemotherapeutic Agents to Solid Tumors", llevado a cabo por 

los mismos inventores de la anterioridad descrita en D I fDrummond DC. Meyer O, 

Hong K. Kirpotin DB. Papahadjopoulos D), el cual se encuentra adjunto al presente 

memorial bajo el nombre de Anexo 1.
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En tal publicación científica, Drummond DC, et al. revelan "la importancia de mantener 

una formulación estable para el uso efectivo de liposomas como sistemas de entrega de 

fármacos y  que una composición de lípidos particular no es necesariamente la mejor 

para todos los fármacos, incluso si ambos tienen naturaleza anfipática. Cada fármaco  

deberá considerarse de modo ind iv idua l" (Anexo 1, página 717).

Así pues, considerando que el cambio aleatorio del fármaco contenido en una 

composición liposomal constituye una acción incierta de la cual puede derivarse un 

resultado positivo o negativo, nos permitimos afirmar que el versado en la materia no 

cuenta en ningún momento con alguna motivación o expectativa de éxito derivada de 

la presunta sustitución del activo doxorubicina por eribulina y /o  su sal 

farmacológicamente permisible, ni dicha sustitución podría concebirse de manera 

obvia a partir de las enseñanzas de cualquiera de los documentos citados por su 

Despacho.

Retomando la Tabla 6  incluida previamente, nos permitimos agregar también que 

dichos resultados, notoriamente positivos, no podrían haberse alcanzado fruto de una 

modificación insensata o azarosa de alguna composición liposomal divulgada en el 

estado de la técnica. Muy por el contrario, la materia reivindicada obedece a un 

estudio juicioso que involucra la elección cuidadosa de cada uno de los componentes, 

estudios farmacocinéticos y estudios de estabilidad asociados con la composición 

reivindicada, lo cual claramente es muestra del uso de la actividad inventiva.

Adicionalmente, dicho Anexo 1 menciona que "los resultados obtenidos con DOX 

(doxorubicina) no pueden extrapolarse necesariamente a otro fármaco, incluso si 

presentara una estructura química similar" (Anexo 1, página 727), en referencia a los 

resultados de atrapamiento, estabilidad y liberación alcanzados por la anterioridad en 

estudio. En concordancia, el Anexo 1 recomienda llevar a cabo un análisis del 

comportamiento de la composición liposomal en combinación con cada fármaco 

específico, mencionando la posibilidad de que, por cuestiones netamente químicas, la 

estabilidad de una composición puede resultar desfavorable al cambiar el fármaco 

que ésta comprende, involucrando de manera negativa el comportamiento de la 

composición final.
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Ahora bien, retomando lo mencionado en dicho Anexo 1 con referencia a la estructura 

química de un agente activo, nos permitimos reproducir a continuación las 

estructuras de los compuestos doxorubicina (Figura 1) y eribulina (Figura 2), para 

posterior análisis:

Según las anteriores Figuras, es posible notar que no hay ninguna similitud 

estructural entre los dos fármacos en mención, por tanto ni siquiera podría afirmarse 

que por su similitud estructural o de comportamiento químico, sería obvio reemplazar 

el activo doxorubicina por eribulina, siendo esta una molécula mucho más voluminosa 

y por tanto, representa un reto mayor al buscar atraparlo en un sistema de entrega 

liposomal efectivo.

Igualmente, consideramos que el hecho de que ambos activos presenten una actividad 

antitumoral demostrada, no constituye motivación o argumento suficiente para 

decidir el reemplazo de uno por otro, toda vez que la eficacia de la composición 

liposomal -en términos de atrapamiento, estabilidad y liberación- podría verse 

perjudicada.

Partiendo entonces de que los documentos D2 y D3 únicamente se limitan a 

mencionar el uso del fármaco eribulina, y no proporcionan ejemplos ni sugieren la 

manera en la que sería posible preparar una composición de liposoma que contenga 

dicho fármaco, consideramos que tales documentos no complementan de manera 

adecuada las enseñanzas del ya analizado documento DI, y por tanto no sería posible 

derivar de manera obvia la invención aquí reivindicada a partir del arte previo.

/

Figura 1. Estructura de doxorubicina. Figura 2. Estructura de la eribulina.
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Por otra parte, consideramos pertinente agregar que la afirmación de Drummond DC, 

et al. respecto a la necesidad de adaptar una composición liposomal a cada fármaco 

distinto a doxorubicina, encuentra total sustento en evidencias actuales del tipo de 

composiciones liposomales desarrolladas y actualmente comercializadas con el aval 

de la Food and Drug Administration (FDA) de los Estados Unidos, las cuales se 

describen abiertamente en el Anexo 2 adjunto al presente memorial.

De acuerdo con dicho Anexo 2, es posible notar que en el mercado se encuentran 

disponibles únicamente trece composiciones liposomales. de las cuales ninguna 

comprende exactamente la misma formulación de activos y excipientes, y además no 

se ha aprobado ninguna composición liposomal que contenga el activo eribulina. lo 

cual soporta y evidencia aún más la total patentabilidad de la composición de 

liposoma que se reivindica.

Partiendo entonces de las enseñanzas de los citados Anexos 1 y 2, es posible concluir 

que para un versado en la materia no existían expectativas de éxito que motivaran 

el desarrollo de una composición de liposoma incluyendo el fármaco eribulina, sobre 

todo teniendo en cuenta que no existen en el mercado formulaciones similares a la 

reivindicada, y que Drummond DC, et al. afirman que no es posible extrapolar una 

composición liposomal exitosa -en términos de atrapamiento, estabilidad y 

liberación- a cualquier otro fármaco, y que por tanto es necesario llevar a cabo 

estudios pertinentes para cada fármaco diferente.

A este respecto, consideramos pertinente agregar que no basta con identificar de 

manera aislada e inconexa las diferentes características esenciales reivindicadas en 

documentos del arte previo para concluir que la invención habría podido derivarse de 

manera obvia, sino que de acuerdo con el Instructivo de Examen de Solicitudes de 

Patentes de Invención y Modelo de Utilidad (Numeral 2.13.5 del Capítulo II), tales 

anterioridades deben indicar al versado en la materia cómo llevar a cabo la presente 

invención, lo cual evidentemente no sucede en el presente caso.
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Así pues, encontramos que la afirmación del señor Examinador, referente a que "la 

persona del oficio normalmente versada en la materia incluiría el fármaco eribulina 

mesilato en la fase interna de un liposoma que incluye sulfato de amonio revelada en el 

documento D2 en la composición liposomal divulgada en el documento D I"  carece de 

todo sustento, ya que se deriva de un análisis en retrospectiva que no permite 

establecer un juicio subjetivo sobre la invención, y que adicionalmente -como se ha 

demostrado ya- la combinación de las enseñanzas de los documentos citados por su 

Despacho se opone completamente a los conocimientos generales de dicho versado en 

la materia en vista del estado de la técnica.

En contraste, consideramos que el versado en la materia no habría podido imaginar o 

predecir que el fármaco eribulina podría formularse exitosamente en una 

composición de liposoma, y que tras desarrollar dicha composición podrían 

alcanzarse los favorables resultados previamente descritos en la Tabla 6 , 

proporcionando así un eficaz sistema de entrega para dicho fármaco, el cual 

reiteramos es completamente novedoso e inventivo.

Es así que, de acuerdo con los motivos y evidencias ya discutidas, nos permitimos 

concluir que:

i. Ninguna de las anterioridades revela o sugiere una composición de liposoma 

que comprende la combinación de al menos una sal de amonio (NH4+I y ácido 

cítrico, como revela la reivindicación 1 así como las ventajas previamente 

discutidas.

ii. Ninguno de dichos documentos divulga o anticipa un método para la 

preparación de una composición de liposoma, en donde la fase interna del 

liposoma contiene sulfato de amonio y ácido cítrico, de acuerdo con la 

reivindicación 13.

Por tanto consideramos que la invención descrita en la totalidad del pliego 

reivindicatorio, cumple a cabalidad con el requisito de novedad y nivel inventivo, el 

cual solicitamos sea reconocido por su Despacho.
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En vista de lo anteriormente expuesto, respetuosamente solicitamos el retiro de las 

objeciones de la presente solicitud y la concesión del privilegio solicitado, ya que en 

opinión del solicitante cumple con todos los requisitos establecidos en la decisión 486.

Atentamente,

UAN PABLO CADENA SARMIENTO
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C.C. 80.410.337 de Usaquén
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REIVINDICACIONES

1. Una composición de liposoma caracterizada porque contiene un 

liposoma, y (i) eribulina y/o su sal farmacológicamente permisible, (ii) al 

menos una sal de amonio (NH4+) y (iii) ácido cítrico en la fase interna del 

liposoma.

2. La composición de liposoma de acuerdo con la reivindicación 1, en 

donde dicha sal de amonio (NH4+) se selecciona de sulfato de amonio, citrato 

de amonio y tartrato de amonio.

3. La composición de liposoma de acuerdo con la reivindicación 1 o

2, en donde la fase interna del liposoma contiene además al menos un 

ajustador de pH.

4. La composición de liposoma de acuerdo con la reivindicación 3, en 

donde dicho ajustador de pH se elige de una base.

5. La composición de liposoma de acuerdo con cualquiera de las

reivindicaciones 1 a 4, en donde dicha eribulina y/o su sal 

farmacológicamente permisible es mesilato de eribulina.

6. La composición de liposoma de acuerdo con cualquiera de las

reivindicaciones 1 a 5, en donde la composición de liposoma es en forma 

líquida.

7. La composición de liposoma de acuerdo con cualquiera de las

reivindicaciones 1 a 5, en donde el liposoma contiene fosfatidilcolina 

hidrogenada.

8. La composición de liposoma de acuerdo con cualquiera de las

reivindicaciones 1 a 5, en donde el liposoma contiene colesterol.

9. La composición de liposoma de acuerdo con cualquiera de las

reivindicaciones 1 a 5, en donde el liposoma contiene condensado de 

metoxipolietilenglicol.
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10. La composición de liposoma de acuerdo con la reivindicación 9, en 

donde dicho condensado de metoxipolietilenglicol corresponde a 

condensado de diestearoilfosfatidil etanolamino polietilenglicol.

11. La composición de liposoma de acuerdo con cualquiera de las 

reivindicaciones 1 a 6, en donde el liposoma contiene fosfatidilcolina 

hidrogenada, colesterol y condensado de diestearoilfosfatidil etanolamino 

polietilenglicol.

12. La composición de liposoma de acuerdo con cualquiera de las 

reivindicaciones 1 a 6, en donde el liposoma contiene fosfatidilcolina 

hidrogenada de soya, colesterol y polietilenglicol 2000-fosfatidiletanolamina.

13. Un método para preparar una composición de liposoma que 

contiene eribulia y/o su sal farmacológicamente permisible, que comprende:

(a) preparar un liposoma, en donde la fase interna del liposoma 

contiene sulfato de amonio y ácido cítrico;

(b) preparar una solución que contiene eribulina y/o su sal 

farmacológicamente permisible; y

(o) combinar el liposoma preparado en (a) con la solución 

preparada en (b) para obtener una composición de liposoma que contiene 

eribulina y/o su sal farmacológicamente permisible atrapada en la fase 

interna del liposoma.

14. El método para preparar una composición de liposoma de acuerdo 

con la reivindicación 13, que comprende además:

(d) ajustar el pH de la fase externa del liposoma a un valor 

suficiente para lograr el atrapamiento de dicha eribulina o su sal 

farmacológicamente permisible en la fase interna del liposoma, en donde 

dicho pH de la fase externa del liposoma es de 7 a 10.



COMPOSICIÓN DE LIPOSOMA

Campo Técnico

La presente invención se relaciona a una composición de liposoma 

novedosa que contiene eribulina o su sal farmacológicamente permisible. La 

presente invención también se relaciona a un método de manufactura de la 

composición de liposoma.

Técnica Antecedente

Los liposomas son vesículas cerradas microscópicas que tienen 

una fase interna encerrada por una o más bicapas de lípido, y son capaces de 

contener material soluble en agua en la fase interna, y material lipofílico en la 

bicapa de lípido. Cuando se atrapa un compuesto activo en el liposoma, y se 

suministra al tejido objetivo, como atrapar el compuesto activo en el liposoma 

con alta eficiencia y como asegurar la retención estable del compuesto activo 

por el liposoma constituyen puntos importantes.

Cuando se atrapan compuestos lipofílicos en el liposoma, una alta 

relación de atrapamiento puede ser lograda de manera relativa fácilmente, pero 

excepto en casos de compuestos que tienen muy alta afinidad de membrana tal 

como anfotericina B (el agente principal en el fármaco liposomal AmBisome), la 

estabilidad de retención en el suero sanguíneo es ordinariamente baja, y es 

difícil obtener mejora suficiente en la farmacocinética. Con respecto a métodos 

para atrapar compuestos solubles en agua en el liposoma, hay varios métodos 

tal como el método de película de lípido (método de Vórtice), método de 

evaporación de fase inversa, método de remoción de surfactante, método de 

congelación-descongelación y métodos de carga remotos (método de gradiente 

de pH, método de gradiente de ión). Sin embargo, es solamente los métodos de 

carga remotos que proporcionan una relación de atrapamiento cercana al 

100%; una relación de atrapamiento en el orden de solamente 5 a 30% se 

obtiene de los otros métodos.

Como métodos de carga remotos, se conocen aquellos que usan 

un gradiente de pH y gradiente de ión de sulfato de amonio. El método de 

gradiente de pH, que es un método de carga remoto usando un gradiente de 

pH, es una técnica para incorporar compuestos en el liposoma al usar el 

movimiento del equilibrio de disociación molecular/iónico debido al pH del 

compuesto objetivo.

Como un ejemplo de un compuesto atrapado en el liposoma por el



método de gradiente de pH, se puede mencionar, por ejemplo, doxorubicina 

(DOX, pKa; 8.2). Después de preparar una solución de liposoma con una 

solución reguladora de pH 4, la fase externa del liposoma se reemplaza con una 

solución reguladora de pH 7. En el caso donde se adiciona DOX a esta solución 

de liposoma, como la DOX molecular en la solución de pH es lipofílica, esta 

migra a la membrana de liposoma antes que a la fase acuosa. En el caso donde 

la DOX que ha migrado a la membrana de liposoma además hace contacto con 

la fase interna de pH 4 de liposoma, ésta llega a ser iónica, y se incorpora en la 

fase interna del liposoma. De esta manera, DOX se transporta de la fase 

externa a la fase interna de liposoma por un movimiento de equilibrio de 

disociación (ver la Literatura no de Patente 1, Literatura no de Patente 2 y 

Literatura de Patente 1).

Una variedad de técnicas se han reportado para mejorar este tipo 

de método de carga remoto. En la Literatura no de Patente 3, se divulga una 

técnica para mejorar la relación de atrapamiento de compuestos activos al 

adicionar etanol junto con el compuesto activo a la fase externa dei liposoma, 

cuando el método de gradiente de pH se conduce en el liposoma de la 

composición especial llamada liposoma libre de colesterol.

En la Literatura de Patente 2, además del gradiente de pH, se 

divulga una técnica para mejorar la relación de atrapamiento de compuestos 

activos al tener iones de cobre existentes en la fase interna del liposoma.

En lugar de un gradiente de pH en el método de gradiente de pH, 

el método de sulfato de amonio, que es un método de carga remoto usando un 

gradiente de ión de sulfato de amonio, es una técnica para incorporar 

compuestos activos en la fase interna de liposoma al usar un gradiente de ión 

tal como sulfato de amonio bivalente (ver la Literatura no de Patente 1 y la 

Literatura de Patente 3).

Además de un gradiente de ión basado en sulfato de amonio, la 

Literatura de Patente 4 divulga una técnica para incorporar compuestos activos 

en el liposoma al adicionar ácido borónico junto con el compuesto activo a la 

fase externa del liposoma.

En lugar de un gradiente de ión basado en sulfato de amonio, la 

Literatura de Patente 5 divulga una técnica en donde, comparado con el caso 

donde se utiliza sulfato de amonio, la velocidad de liberación del compuesto 

activo se mejora al incorporar el compuesto activo en el liposoma utilizando un 

gradiente de ión de anión de ácido glucurónico.



Así, desde el punto de vista de la relación de atrapamiento, los 

métodos de carga remotos son excelentes métodos de atrapamiento. Sin 

embargo, en el caso donde se utilizan métodos de carga remotos, excepto para 

casos especiales tal como Doxil (una preparación de liposoma de DOX) donde 

el compuesto activo atrapado en la fase interna del liposoma se cristaliza, hay el 

problema de que el compuesto activo tiende fugarse del liposoma en el suero 

sanguíneo, y que la estabilidad de retención del compuesto activo es baja.

Como es descrito en lo anterior, con los métodos técnicos 

convencionales, la situación actual es que es difícil lograr la coexistencia de una 

alta relación de atrapamiento del compuesto activo en el liposoma y estabilidad 

de retención del compuesto activo en el liposoma.

Literatura de la Técnica Previa 

Literaturas de Patente

Literatura de Patente 1: Patente Norteamericana No. 5192549, 

Especificación

Literatura de Patente 2: Publicación Internacional de PCT 

W02006/037230, Folleto

Literatura de Patente 3: Patente Norteamericana No. 5316771, 

Especificación

Literatura de Patente 4: Patente Norteamericana No. 6051251, 

Especificación

Literatura de Patente 5: Publicación Internacional de PCT WO 

2005/046643, Folleto 

Literaturas no de Patente

Literatura no de Patente 1: Yasuyuki Sazuka, “Liposome 

Preparation Method,” “New Developments in Liposome Application: Toward the 

Development of Artificial Celis” (Kazunari Akiyoshi, Shigeru Tsujii, editorial 

supervisión)” NTS, (2005), pp, 33-37.

Literatura no de Patente 2: Mayer LD y colaboradores, Biochimica 

et Biophysica Acta, (1986), 857: pp. 123-126.

Literatura no de Patente 3: N. Dos Santos y colaboradores, 

Biochimica et Biophysica Acta, (2004), 166(1): pp. 47-60.

Breve Descripción de la Invención 

Problema a ser Resuelto por la Invención

El objetivo de la presente invención es proporcionar una 

composición de liposoma con una alta relación de atrapamiento y estabilidad de



mención del compuesto activo, 
medios Para Resoiverei gobierna

Como uo resultado de la investigación diligente dirigida eo resolver 

los problemas mencionados en lo anterior, los presente inventores 

descubrieron, con respectoa una composición de liposoma cuyo compuesto 

activo es e ribu linaosu sal farmacológicamente permisible,gue la relación de 

atrapamientoyestabilidad de retención del compuesto activo en la composición 

de liposoma son extremadamente altas, de esta manera perfeccionando la 

presente invención.

Específicamente, la presente invención es como sigue.

Una composición de liposoma que contiene liposoma, y que 

contiene un compuesto activo en la fase interna de liposoma, en donde el 

compuesto activo es eribu linaosusal farmacológicamente permisible.

La composición de liposoma de acuerdo con 1, en donde la 

composición de liposoma esta en una forma sólidaolíquida.

La composición de liposoma de acuerdo con 1 o 2 , en donde la 

fase interna de liposoma además contiene sal de amonio.

La composición de liposoma de acuerdo con 3, en donde la 

concentración de la sa lde amonio mencionada en lo anterior es 10 m l^lom ás 

alta.

La composición de liposoma de acuerdo con cualquiera d e t a 4 ,  

e n d o n d e la fa s e  in te rnade liposom aadem áscontienesa l, ácido, basey/o 

aminoácido.

La composición de liposoma de acuerdo con 5, en donde la 

concentración de la salmencionada en lo anterior e s 1 a 3 0 0 m ^ l.

La composición de liposoma de acuerdo c o n 5 o 6 , e n  donde la 

concentración del ácido mencionado en lo anterior e s 1 a 3 0 0 m ^ l.

La composición de liposoma de acuerdo con cualquiera d e 5 a 7 .
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del aminoácido mencionado en lo

ml^l.

La composición de liposoma de acuerdo con cualquiera d e 5 a 8 ,  

en donde la concentración de la base mencionada en lo anterior es la^O O m l^ l. 

(10)

La composición de liposoma de acuerdo con cualquiera d e t  a 9 , 

en donde la concentración del compuesto activo mencionado en lo anterior es 

0 .01 a3 0 0m ^m l.

(11)

La composición de liposoma de acuerdo con cualquiera d e l a l O ,  

en donde el compuesto activo mencionado en lo anterior es mesilato de 

eribulina.

(12)

La composición de liposoma de acuerdo con cualquiera d e l a l l ,  

en donde la tase interna de liposoma además contiene sulfato de amonio, ácido 

cltricoyun compuesto activo.

(13)

La composición de liposoma de acuerdo con cualquiera d e 1 a 1 2 ,  

en donde la fase externa de liposoma contiene azúcar, electrolito y/o 

aminoácido.

(14)

La composición de liposoma de acuerdo con cualquiera d e 1 a 1 3 ,  

en donde la fase externa de liposoma contiene azúcar o electrolito, y 

aminoácido.

(15)

La composición de liposoma de acuerdo con cualquiera d e 1 3 a

1 4 , en donde la concentración de la azúcar mencionada en lo anterior e s 2 a  

20%

(16)

La composición de liposomade acuerdo con cualquiera d e 1 3 a

1 5 ,en donde la concentración del aminoácido mencionado en lo anterior e s l a  

300ml^l

(17)

La composición de liposoma de acuerdo con cualquiera d e 1 a 1 6 ,  

en donde la fase externa de liposoma contiene sacarosaocloruro de sodio,e



La composición de liposoma de acuerdo con 

en donde iafase inferna de liposoma no contiene soslanciaimenleciciode^rina.

La composición de liposoma de acuerdo con cualquiera d e 1 a 1 8 ,  

en donde confienefosfafidilcolina hidrogenada.

^ 0 )

La composición de liposoma de acuerdo con cualquiera d e 1 a 1 9 ,  

en donde el liposoma confiene colesterol.

La composición de liposoma de acuerdo con cualquiera d e 1 a 2 0 ,  

en donde el liposoma confiene condensado de mefoxipoliefilen^licol.

La composición de liposoma de acuerdo con 21, en donde el 

condensado de mefoxipoliefilen^licol mencionado en lo anteriores condensado 

dediesfearoilfosfafidilefanolaminopoliefilen^licol.

La composición de liposoma de acuerdo con cualquiera d e 1 a 2 2 ,  

en donde el liposoma confiene fosfatidilcolina hidrogenada, colesferol y 

condensado de diesfearoilfosfafidilefanolaminopoliefilen^licol.

La composición de liposoma de acuerdo con 2 3 ,que confiene 10a 

80% de la fosfafidilcolina hidrogenada mencionada en lo anferior,1 a 6 0 % d e  

colesferol mencionado en lo anferior y 0 a 50% del condesado de

diesfearoilfosfafidil etanolamino poliefilen^licol mencionado en lo anferior.

(25)

La composición de liposoma de acuerdo con cualquiera d e 1 a 2 4 ,  

en donde el liposoma confiene fosfatidilcolina de soja hidrogenada,colesferoly 

poliefilen^licol2000-fosfafidilefanolamina.

(26)

Lln méfodo de manufactura de la composición de liposoma de

acuerdo con cualquiera de 1 a 25, que incluye: una efapa en la cual se

proporciona un liquido de dispersión de liposoma que confiene liposoma;

una efapa en la cual el liquido de dispersión de liposoma

mencionado en lo anferior se mezcla con el compuesto acfivo mencionado en lo
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ooa elapa en ^  el oompoeslo mencionado en lo

anlenor se In^oduoe en lasase Inferna de liposoma del liquido de dispersión de 

liposoma mencionado en lo anterior.

El mólodo de acuerdo con 26, en donde el liquido de dispersión de 

liposoma mencionado en lo anterior no contiene suslanclalmenle sal de amonio 

en la fase e te rna  de liposoma.

El método deacuerdo c o n 2 6 o 2 7 ,  e n d e n d e e l p F l d e l a f a s e  

e te rna  de liposoma del liquido de dispersión de liposoma mencionado en lo 

anterior e s 3 a 1 0 .

El método de acuerdo con cualquiera de 2 6 a 2 8 , e n  donde el p^  

de la fase e te rna  de liposoma de llquldoadlsperslón de liposoma mencionado 

en lo anterior e s 7 a 1 0 .

^ 0 )

El método de acuerdo con 2 8 o 2 9 , e n  donde el pFÍ mencionado 

en lo anterior es el p í d e l a  fase e te rna  de liposoma de liquido de dispersión 

de liposoma mencionado e n lo  anterior en lae lap a  en la  cual semezclan el 

liquido de dispersión de liposoma mencionado a n le r io rye l compuesto activo 

mencionado en lo anterior.

E lm ólodo de acuerdo con c u a lq u ie ra d e 2 6 a 3 0 ,  end on de la  

elapa en la cual el liquido de dispersión de liposoma mencionado en lo anterior 

se proporciona incluye: una elapa en la cual se proporciona una solución 

preparatoria de liposoma que contiene liposom ayque contiene sal de amonio 

en la fase inferna de liposom ayla  fase e te rna  de liposoma; en la elapa en la 

cual la fase e te rna  de liposoma de la solución preparatoria de liposoma 

mencionada en lo anterior se susliluyeose diluye.

El método de acuerdo con 31, en donde la elapa en la cual la fase 

e te rna  de liposoma mencionado en lo anterior se susliluyeose  diluye es una 

elapa en la c u a l e l p í d e l a  fase e te rna  de liposoma se hace más alio que el 

p í d e l a  fase inferna de liposoma.

(33)
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Elmélodo de acuerdo con en
fase e te rna  de liposoma mencionado en lo anterior se su s^u yeo se  diluye es 

una elapa en la cual la diferencia en el p í d e l a  fase inferna de liposom ayel 

pFI de la fase e te rna  de liposoma e s 1 a 5 .

El método de acuerdo con cualquiera de 2 6 a 3 3 ,  en donde el p^  

de la fase inferna de liposoma mencionado en lo anterior e s 3 a 9 .

El método de acuerdo con cualquiera de 2 6 a 3 4 , e n  donde el pFI 

de la fase inferna de liposoma mencionado en lo anterior e s 4 a 9 .

El método de acuerdo con cualquiera de 2 6 a 3 5 , e n  donde el pFI 

de la fase inferna de liposoma mencionado en lo anterior e s 5 a 8 .

Elmétodo de acuerdo con cualquiera de 26a36,  en donde la fase 

e te rna  de liposoma es una solución que contiene eleclrolilo en la elapa en la 

cual se introduce el compuesto activo mencionado en lo anterior.

El m ^ o d o d e a c u e r d o c o n c u a lq u i e r a d e 2 6 a 3 7 ,  en dondeel 

liquido de dispersión de liposoma mencionado en lo anterior suslancialmenle no 

contiene ciclodexlrina en lasase Inferna de liposoma.

E l m é l o d o d e a c u e r d o c o n c u a l q u i e r a d e 2 6 a 3 ^  que además 

contiene una elapa en la cual se neutraliza el p ^  de la fase e te rna  de 

liposoma.

Efecto de la Invención

Oe acuerdo con la presente invención, es posible ofrecer una 

composición de liposoma novedosa. La composición de liposoma de la presente 

invención arrapa un compuesto activo en la fase inferna de liposoma con un alio 

^ ra dodee^c ie nc ia ,y l ie ne una a l laes lab i l i dad de re lenc ión  del compuesto 

activo.

Breve Descripción de los Dibujos

(Fi^. 1) muestra los cambios ^  en la concentración de 

mesilalo de eribulina en una composición de liposoma en el suero sanguíneo de 

r a la ^ O )

(Fi^. 2) muestra laaclividad an^umoral ^ ^ o d e l  mesilato de



eribulina debido al liposoma en ratones desnudos que llevan cáncer FaDu.

(Fig. 3) muestra la actividad antitumoral in vivo del mesilato de 

eribulina debido al liposoma en ratones desnudos que llevan cáncer ACHN. 

Mejor Modo Para Llevar a Cabo la Invención

La presente invención se describe específicamente por modos 

para llevar a cabo la invención, pero la presente invención no está limitada a los 

siguientes modos para llevar a cabo la invención, y se puede llevar a cabo con 

una variedad de modificaciones.

Los contenidos divulgados en la literatura referenciados en la 

presente invención son incorporados en la presente invención como referencia.

Definiciones

“Liposoma” significa vesículas cerradas microscópicas que tienen 

una fase interna encerrada por bicapa de lípido. En la presente invención, el 

liposoma incluye liposoma de una sola membrana pequeña (SUV: vesícula 

unilaminar pequeña), liposoma de una sola membrana grande (LUV: vesícula 

unilaminar grande), liposoma de una sola membrana todavía más grande (GUV: 

vesícula unilaminar gigante), liposoma de multicapa que tiene múltiples 

membranas concéntricas (ML V: vesícula multilaminar), liposoma que tiene 

múltiples membranas que no son concéntricas, sino irregulares (M W : vesícula 

multivesicular), etc.

“Fase interna de liposoma” significa una región acuosa encerrada 

en la bicapa de lípido del liposoma, y se utiliza con el mismo significado como 

“fase de agua interna" y “fase de agua interna de liposoma”. “Fase alterna de 

liposoma” significa la región no encerrada por la bicapa de lípido de liposoma 

(esto es, la región aparte de la fase interna y la bicapa de lípido) en el caso en 

donde el liposoma se dispersa en líquido.

“Composición de liposoma” significa una composición que 

contiene liposoma y que además contiene mesilato de eribulina en la fase 

interna de liposoma. En la presente invención, la composición de liposoma 

incluye formas tanto sólidas como líquidas.

“Líquido de dispersión de liposoma” significa una composición que 

contiene liposoma, y es una composición que precede la introducción del 

compuesto activo en la fase interna de liposoma.

“Solución preparatoria de liposoma” significa una composición que 

contiene liposoma, y es una composición que precede el ajuste de la fase 

externa de liposoma para propósitos de atrapar mesilato de eribulina en la fase



“Reactivo de nosem a” significa un iiquido de dispersión de 

iiposoma, en ei caso donde está en una forma iiquida, en ei caso donde está en 

una forma sóiida, esto significa un reactivo dei cua ie iiigu ido  de dispersión de 

iiposoma se puede obtener por disoiución o suspensión en ei soivente 

preescrito.Eisoivente se describe enseguida. Como es descrito enseguida, un 

reactivo de iiposoma sóiido se puede obtener,porejem pio,e i secar un iiguido 

de dispersión de iiposoma.

En ia presente especificación, e i “mezc iadode só i i do y  iiquido” 

inciuye ia disoiución y suspensión de sóiido en ei iíquido, y ei mezciado, 

disoiuciónysuspensión se utiiizan de una manera mutuamente intercambiabie. 

Oe manera sim iiar,e isoiventeym edio de dispersión también se utiiizan de una 

manera mutuamente intercambiare.

Por otra parte, ia composición de iiposoma, iíquido de dispersión 

de iiposoma,soiuoión preparatoria de iiposom ayei reactivo de iiposoma de ia 

presente invención sustancia^mente no contienen ciclodextrina. “Nocontiene 

sustanciaimenteciciodextrina” significa que no bay adición de ciciodextrina. Es 

suficiente si ia ciciodextrina no es contenida en una cantidad en ia cuai ia 

mejora de iasoiubiiidad^soiubiiidad nominad dei compuesto activo deb idoa ia  

ciciodextrina es significantemente observabie, y aún en ei caso donde se 

ad i c ionanunacan t idade n iacua i ia me jo rae n iaso iub i i i da d  dei compuesto 

activo no es significantemente observabie, no se exciuye de iaimpiementación 

de ia presente invención.

Además, comounmodop re fer i dode lapresente invenc ión,  “ei 

iiquido de dispersión de iiposoma que no contiene sustanciaimente sai de 

amonio en iafase externa de iiposoma” significa que ia sai de amonio no se 

adicionaaia fase externa de iiposoma dei iiquido de dispersión de iiposoma.La 

adiciónde sai dea mon io en  unacant idadque está dentro de intervaioque 

puede iograre iob je t ivode iapresente invenc ión no v a a  serexciuidode ia 

impiementación de ia presente invención. En ei caso donde ia sai de amonio es 

contenida en ia fase externa dei iiposoma de una soiución preparatoria de 

iiposoma, es posibie preparar un iiquido de dispersión de iiposoma que no 

contiene sustanciaimente sai de amonio ai sus titu irod iiu ir iafase externa de 

iiposoma de ia soiución preparatoria de iiposoma utiiizando una soiución que no 

contiene sustanciaimente sai de amonio.

(Compuesto activo)
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El compuesto activo de la presente invención es eribulina o su sal 

farmacológicamente permisible (después en la presente alguna vez referida 

como “eribulina, etc.”). No hay limitación particular sobre la sal 

farmacológicamente permisible mientras que se formen la eribulina y la sal, ya 

sea sal de ácido inorgánico o sal de ácido orgánico. Por ejemplo, se puede 

mencionar sal de ácido clorhídrico, sal de ácido sulfúrico, citrato, sal de ácido 

bromhídrico, sal de ácido yodhídrico, sal de ácido nítrico, bisulfato, sal de ácido 

fosfórico, sal de ácido super fosfórico, sal de ácido isonicotínico, sal de ácido 

acético, sal de ácido láctico, sal de ácido salicílico, sal de ácido tartárico, sal de 

ácido pantoténico, sal de ácido ascórbico, sal de ácido succínico, sal de ácido 

maleico, sal de ácido fumárico, sal de ácido glucónico, sal de ácido sacarínico, 

sal de ácido fórmico, sal de ácido benzoico, sal de ácido glutámico, sal de ácido 

metanosulfónico, sal de ácido etanosulfónico, sal de ácido bencensulfónico, sal 

de ácido p-toluensulfónico, sal de ácido pamórico, (pamoato) y así 

sucesivamente. Preferibles entre estas son la sal de ácido clorhídrico, sal de 

ácido sulfúrico, sal de ácido acético, sal de ácido fosfórico, citrato, sal de ácido 

mesílico y más preferibles de todos es la sal de ácido mesílico. Esto es, el 

compuesto activo preferible de la presente invención es mesilato de eribulina. 

Por otra parte, como la sal farmacológicamente permisible de eribulina, es 

aceptable usar eribulina y sal de aluminio, calcio, litio, magnesio, zinc [s/c], 

sodio, zinc y dietanolamina. La eribulina o su sal farmacológicamente permisible 

es el compuesto o su sal registrada en el folleto de la Publicación Internacional 

de PCT WO 99/65894 o la Patente Norteamericana 62465 (los contenidos 

registrados en estas patentes son incorporados en la presente por referencia) y 

tienen acción farmacológica que incluyen acción antitumoral y acción 

antimitótica. La eribulina o su sal farmacológicamente permisible exhiben acción 

antitumoral con respecto a melanoma, fibrosarcoma, leucemia monocítica, 

cáncer de colon, cáncer ovárico, cáncer de seno, cáncer de hueso, cáncer de 

próstata, cáncer de pulmón y fibroblastos ras-transformados.

Sin embargo, como compuestos activos que se pueden combinar 

con eribulina, etc., se puede seleccionar de entre compuestos utilizados en los 

campos de medicinas (incluyendo fármacos de diagnóstico), productos 

cosméticos, productos alimenticios y así sucesivamente. Con respecto a los 

compuestos activos, es aceptable combinar uno o más compuestos diferentes 

de eribulina, etc.

Como compuestos activos, se pueden mencionar compuestos de
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bajo peso molecular, etc. Entre estos, los compuestos usados como agentes 

antitumorales, agentes antibacterianos, agentes antiinflamatorios, agentes de 

infarto antimiocardiacos y agente de contraste son adecuados.

Con respecto al peso molecular del compuesto activo, es 

preferible un intervalo de 100 a 2000, es más preferible un intervalo de 200 a 

1500, y es aún más preferible un intervalo de 300 a 1000. Dentro de estos 

intervalos, la permeabilidad de membrana de liposoma del compuesto activo es 

generalmente satisfactoria, y la presente invención se puede aplicar 

adecuadamente.

Los compuestos activos incluyen compuestos solubles en agua y 

compuestos lipofílicos, y mientras que son más o menos solubles en agua o 

solventes acuosos, la presente invención se puede aplicar.

No hay limitaciones particulares sobre agentes antitumorales en la 

presente invención, y se pueden mencionar, por ejemplo, derivados de 

camptotecina tai como clorhidrato de ¡rinotecan, clorhidrato de nogitecan, 

exatecan, RFS-2000, lurtotecan, BNP-1350, Bay-383441, PNU-166148, IDEC- 

132, BN-80915, DB-38, DB-81, DB-90, DB-91, CKD-620, T-0128, ST-1480, ST- 

1481, DRF-1042, DE-310; derivado de taxano tal como hidruro de docetaxel, 

docetaxel, pacritaxel, IND-5109, BMS-184476, BMS-188797, T-3782, TAX- 

1011, SB-RA-31012, SBT-1514 Y DJ-927; ifosfamida, clorhidrato de nimstina, 

carvocon, ciclofosfamida, dacarbazina, tiotepa, busulfan, melfaran, ranimustina, 

fosfato de estramustina sódico, 6-mercaptopurina ribosido, enocitabina, 

clorhidrato de gemcitabina, carmfur, citarabina, ocfosfato de citarabina, tegafur, 

doxifluridina, hidroxicarbamida, fluorouracilo, metotrexato, mercaptopurina, 

fosfato de fludarabina, actinomicina D, clorhidrato de aclararubicina, clorhidrato 

de idarubicina, clorhidrato de pirarubicina, clorhidrato de epirubicina, clorhidrato 

de daunorubicina, clorhidrato de doxorubicina, epirubicina, pirarubicina, 

daunorubicina, doxorubicina, clorhidrato de pirarubicina, clorhidrato de 

bleomicina, zinostatin estimalamer, neocarzinostatin, mitomicina C, sulfato de 

bleomicina, sulfato de peplomicina, etoposido, tartrato de vinorelbina, sulfato de 

vincrestina, sulfato de vindesina, sulfato de niblastina, clorhidrato de amrubicina, 

gefinitib, exemestano, capecitabina, TNP-470, TAK-165, KW-2401, KW-2170, 

KW-2871, KT-5555, KT-8391, TZT-1027, 5-3304, C5-682, YM-511, YM-598, 

TAT-59, TA5-101, TAS-102, TA-106, FK-228, FK-317, E7070, (8E, 12E, 14E)- 

7[(4-cicloheptipiperazina-1-il)carbonil]oxi-3,6,16,21-tetrahidroxi-610,12,16,20- 

pentametil-18,19-epoxitricosa-8,12,14-trien-11 -ólido (E7107), KRN-700, KRN-



5500, J-107088, HMN-214, SM-11355, ZD-0473, etc. con respecto a los 

compuestos registrados como sales entre los agentes antitumorales

mencionados anterior, cualquier sal es aceptable, y los cuerpos libres también 

son aceptables. Con respecto a ios compuestos registrados como cuerpos 

libres, cualquier sal es aceptable.

No hay limitaciones particulares sobre agentes antibacterianos, y 

se pueden mencionar, por ejemplo, anfotericina B, cefotiam hexilo,

cefaiosporina, cloramfenicol, diclofenaco, etc. Con respecto a compuestos de 

los agentes antibacterianos mencionados en lo anterior, cualquier sal es 

aceptable.

No hay limitaciones particulares sobre agentes antiinflamatorios, y 

se pueden mencionar, por ejemplo, prostaglandinas (PGE1, PGE2),

dexametasona, hidrocortisona, piroxicam, indometacina, prednisolona, etc. Con 

respecto a compuestos de los agentes antiinflamatorios mencionados en lo 

anterior, cualquier sal es aceptable.

No hay limitaciones particulares sobre agentes de infarto anti- 

miocárdico y se pueden mencionar, por ejemplo, adenosina, etanolol, 

pilsicainida, etc. y como agentes de contraste, se pueden mencionar, por 

ejemplo, iopamidol, ácido ioxáglico, iohexol, iomeprol, etc. Con respecto a los 

compuestos de los agentes de infarto anti-miocárdico mencionados anterior y 

agentes de contraste, cualquier sal es aceptable.

(Lipidos)

Es preferible que los constituyentes de membrana del liposoma de 

la presente invención incluyan fosfolípidos y/o derivados de fosfolípido. Como 

fosfolípidos y derivados de fosfolípido se pueden mencionar, por ejemplo, 

fosfatidil etanolamina, fosfatidil colina, fostatidil serina, fosfatidil inositol, fosfatidil 

gllcerol, cardiolipina, esfingomielina, ceramida fosforiletanolamina, ceramida 

fosforil glicerol, ceramida fosforil gllcerol, fosfato, 1,2-d¡miristoil-1,2- 

deoxifosfatidil colina, plasmalogeno, ácido fosfatídico, etc.

No hay limitaciones particulares sobre residuos de ácido graso en 

los fosfolípidos y derivados de fosfolípido, y se pueden mencionar, por ejemplo 

el residuo de ácido graso saturado no insaturado con un número de carbonos 

de 12 a 20. Específicamente, se pueden mencionar grupos de acilo derivados 

de ácido graso tal como ácido láurico, ácido mirístico, ácido palmítico, ácido 

esteárico, ácido oleico y ácido linoleico. También se pueden utilizar fosfolípidos 

derivados de sustancias naturales tal como la lecitina de yema de huevo y
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lecitina de soja, lecitina de yema de huevo parcialmente hidrogenada cuyo 

residuo de ácido graso insaturado es parcial o completamente hidrogenado 

(completamente) lecitina de yema de huevo hidrogenada, lecitina de soja 

parcialmente hidrogenada, lecitina de soja (completamente) hidrogenada, etc.

No hay limitaciones particulares sobre la cantidad de mezclado 

(fracción en mol) de los fosfolípidos y/o derivados de fosfolípido que se utilizan 

cuando se prepara el liposoma, pero es preferible de 10 a 80% relativo a la 

composición de membrana de liposoma completa, y es más preferible 30 a 

60%.

Con respecto a los constituyentes de membrana, aparte de los 

fosfolípidos y/o derivados de fosfolípido, el liposoma de la presente invención 

también puede incluir esteróles tal como colesterol y colesterol como 

estabilizadores de membrana, ácidos grasos que tienen grupos acilo saturados 

e insaturados con un número de carbonos de 8 a 22 y antioxidantes tal como a- 

tocoferol.

No hay limitaciones particulares sobre la cantidad de mezclado 

(fracción en mol) de estos esteróles que se utilizan cuando se prepara el 

liposoma, pero es preferible 1 a 60% relativo a la composición de membrana de 

liposoma completa, es más preferible 10 a 50% y es aún más preferible 30 a 

50%.

Por otra parte, no hay limitaciones particulares sobre la cantidad 

de mezclado (fracción en mol) de los ácidos grasos, pero es preferible de 0 a 

30% relativo a la composición de membrana de liposoma completa, es más 

preferible 0 a 20% y es aún más preferible 0 a 10%. Con respecto a la cantidad 

de mezclado (fracción en mol) del antioxidante, es suficiente y se adiciona a 

una cantidad que puede obtener el efecto antioxidante, pero es preferible 0 a 

15% de la composición de membrana de liposoma completa, es más preferible 

0 a 10% y es aún más preferible 0 a 5%.

El liposoma de la presente invención también puede contener 

lipidos funcionales y lipidos modificados como constituyentes de membrana.

Como lipidos funcionales, se pueden mencionar derivados de 

lipidos retenidos en la sangre, derivados de lipidos sensibles a la temperatura, 

derivados de lipidos sensibles al pH, etc. Como lipidos modificados se pueden 

mencionar lipidos de PEG, lipidos de azúcar, lipidos modificados con 

anticuerpo, lípido modificados con péptido, etc.

Como derivados de lipidos retenidos en la sangre, se pueden



mencionar, por ejemplo, glicoforina, gangliosido GM1, gangliosido GM3, 

derivados de ácido glucorónico, derivados de ácido glutámico, derivados de 

fosfolípido de glicerina, derivados de polietilenglicol (condensado de 

metoxipolietilenglicol, etc.) tal como N - [carbonil -  metoxi polietilenglicol - 2000]

- 1,2 -  dipalmitoil -  sn -  glicero -  3 fosfoetanolamina, N - [carbonil -  metoxi 

polietilenglicol - 5000] -1,2 -  dipalmitoil -  sn -  glicero - 3 -  fosfoetanolamina, N

- [carbonil -  metoxi polietilenglicol - 750] - 1,2 -  dipalmitoil -  sn -  glicero -  3 

fosfoetanolamina, N - [carbonil -  metoxi polietilenglicol - 2000] -1,2 -  dipalmitoil

-  sn -  glicero - 3 -fosfoetanolamina (MPEG 2000 -  distearoil fosfatidil 

etanolamina), y N - [carbonil -  metoxi polietilenglicol - 5000] - 1,2 -  diestearoil -  

sn -  glicero -  3 -  fosfoetanolamina, que son condensados de fosfoetanolamina 

y metoxi polietilenglicol. Al tener el liposoma que contiene derivados de lípido 

con propiedades de retención en la sangre, es posible mejorar la retención en la 

sangre de liposoma, debido a que el liposoma llega a ser difícil de capturar en el 

hígado, etc., como una impureza extraña.

Como derivados de lipidos sensibles a la temperatura, se pueden 

mencionar, por ejemplo, dipalmitoil fosfatidilcolina, etc. Al tener el liposoma que 

contiene derivados de lipidos sensibles a la temperatura, es posible causar la 

destrucción de liposoma en temperaturas específicas, y causar cambios en las 

propiedades superficiales de liposoma. Además, al combinar esto con un 

incremento en la temperatura en el sitio objetivo del tumor, etc., es posible 

destruir el liposoma en el sitio objetivo, y liberar el compuesto activo en el sitio 

objetivo.

Como derivados de lipidos sensibles al pH, se pueden mencionar, 

por ejemplo, dioleoil fosfatidil etanolamina, etc. Al tener el liposoma que 

contiene derivados de lipidos sensibles al pH, es posible promover la fusión de 

membrana de liposoma y endosoma cuando el liposoma se incorpora en las 

células debido a la endocitosis, y mejorar la transmisión del compuesto activo al 

tejido celular.

Como lipidos de azúcar, lipidos modificados con anticuerpos y 

lípido modificados con péptido, se pueden citar líquidos que son enlazados con 

azúcares, anticuerpos o péptidos que son compatibles con las células objetivo o 

tejido objetivo. Al utilizar lipidos modificados, el liposoma puede ser transmitido 

activamente a las células objetivo o tejido objetivo.

No hay limitaciones particulares sobre la cantidad de mezclado 

(fracción en mol) de derivados de lípido con propiedades de retención en la



sangre utilizados cuando se prepara el liposoma, pero es preferible 0 a 50% de 

la totalidad de lipidos constituyentes de membranas de liposoma, es más 

preferible 0 a 30% y es aún más preferible de 0 a 20%.

(Liposoma)

Como es mencionado en lo anterior, el liposoma es una vesícula 

cerrada microscópica que tiene una fase interna encerrada por una bicapa de 

lípido.

Idealmente, con respecto al liposoma, a) es preferible que la 

eribulina, etc. tenga una función de barrera que prevenga su fuga a la fase 

externa de liposoma después de que la eribulina, etc. es una vez atrapada en la 

fase interna de liposoma. En el caso, en donde se utiliza como una medicina, es 

preferible que el liposoma exhiba estabilidad in vivo, y que la eribulina etc., 

tenga una función de barrera que prevenga su escape a la fase externa de 

liposoma en la sangre cuando el liposoma se administra in vivo.

La composición de los constituyentes de membrana para liposoma 

que tienen tal permeabilidad de membrana en un nivel que permite la aplicación 

práctica se puede seleccionar apropiadamente por aquellos expertos en la 

técnica de acuerdo con el compuesto activo, tejido objetivo y los similares 

mediante la referencia como es necesario en las modalidades descritas 

enseguida (Huroshi Kikuchi, y colaboradores, “Liposome I— Preparation 

Methodo and Assay Methodo--,”, Cell Technology (1983), 2(9): pp, 1136-1149, y 

la literatura de referencia citada en la literatura).

Cuando se utiliza como una medicina, es preferible que la 

eribulina, etc. sea liberada del liposoma después de que el liposoma alcanza el 

tejido objetivo, células u organelas intracelulares. Con respecto al liposoma, los 

constituyentes de membrana por si mismos son ordinariamente biodegradables, 

y finalmente se descomponen en el tejido objetivo o los similares. Se cree que 

la eribulina atrapada, etc. es liberada de esta manera. Por otra parte, también 

es aceptable si el liposoma mismo es incorporado en las células.

No solamente puede la composición de liposoma ser dirigida al 

tejido objetivo tal como el cáncer sólido, sino también se puede utilizar para 

transmitir compuestos activos al cáncer hematológico y así sucesivamente. 

También se puede utilizar como una formulación de liberación lenta, 

formulación de liberación controlada, etc. en la sangre.

El tamaño de partícula del liposoma se puede ajustar de acuerdo 

con el objetivo. Por ejemplo, cuando se propone para transmitir liposoma al
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tejido canceroso o tejido inflamado mediante el efecto de EPR (Permeabilidad 

de Retención Aumentada) como un producto de inyección o los similares, es 

preferible que el tamaño de partícula de liposoma sea de 30 a 400 nm, y es más 

preferible que el tamaño de partícula sea de 50 a 200 nm. En el caso donde la 

intención es transmitir el liposoma al macrófago, es preferible que el tamaño de 

partícula de liposoma sea 30 a 1000 nm, y es más preferible que el tamaño de 

partícula sea 100 a 400 nm. En el caso donde la composición de liposoma se va 

a utilizar como una preparación oral o preparación transdérmica, el tamaño de 

partícula de liposoma se pueden ajustar en varias mieras. Se va observar que 

(1) en el tejido normal, las paredes vasculares sirven como barreras (debido a 

que las paredes vasculares están densamente constituidas por células 

endoteliales vasculares) y las micropartículas tales como supermoléculas y el 

liposoma de tamaño especificado no puede ser distribuido dentro del tejido. Sin 

embargo, en el tejido enfermo, las paredes vasculares están sueltas (debido a 

que intersticios existen entre las células endoteliales vasculares) incrementando 

la permeabilidad vascular, y las supermoléculas y micropartículas se pueden 

distribuir al tejido extravascular (permeabilidad aumentada). Por otra parte (2) el 

sistema linfático es bien desarrollado en el tejido normal, pero es conocido que 

el sistema linfático no es desarrollado en el tejido enfermo, y que las 

supermoléculas o micropartículas, una vez incorporadas, no son recicladas a 

través del sistema general, y son retenidas en el tejido enfermo (retención 

aumentada)—esto es llamado el efecto EPR (Matsumura, Maeda, Cáncer 

Research. (1986), 46: pp. 6387-6392). Consecuentemente, es posible controlar 

la farmacocinética ai ajustar el tamaño de partícula de liposoma.

En la presente invención, el tamaño de partícula de liposoma 

significa el tamaño de partícula promedio en peso de acuerdo con el método de 

dispersión de luz dinámica (método de dispersión de luz cuasi-elástica). Aquí, el 

tamaño de partícula se muestra que es medido por los instrumentos de 

dispersión de luz dinámica (por ejemplo, Zsatasizer Nano ZS modelo 

manufacturado por Malvern Instrumets Ltd. y ELS-8000 manufacturado por 

Otsuka Electronics Co, Ltd). Los instrumentos miden el movimiento Browniano 

de las partículas, y el tamaño de partícula se determina basado en la teoría 

metodológica de dispersión de luz dinámica establecida.

No hay limitaciones particulares sobre el solvente de la fase 

interna de liposoma, y se pueden mencionar, por ejemplo, soluciones 

reguladoras tal como la solución reguladora de fosfato, solución reguladora de



citrato y soluciones salina fisiológica regulada de fosfato, agua salina fisiológica, 

medios de cultivo para cultivos celulares, etc. Como el solvente, en el caso 

donde se utiliza solución reguladora, es preferible que la solución del agente 

regulador sea 5 a 300 mM, y es más preferible 10 a 100 mM. No hay 

limitaciones particulares sobre el pH de la fase interna de liposoma, pero es 

preferible de 3 a 11, y es más preferible 4 a 9.

(Composición de liposoma)

Se ofrece una composición de liposoma de acuerdo con la 

presente invención. La composición de liposoma contiene liposoma, y además 

contiene eribulina, etc. en la fase interna de liposoma. Como es mencionado en 

lo anterior, la composición de liposoma incluye tanto una forma sólida y una 

forma líquida. En el caso donde el liposoma esta en una forma sólida, este se 

puede hacer en una forma líquida al disolverlo o suspenderlo en un solvente 

preescrito como es descrito enseguida. En el caso donde la composición de 

liposoma es sólida congelada, esta se puede hacer en una forma líquida al 

fundir al dejarla en reposo a temperatura ambiente.

La concentración de liposoma en la concentración del compuesto 

activo en la composición de liposoma se puede ajustar apropiadamente de 

acuerdo con la composición de liposoma objetivo, formulación, etc. En el caso 

donde la composición de liposoma es una formulación líquida, la concentración 

de liposoma como la concentración de todos los lipidos que constituyen el 

liposoma se pueden ajustar en 0.2 a 100 mM, y de preferencia en 1 a 30 mM. 

La concentración (dosificación) de compuestos activos en el caso donde la 

composición de liposoma se utiliza como una medicina se describe enseguida. 

Con respecto a cantidades de ciclodextrina en la composición de liposoma, es 

preferible que sea menor que un equivalente de 0.1 mol con relación a la 

eribulina, etc., y es más preferible que sea menor que el límite de detección.

En la composición de liposoma de la presente invención, la 

eribulina, etc. se puede proporcionar a la bicapa de lípido.

No hay limitaciones particulares sobre el solvente (medio de 

dispersión) de la composición de liposoma en el caso de donde la composición 

de liposoma es una formulación líquida, y se puede mencionar, por ejemplo, 

soluciones reguladoras tal como la solución reguladora de fosfato, solución 

reguladora de citrato y solución salina fisiológica regulada de fosfato, agua 

salina fisiológica y medios de cultivo para cultivos celulares. No hay limitaciones 

particulares sobre el pH de la fase externa de liposoma de la composición de
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liposoma, pero es preferible 3 a 11 y es más preferible 4 a 9.

También se puede adicionar lo siguiente a la composición de 

liposoma: monosacáridos tales como glucosa, glactosa, mañosa, fructosa, 

inositol, ribosa y xilosa; disacáridos tales como lactosa, sacarosa, cellobiosa, 

trehalosa y maltosa; trisacáridos tal como rafinosa y melizitosa; polisacáridos tal 

como ciclodextrina; y alcoholes de azúcar tal como eritritol, xilitol, sorbitol, 

manitol y maltitol; alcoholes polivalentes tales como glicerina, diglicerina, 

poliglicerina, propilenglicol, polipropilenglicol, etilenglicol, dietilenglicol, 

trietilenglicol, polietilenglicol, éter monoalquílico de etilenglicol, éter 

monoalquílico de dietilenglicol, 1,3-butilenglicol. También se puede utilizar 

combinaciones de azúcar y de alcohol.

Para propósitos de almacenamiento a largo plazo estable del 

liposoma que es dispersado en el solvente (medio de dispersión), desde el 

punto de vista de la estabilidad física que incluye coagulación y así 

sucesivamente, es preferible eliminar el electrolito en el solvente (medio de 

dispersión) tanto como sea posible. Por otra parte, desde el punto de vista de la 

estabilidad química de los lipidos, es preferible ajustar el pH del solvente (medio 

de dispersión) de acídico a la vecindad de neutro 8pH 3.0 a 8.0) y remover el 

oxígeno resuelto a través del burbujeo de nitrógeno.

No hay limitaciones particulares sobre la concentración del azúcar 

o alcohol polivalente contenido en la composición de liposoma, pero en un 

estado donde el liposoma es dispersado en un solvente, por ejemplo, es 

preferible que la concentración de azúcar sea 2 a 20% (W/V) 5 a 10% (W/V) es 

más preferible. Con respecto a la concentración de alcohol polivalente, 1 a 5% 

((W/V) es preferible y 2 a 2.5% (W/V) más preferible. Estos solventes también 

se pueden utilizar como la fase externa de liposoma en el líquido de dispersión 

de liposoma, el sustituir o diluir la fase externa de liposoma de la solución 

preparatoria de liposoma con este solvente, es posible cambiar la solución de la 

fase externa de liposoma en estas soluciones.

Es preferible que las formulaciones sólidas de la composición de 

liposoma incluyan, por ejemplo, monosacáridos tales como glucosa, glactosa, 

mañosa, fructosa, inositol, ribosa y xilosa, disacáridos tales como lactosa, 

sacarosa, cellobiosa, trehalosa y maltosa; trisacáridos tales como rafinosa y 

melizitosa; polisacáridos tales como ciclodextrina; y alcoholes de azúcar tales 

como eritritol, xilitol, sorbitol, manitol y maltitol. Más preferible son mezclas de 

glucosa, lactosa, sacarosa, trehalosa y sorbitol. Aún más preferibles son



mezclas de lactosa, sacarosa y trehalosa. Por este medio, las formulaciones 

sólidas se pueden almacenar mientras períodos largos. Cuando se congela, es 

preferible que las formulaciones sólidas mantengan alcoholes polivalentes 

(soluciones acuosas) tales como glicerina, diglicerina, poliglicerina, 

propilenglicol, piliprolenglicol, etilenglicol, dietilenglicol, trietilenglicol, 

polietilenglicol, éter monoalquílico de etilenglicol, éter monoalquílico de 

dietilenglicol y 1,3-butilenglicol. Con respecto a alcoholes polivalentes 

(soluciones acuosas), glicerina, propilenglicol y polietilenglicol son preferibles, y 

glicerina y propilenglicol son más preferibles. Por este medio es posible 

almacenar establemente la formulación sólida durante períodos largos. Los 

azúcares y alcoholes polivalentes se pueden utilizar en combinación.

(Método de manufactura de la composición de liposoma)

De acuerdo con la presente invención, se proporciona un método 

de manufactura para la manufactura de una composición de liposoma que 

contiene eribulina o su sal farmacológicamente permisible. El método para 

manufacturar la composición de liposoma incluye: una etapa en la cual se 

proporciona un líquido de dispersión de liposoma que contiene liposoma; una 

etapa en la cual el líquido de dispersión de liposoma mencionado en lo anterior 

se mezcla con el compuesto activo mencionado en lo anterior (eribulina o su sal 

farmacológicamente aceptable); y una etapa en la cual se introduce el 

compuesto activo mencionado en lo anterior en la fase interna de liposoma del 

líquido de dispersión de liposoma mencionado en lo anterior.

Es preferible que la etapa en la cual se proporciona el líquido de 

dispersión de liposoma que contiene liposoma incluya una etapa en la cual se 

proporciona una solución preparatoria de liposoma, y una etapa en la cual la 

fase externa de liposoma de la solución preparatoria de liposoma mencionado 

en lo anterior se sustituye o se diluye.

La solución preparatoria de liposoma se puede proporcionar, por 

ejemplo, al preparar liposoma en una solución que contiene sal de amonio. Al 

preparar la solución preparatoria de liposoma en una solución que contiene sal 

de amonio, es posible hacer un líquido de dispersión de liposoma que también 

contiene sal de amonio en la fase interna de liposoma.

No hay limitaciones particulares sobre la solución que contiene sal 

de amonio que es utilizada cuando se prepara la solución preparatoria de 

liposoma, y se puede utilizar cualquier solución que contiene sal de amonio.

Como sal de amonio, se puede citar, por ejemplo, cloruro de



21

amonio, borato de amonio, sulfato de amonio, formiato de amonio, acetato de 

amonio, citrato de amonio, tartrato de amonio, succinato de amonio y fosfato de 

amonio. El sulfato de amonio, sulfato de amonio, citrato de amonio, tartrato de 

amonio y fosfato de amonio son preferibles entre estos; sulfato de amonio, 

citrato de amonio y tartrato de amonio son más preferibles y sulfato de amonio 

es mucho más preferible.

Se puede utilizar estas sales de amonio en combinaciones de dos

o más.

La concentración de sal de amonio en la solución que contiene sal 

de amonio se puede ajustar apropiadamente de acuerdo con la cantidad de 

eribulina, etc., que es atrapada, y entre más alta es mejor; 10 mM o más es 

preferible; 20 mM o más es más preferible y 50 mM o más es aun más 

preferible. Con respecto al pH de la solución que contiene sal de amonio, 3 a 9 

es preferible, 4 a 9 es más preferible desde el punto de vista del balance de la 

relación de atrapamiento y estabilidad, y 5 a 8 es aún más preferible.

Un ajustador de pH se puede utilizar con el fin de ajustar el pH de 

la solución que contiene sal de amonio. No hay limitaciones particulares sobre 

la concentración de los ajustadores de pH individuales en la solución que 

contiene sal de amonio, pero 1 a 300 mM es preferibles y 5 a 100 mM es más 

preferible.

Como el ajustador de pH, se puede mencionar, por ejemplo, 

aminoácidos tales como arginina, histidina y glicina; ácidos tales como ácido 

ascórbico, ácido benzoico, ácido cítrico, ácido glutámico, ácido fosfórico, ácido 

acético, ácido propiónico, ácido tartárico, ácido carbónico, ácido láctico, ácido 

bórico, ácido maleico, ácido fumárico, ácido málico, ácido adípico, ácido 

clorhídrico y ácido sulfúrico; sales de los ácidos mencionados en lo anterior tal 

como la sal de sodio, sal de potasio o sal de amonio; y compuestos alcalinos 

(base) tal como tris-hidroximetilamino metano, agua amoniatada (amoníaco), 

hidróxido de sodio e hidróxido de potasio. Como ajustadores de pH, el hidróxido 

de sodio, ácido clorhídrico, agua amaniatada, ácido acético, ácido láctico, ácido 

tartárico, ácido succínico, ácido cítrico y ácido fosfórico son preferibles; 

hidróxido de sodio, agua amonatiada, ácido clorhídrico, ácido acético, ácido 

cítrico y ácido fosfórico son más preferibles; e hidróxido de sodio, agua 

amonatiada, ácido clorhídrico, ácido cítrico y ácido fosfórico solo aún más 

preferibles. Los ajustadores de pH se pueden utilizar en combinaciones de dos 

o más de las sales de amonio. Además, las soluciones reguladoras también se
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fosfato,so^ón reguladora de o ^ a to yso ^o n essa^a^o ^ca  reglada de 

fosfato.

Como la soluolón preparatoria de liposoma, es mejor usar una 

soluolóo que se obtiene al preparar liposoma sin Inclusión sustancial de 

ciclodextrina. Como la solución preparatorlade liposoma, la fase Internade 

llposomatamblón puede contener, sal, ácido, basey/oam lnoácldo. En este 

caso, es preferlbleque la fase  Interna de liposoma contenga el compuesto 

activo,sa lde  am onloyácldo.C om o la sa lde amonio,el sulfato de amonio se 

puede mencionar como el ejemplo preferido. Como el ácido, el ácido cítrico se 

puede mencionar como el ejemplo preferido.

Con respectoala preparación de liposoma,se puede mencionar el 

método de película de lipidos (método deVórtlce),m étodo de evaporación de 

fase Inversa, método ultrasónico, método de pre-veslcula, método de Inyección 

deetanol, método de prensa francesa, método de remoción de ácido cólico, 

método de lote deTrlton^BlOO,método de fusión Ca^,m étodo de Inyección de 

éter,método de recosido,método de congelación-descongelación,etc.

Las diversas condiciones (cantidades de constituyentes de 

membrana, temperatura, e tc), en la preparación de liposoma se pueden 

seleccionar adecuadamente de acuerdo con el método de preparación de 

liposoma, composición de liposoma objetivo, tamaño de partícula, etc. (ver Op. 

C l t , ^ u c b l ( ^ 3 ) , e t c )

El tamaño de partícula de liposoma se puede ajustar 

opclonalmente como sea necesario. El tamaño de partícula se puede ajustar, 

por ejemplo, al conducir extrusión (filtración de extrusión) bajo alta presión 

utilizando un filtro de membrana de diámetro de poro regular. El ajuste del 

tamaño de partícula se puede conducir en cualquier tiempo durante la 

manufactura de la composición de liposoma de la presente Invención. Por 

ejemplo, se puede conducir antes del ajuste de la fase externa de liposoma en 

la solución preparatoria de liposoma, después del ajuste de la fase externa de 

liposoma en la solución preparatoria de liposoma,odespués de la Introducción 

del compuesto activo en la fase Interna de liposoma. Es preferible conducir el 

ajuste de tamaño de partícula antes de Introducir el compuesto activo en la fase 

ln te rn a d e llp o so m a ,ye sm á sp re fe rib le co n d u c lrlo a n te sd e a ju s ta r la fase  

externa de liposoma en la solución preparatoria de liposoma.

El liquido de dispersión de liposoma se puede obtener al sustltulro



^  fase externa de la solución preparatoria de liposoma obtenida. La 

sustitución de la fase externa de liposoma se puede oonduolr una ve z ,o u n a  

comblnaclónde varios tipos de métodos desustltuc lónodlluc lón  sepueden 

conducir múltiples veces.

Como un método para sustituir la fase externa de liposoma de la 

solución preparatoria de liposoma, se puede mencionar la diálisis, separación 

centrlfugayflltraclón en gel.A lsustitu ir la fase externa de liposoma,la presente 

Invención se puede Implementar de modo que la fase externa de liposoma no 

contiene sustanclalmenteclclodextrlnaosal de amonio. Por otra parte, sustituir 

o diluir la fase externa de liposoma, es posible atrapar eficientemente la 

eribullnaosu sal farmacológicamente permisible en la fase Interna de liposoma.

La diálisis se puede conduclr,por ejemplo,usando una membrana 

de diálisis. Como una membrana de diálisis, se puede mencionar una 

membrana con un co rtede  peso molecular ta lcom o un tu b o d e c e lu lo s a o  

5pectra/Por

Con respectoa la  separación centrifuga,la aceleración centrifuga 

se puede conducir de preferenclaa100,000 g o m á s  a lta ,ym ás de preferencia 

a 300,000 g o más altas. Al sustituir la fase externa de liposoma por 

centrifugación, también se puede conducir la concentración de liposoma en 

conjunción con la sustitución de la fase externa de liposoma.

La filtración en gel se puede llevaracabo,por ejemplo,al conducir 

elfracclonamlento basadoen el peso molecular utilizando una columna tal 

comoSepbadexoSepbarose.

Como el solvente (medio de dispersión) utilizado cuando se 

sustituye o diluye la fase externa de liposoma, se puede mencionar, por 

ejemplo,la solución de sacarosa,solución sallnaym edlo de cultivo para cultivo 

celular. Al usar estos solventes, es posible preparar una composición de 

liposoma estable.

No bay limitaciones particulares sobre el p^l del solvente, pero un 

ln te rva lo de 2  a t t  se puedeajustar; 3 a  tO espre fe rlb le , 6 a tO e s m á s  

preferibley 7 a tO e s a ú n  máspreferlble, com oesdescrltoensegulda, un 

g rad len tede p ^ lse pu ed eu tlllza rpa ra ln tro du o lrla e ribu lln a , etc. e n la fa s e  

Interna de liposoma. En este caso, el pFI de solvente se puede ajustar de modo 

que la fase externa de liposoma alcance el pl̂ l objetivo.

Lln ajustador de pFI se puede utilizar con el fin de ajustar el pFI en 

el solvente. No bay limitaciones particulares sobre la concentración de uso, pero
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mM es es más p re fe r id

Como el gustador de se puede menolooa4  por ejemplo, 

amlooáoldos tales oomo a rg lo lo ^ h ls t ld lo ^ y g llo l^ á o ld o s  tales oomo áoldo 

asoór^oo,áoldoheozoloo,áoldooltrloo,áoldoglutám loo,áoldo fosfórico, áoldo 

aoótloo,áoldoproplóoloo,áoldo tartárico,áoldooarhóoloo,áoldo láctico,áoldo 

bórico, ácido malólco, ácido fumárico, ácido málico, ácido adlploo, ácido 

clorhldrlcoyácldo sulfúrico; sales de los ácidos meoclooadoseo lo anterior tal 

como sal de sodio,sal de potasloysa l de amonlo;ycompuestos alcalinos tal 

como trls-hldroxlmetlloamloo metano, agua amoratada, hidróxido de sod loe  

hidróxido de potasio, hidróxido de sodio, ácido clorhídrico, hlstldloa, ácido 

tartárico, ácido succínico, ácido cítrico y ácido fosfórico son preferibles; 

hidróxido desodlo, ácido clorhldrlcohlstldlna, ácldotartárlco, á c ld o c ltr lco y  

ácido fosfórico son más preferibles; e hidróxido de sodio, ácido clorhídrico, 

hlstldlnayácldo fosfórico son aún más preferibles.

Con el fin de mejorar la relación de atrapamiento de erlbullnaosu 

sal farmacológicamente permisible en el liposoma, la relación de atrapamiento 

se puede Incrementar al adicionar una solución (solución de sal) que contiene 

e lectro lltoa la  fase externa de liposoma para Incrementar la Intensidad Iónica. 

No hay limitaciones particulares sobre el electrolito (sal) contenido en la fase 

externa de liposoma,pero cloruro de sodloycloruro de potasio son preferibles, 

ycloruro de sodio en más preferible.También se puede utilizar solución salina 

fisiológica, poro tra  parte, como la fase  externade llposomadel llqu ldode 

d lspers lónde llposom aolosslm lla res, azúcar, electrolito y/o aminoácidos se 

pueden lnclu lr,yazúcaroe lectro llto  de aminoácidos también se puede Incluir. 

Como azúcar, sacarosa se pueden echar como el ejemplo preferido, como 

electrolito, la solución salina fisiológica de cloruro de sodio se puede mencionar 

comoejemplospreferldos,ycom oam lnoácldos,hlstldlna se puede mencionar 

como el ejemplo preferido.

Es preferible que el liquido de dispersión de liposoma obtenido no 

contenga sustanclalmente el clclodextrlnaosal de amonio en la fase externa de 

llposom ayla fase Interna de liposoma,ver la presente Invención,la erlbullnao 

salyfarmacológlcamente permisible se puede Introducir en la fase Interna de 

liposoma aún en el caso donde la clclodextrlnaosal de amonio tiene por alguna 

razón que ser adlc lonadaala  fase externa de liposoma de lípido especial de 

liposoma,yaún cuando la fase externa de liposoma de liquido de dispersión de 

liposoma contiene clclodextrlnaosal de amonio.



25

de d ispe^ó^ de nosema, 1 a 100 mM es preferible, y 1-50 mm es más 

preferible. Oer^fro de esfos Intervalos, es poslbleformaradeouadamenfe un 

número más grande de partículas de liposoma slo deteriorar las propiedades 

flsloas del liquido de dispersión de liposoma.

La composición de liposoma se puede obtener al mezclar el 

liquido de dispersión de liposoma obten ldoye l compuesto activo de eribulina, 

etc., y al Introduclrel compuesto actlvoen la fase Interna del liposoma de 

liquido de dispersión de liposoma. Es preferible que laetapa de Introducción 

Inc luyaunae tapaen  la cual la perm eabllldaddem em branadellposom ase 

aumente en laso luc lónm ezc ladade l liquido de dispersión de llposom aye l 

compuesto activo. Por este m edlo,el atrapamiento de la eribulina, e tc .en  el 

liposoma se puede realizar en un periodo mas corto de tiempo. 5ln embargo, 

aún si no se conducen operaciones particulares para el propósito de aumentar 

la permeabilidad de membrana de liposoma después del mezclado del liquido 

de dispersión de llposom ayerlbullna ,e tc.,es posible atrapar la eribulina,etc. 

en el liposoma si se toma el tiempo requerido.

En la etapa en la cual se mezcla la eribulina o su sal 

farmacológicamente permisible, espos lb leusa runasus tanc lad lsue ltaen  un 

solvente o una sustancia sólida como la eribulina, etc. No hay limitaciones 

particulares sobree l solvente y se puede usar, porejemplo, una sustancia 

Idéntlcaala fase externa de liposoma del liquido de dispersión de liposoma.

En una opción como sea necesario, es posible usar un gradiente 

de p í e n la  Introducción de eribulina,etc.,en la fase Interna de liposoma.En 

este caso, con respecto a lp F ld e la fa s e  Internade llposomadel llqu ldode 

dispersión de lip o s o m a ,3 a 9 e s  p re fe r ib le ,4 a 9 e s  más p re fe r lb le y 5 a 8 e s  

aún más preferible.

Poro tra  parte, es pos lb lea justare l pl̂ l de la fase  externa de 

liposoma m á sa lto q u e  el p^l de la fase Interna de liposoma para crear un 

gradiente de p^l. Un gradiente de píxide 1 5 e s p re fe r ib le ,y 2 a 3 e s m á s  

preferible.

Además, es posible Incrementar la relación de atrapamiento en el 

liposoma al lleva re l pl̂ l de la fase  externa de liposoma máscercano a la 

vecindad del p^a de e ribu lina ,e tc .7 .5a12 .5  es preferible,8.5 a 1 1 .5 es más 

p re fe rlb le y9 a 1 0 .5  es aún más preferible (el pl^a de mesilato de eribulina es 

96)
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usar una

s o lu to  que se ob^eoe al preparar liposoma sin looluslón sustancial de 

ciclodextrina.

Como unmótodo para aumentar lapermeabllldad de membrana 

de liposoma en la solución mezclada obtenida, se puede mencionar el método 

de calentamiento de la solución mezclada, el método de adicionar un fluldlzador 

de membranaala solución mezclada,etc.

En el caso donde se callenta la solución mezclada, el compuesto 

activo generalmente puede ser más eficientemente producido en la tase Interna 

de liposoma al calentar a temperaturas más altas. Específicamente, es 

preferible ajustar la temperatura de calentamiento tomando en consideración la 

estabilidad térmica del compuesto ac tlvoy los  constituyentes de membrana de 

liposoma empleados. En particular, es preferible que la temperatura de 

calentamiento se a jus tea la  temperatura de transición de fase de la membrana 

de bicapa de lípido de llposomaomás alta.

La “temperatura de transición de fase” de la membrana de bicapa 

de lípido de liposoma significa la temperatura en la cual la absorción de calor 

Inicia (la temperatura cuando comienza la reacción endotérmica) en el análisis 

térmico diferencial de condiciones de temperaturas elevadas. El análisis térmico 

diferencial es una técnica que permite el análisis de las propiedades térmicas 

de las muestras al m ed lrlasd lfe renc lasde  temperatura de una muestra o 

sustancia de referencia como una función del tlempootemperatura mientras se 

cambia la tem pera turade la m uestraosustancla de referencia. E n e lc a s o  

donde se conduce el análisis térmico diferencial con respecto a los 

constituyentes de membrana de liposoma, los componentes de membrana de 

liposoma flu ldlzanam edlda que se Incrementa la temperatura,yse observa la 

reacción endotérmica. Como es ampliamente conocido en este campo técnico, 

el Intervalo de temperatura en el cual la acción endotérmica se observa 

grandemente varia de acuerdo con los componentes de membrana de 

liposoma. Por ejemplo, en el caso donde los componentes de membrana de 

liposoma consisten de un lípido puro, el Intervalo de temperatura en el cual la 

reacción endotérmica se observaos extremadamente reduc ido,y la reacclón  

endotérm lcafrecuentem enteseobservadentrode un In te rv a lo d e ^ C c o n  

relaciónala temperatura pico endotérmico.Por otra parte, en el caso donde los 

componentes de membrana de liposoma consiste de múltiples lipidos, y 

particularmente en el caso donde los componentes de membrana de liposoma



c o n s te  de derivados de materiales naturales, en el Intervalo de

temperatura en el oual la reaoolón endotérmica se observa debe ser am plloy la  

reacción endotérmica se observa, por ejemplo, dentro de un Intervalo de ácido 

de con relación a la temperatura pico endotérmico. Esto es, un pico 

amplio, etc. se observa. Oe acuerdo con la presente Invención, se cree que la 

fluldlzaclón de m em branadellposom ase Inc rem en tad la  permeabilidad de 

membrana del compuesto activo se Incrementa al elevar la temperatura más 

alta que la temperatura de retención de tase de lamembrana de blcapade 

lípido de liposoma.

Por ejemplo,aunque dependiente de la estabilidad té rm lcaya s l 

sucesivamente del compuesto activo y los constituyentes de membrana de 

liposoma empleados, es preferible tener un Intervalo de temperatura desde la 

temperatura de transición de fase de la membrana de bicapa de lípido de 

liposoma a ^20^0 de la temperatura de transición de fase; un Intervalo de 

temperatura desde la temperatura de transición de fase a ^10^0 de la 

temperatura de transición de fase más preferlble;yun Intervalo de temperatura 

desde ^ O d e la  temperatura de transición de fasea^lO ^O  de la temperatura 

de transición de fase es aún más preferible.

La temperatura de calentamiento es ordinariamente 2 0 a  100^0; 

40a80^0  es p re fe r lb le y 4 5 a 6 5 ^  es más preferible.

Específicamente, en el caso de una membrana de liposoma cuyos 

Ingredientes principales son dl-palmltoll fosfatidilcolina (temperatura de 

tra n s lc ló n d e fa s e c o m o s u s ta n c la s lm p le :4 1 ^y c o le s te ro l, auquetamblén 

depende de la composición de la misma, una temperatura de calentamiento de 

4 0 a 6 0 ^0  es ordinariamente p re fe rib le ,y45a50^0  es más preferible. Porotra 

parte, en el caso de una membrana de liposoma cuyos Ingredientes principales 

son fosfatidilcolina de sojabldrogenada(l^5PO; temperatura de transición de 

fase como sustancia simple: 5 0 a 6 0 ^ )y c o le s te ro l,a u n q u e  también depende 

la composición de la misma como una temperatura de calentamiento del 5 0 a  

70^0 es ordinariamente p re fe rib le ,y55a65^c es más preferible. 5ln embargo, 

estas temperaturas de calentamiento de ninguna manera limita la presente 

Invención.

En la etapa de calentamiento, no bay limitaciones particulares 

sobre el tiempo en el cual se mantiene la temperatura en o arriba de la 

temperatura de transición de fa se ,yes ta  se puede ajustar apropiadamente de 

otro Intervalo, por ejemplo, de varios segundos a 30 minutos. Tomando en



dérmica de co m p u s o  a d o s a s !o o m o

^produoo^ndemáse^oieo^esdesea^eoooooldoel^amieofoden^ode 

on^empo oorto. E^oes, espreferihle qoeel pe^ododema^enimieo^ode 
fem pe^u ra  elevada sea d e 1 a 3 0  m ^ o ^ y 2 a 5 m ^ o s  es más p re fe r id  

51o embargo, es^os lempos de manfenlmle^o de femperafura de ninguna 

manera limitan la presente Invenolón.

Por ofra parte oomo es esfal^leoldo en lo anterior, famhlén es 

posible aumentar laperm ea^llldaddem em hranade llposom ayad lo lonar un 

fluldlzador de m em hranaalasoluolónm ezoladao^enlda(esfo es,adicionando 

al lado de fase Inferna de llposomas^Oomo un fluldlzador de membrana,se 

pueden menolonarsolvenfes orgánicos, surfaofanfes, enzimas, efe., que son 

solubles en solvenfes acuosos. Más específicamente, como solvenfes 

orgánicos, sepueden mencionar, por ejemplo, alcoholesmonovalenfesfales 

como alcohol eflllco y alcohol bencílico; alcoholes pollvalenfes fales como 

gllcerlnaypropllengllcol;solvenfes polares apróflcosfal como dlmefllsulfóxldo 

(0M 50). Oomo surfaefanfes se pueden mencionar, por ejemplo, surfaefanfes 

anlónlcosfal como ácido graso sódico, sulfafo de monoalqullo y fosfafo de 

monoalqullo;surfacfanfecaflónlcosfal como la sal de frlmefllamonlo de alquilo; 

surfacfanfesamfollflcosfal como óxido de dlalqulldlmefllamlnaysurfacfanfe no 

Iónicos fal como polloxleflleno,alquil ófer,éfermonogllcérllo de a lqu lloyósfe r 

de sorhlfan de ácido graso. Oomo enzimas, se pueden menclonar,por ejemplo, 

collnesferasa y colesferol oxldasa. Aquellos expertos en al fécnlca puedeh 

ajusfar la canfldad de fluldlzador de membrana de acuerdo con la composición 

de los consflfuyenfes de membrana de liposoma, el fluldlzador de membrana, 

efe. y fo m a nd o en con s lde ra c lón e lg ra do de e flc le nc la de a fra pa m le n fo de l 

compuesfo acflvo debido a la adición del fluldlzador de membrana, la 

estabilidad de liposoma, efe.

E lm é fod od em an u fac fu rad e la com po s lc ló n de llp oso m a de la  

presenfe Invención puede Incluir una efapa de ajusfar el p íd e la  fase exferna 

de liposoma de la composición de liposoma obfenlda después de la efapa de 

Infroducclón mencionada en lo anferlor.

El p í d e la  fase exferna que es ajusfado no es particularmente 

llmlfado, pero de preferencia pueden se r4 a 1 0 ,m á s  de p re fe renc la5a9yaún  

más de preferencia n e u fro ^a ^d e s d e  el punfo de vlsfa de estabilidad química 

del fosfolípido que compone liposoma.

Además, se puede Incluir adlclonalmenfe una efapa de secado de
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la composición de liposoma obtenidas. Es^o es, cuando sus^uyen una 

composición de liposoma como una formulación liquida, la composición de 

liposoma en una ^orma liquida o^enlda de la e spa de  Introducción mencionado 

e n loa n^e rlo rse pu e de  utilizar sin modificación, la composlclóndellposoma 

^Inal,clamase e te rna  liposoma en la composición de liposoma liquida o^enlda 

en la e s p a d e  Introducción mencionada anterior se puede ajusfar (reemplazar, 

e^c.) para hacer una composición de liposoma ^Inal. Cuando se hacen es^o, el 

ajusfe de lasase e te rna  de liposoma se puede llevaracaho de manera similar 

al ajusfe de lasase e te rna  de liposoma en un liquido prepara^orloyllposoma. 

En el caso de la composición de liposoma es una formulación liquida,espese 

puede utilizar sin modificación adicional.

Además, e n e lc a s o  donde la composición d e llp o s o m a s e v a a  

hacer en una preparación liquida, la composición de liposoma liquida o^enlda 

en lae^apade ln^roducc lónm enc lonadaen loan^e rlo rsepuedesecarpara  

hacer lacom poslc lónde llposomasóllda^lnal. El secado porconqe laclóny 

secado por roclo se puede mencionar como ejemplos de métodos para secar la 

composlclóndellposoma. En caso en donde lacom poslclónde llposomaes 

una preparación sólida, es^o se puede d iso lvere suspender deunsolven^e 

adecuadoyu^lllzarcom ouna^orm ulaclónllqu lda. E lsolvente para e lu so  se 

puede ajusfar apropiadamente de acuerdo con el propósito de uso, e^c., para la 

composlclóndellposoma, y e n e lc a s o d e u s a r  lacom poslc lónde liposoma 

como un producto de Inyección, por ejemplo, el solvente es de preferencia agua 

desalada estéril. E n e l caso d e u sa r lacom poslc lónde llposom acom ouna 

medicina,elmédlcoopaclen^e puede Inyectar el solvente de un ^rasqul^o en el 

cual se arrapa de preparación sólida, por ejemplo, para hacer la preparación en 

el tiempo de uso. En el caso donde la composición de liposoma liquida es una 

preparación sólida congelada como espese puede utilizar como una formulación 

llqu ldaa la lm acenarunes^adocongelado, y regresara unes^ado llqu ldoa l 

dejar cundir la ^empera^uraamblen^eoal cundir rápidamente con calor e n e l 

momento del uso.

(Composiciones Farmacéuticas, e^c.)

La composición de liposoma de la presente Invenclónse puede 

utilizar como una medicina curativa en el campo médico. Específicamente, la 

composición de liposoma de la presente Invención se puede utilizar como una 

composición farmacéutica an^umoral.

En el caso donde la composición de liposoma de la presente



se como uoa oomposloióo ^rmacéo^oa, la oomposlolóo de

liposoma se puede admlols^ar m ediare  loyeoo lóo^raveoosa^o^aarteriaLo  

loyeoolóo looal) o ra lm e o^oa sa lm e o^sub ou ^oe am e ^e ,p u lm oo a rm e ^eo a  

^avés de p a s p a ra  o jo s ,ye o  particular la loyecclóo loca lauogropo dirigido 

de células u órgaoos u o^ra de ^al loyecclóo es preferible además de la 

loyecclóolr^raveoosa,lr^eccléo subcutánea, loyecclóo lr^racu^eae loyeccléo  

lo^raarterlal. La ^able^a, polvo, granuladlo, jarabe, cápsula, liquido y los 

similares se pueden dar como ejemplos de la formulación de la composición de 

liposoma en el caso de administración o ra l.151 producto de Inyección, Inyección 

de go^eo, go^as para ojos, ungüento, supositorios, suspensión, cataplasma, 

loción, aerosol, plas^er y los similares se pueden dar como ejemplos de 

formulaciones de la composición de liposoma en el caso de administración oral, 

y un producto de Inyecclónyagen^e de Infusión de go^eo son particularmente 

preferibles.

La dosificación de la composición farmacéutica dijere 

notablemente dependiendo del ^Ipo de enfermedad objetivo, el ^Ipo de 

compuesto activo,asicom o la edad,sexoypeso  del paciente, la severidad de 

los síntomas, jun^o con o ^ ro s ^ o re s , pero ordinariamente, la dosis diaria de 

eribulina o su sal farmacológicamente permisible para adulaos no es 

particularmente restringida, aunque el meslla^odeerlbullna, q u e e s  una sal 

adecuada, es ordinariamente 0.1 a 1 0 m g . También, la administración puede 

ser dividida en más de una dosis por día. Una composición de liposoma que 

condene, por ejemplo, 0.01-00 mg/mL eribulina o su sal permisible [error 

^lpográ^lco j[^.Farm acológ lcam en^eja la^ase Inferna de liposoma se puede 

administrar como la composición de liposoma de la presente Invención.

equipo)

Oe acuerdo con la presente Invención, se proporciona un equipo 

para preparar lacomposlclón de liposoma. E lequ lpo se puede utilizar para 

preparar la composición de liposoma como una medicina, que se puede utilizar 

por un médico en la Instalación clln lcaoun paciente.

El equipo Incluye un reactivo de liposoma. El reactivo de liposoma 

puede ser ya sea una ^orm asólldaollqulda.51 el reactivo de liposoma es^á en 

una ^orma liquida, el liquido de dispersión de liposoma mencionado en lo 

anterior se puede utilizar como el reactivo de liposoma. También, si el reactivo 

de liposoma es^a en una ^orma sólida, el reactivo de liposoma se puede disolver 

o suspender en un solvente apropiado para obtener el liquido de dispersión de



de de liposoma m e n d o s o  en lo a g r io r  se

poede seoar para obtener el reavivo de liposoma.El seoado se puede llevara 

oaboslmllarmen^e al seoado mencionado en lo anterior de la oomposlolón de 

liposoma. Cuando se utiliza el equipo, si el reactivo de liposoma es^a en una 

^orma sólida, el reactivo de liposoma se puede d iso lvere suspenderen un 

solvente apropiado para hacer el liquido de dispersión de liposoma. Cuando se 

hace de es^a manera,el solvente es slm llara la^ase e te rna  de liposoma en el 

liquido de dispersión de liposoma mencionado en lo anterior.

El equipo de la presente Invención además condene erlhullnaosu 

sal farmacológicamente permisible (mesilato de eribulina es una sal adecuada). 

La erlbu llnaosu sal farmacológicamente permisible puede es^ar ya sea en una 

^o rm asó lldao llqu lda  (unes^adoded lsue l^oosuspend ldoen  un solvente). 

Cuando se utiliza el equipo,si la e rlbu llnao los similares es^án en una ^orma 

sólida, es preferible que sea dlsuel^aosuspendlda en un solvente apropiado 

para ser una ^orma liquida. El solvente puede ser apropiadamente ajusfado de 

acuerdo con las propiedades risicas y los similares de la eribulina o los 

sim ilares,yse pueden hacer s lm llara la^ase e te rna  de liposoma en el liquido 

de dispersión mencionado en lo an^erlor,por ejemplo.El equipo de la presente 

Invención puede Incluir un compuesto activo dl^eren^edeerlbullna o su sal 

farmacológicamente permisible.

En el equipo, e lre a c ^ lv o d e llp o s o m a y e l compuesto activóse 

pueden empaquetar separadamente, o pueden es^ar en cormas sólidas y 

mezclar conjuntamente.

En el caso en donde el reactivo de liposoma es^á en una ^orma 

sólida,sustituyendo los casos de dlsoluclónosuspenslón para formar un liquido 

de dispersión de liposoma,en lo anterior, el equipo se puede utilizar al llevara 

cabo una e^apa similar aquellas de mezclado de liquido de dispersión de 

llposom aye l compuesto ac^lvoyde Introducir el compuesto activo en lasase 

Inferna de liposoma del liquido dedlsperslón de liposoma en el método de 

manufactura de la composición de liposoma mencionado en lo an^erlor.Oees^a 

manera es posible manufacturar unacom poslc lónde llposom aen la c u a lu n  

compuesto activo se Introduce en lasase Inferna del reactivo de liposoma.

En el caso en donde el reactivo de llposom ayel compuesto activo 

es^án ambos enferm a sólida si se empaquetan conjuntamente,la mezcla de 

reactivo en liposoma y el compuesto activo se disuelve o suspende 

apropiadamente en un solvente. Cuando se hace de es^a manera, el solvente
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es similar a la fase externa de liposoma en el líquido de dispersión de liposoma 

mencionado en lo anterior. De esta manera es posible formar un estado en el 

cual el liquido de dispersión de liposoma y el compuesto activo se mezclas, 

después de que se hace el uso posible al llevar a cabo otras etapas de 

introducción del compuesto activo en la fase interna de liposoma de líquido de 

dispersión de liposoma en el método de manufactura en la composición de 

liposoma mencionado en lo anterior.

Modalidades

La presente invención se describe específicamente al dar las 

modalidades y ejemplos comparativos, pero no se limita a las modalidades 

enseguida.

(Modalidad 1)

<Preparación de una solución acuosa para la fase interna de

liposoma>

396.4 mg de sulfato de amonio y 189.1 mg de monohidrato de 

ácido cítrico se disolvieron en agua pura, y esto se diluyó a 15 mL para preparar 

sulfato de amonio 200 mM/ácido cítrico acuoso 60 mM. Después de ajustar 2.5 

mL del sulfato de amonio 200 mM/ácido cítrico acuoso 60 mM con amoníaco 

acuoso a un pH de 5.5, la solución acuosa para la fase interna de liposoma se 

diluyó a 5 mL con agua pura.

<Preparación del líquido preparatorio de liposoma>

Después de disolver 317.9 mg de fofatidilcolina de soja

hidrogenada (manufacturada por Lipoid), 116.0 mg de colesterol 

(manufacturado por Sigma) y 130.4 mg de polietilenglicol 2000-

fosfatidiletanolamina (manufacturada por Genzyme, MPEG 2000-distearoil 

fosfatidiletanolamina) en 10 mililitros de cloroformo, esto se suministró

precisamente en tres frasquitos, después de lo cual el cloroformo de un 

frasquito se removió bajo presión reducida en un evaporador rotatorio para 

crear una película de lípido. 5 mL de la solución acuosa para la fase interna de 

liposoma se calentó a aproximadamente a 60°C y se adicionó a la película de 

lípido obtenida, y esto se agitó para preparar un líquido preparatorio de 

liposoma. Después de tratar el líquido preparatorio de liposoma con ondas 

ultrasónicas durante 20 minutos, este se granuló con un extrusor

(manufacturado por Lipex Biomembranes) calentado a aproximadamente 65° C 

para obtener el líquido preparatorio de liposoma. El tamaño de partícula de los 

liposomas en el líquido preparatorio de liposoma obtenido se midió utilizando un



33

método de dispersión de luz dinámica y todos fueron 90 a 100 nm.

<Preparación del líquido de dispersión de llposoma>

Utilizando columnas Sephadex G-50, el líquido preparatorio de 

liposoma obtenido se eluyó con cloruro de sodio al 0.9%/soluclón acuosa de 

histidina 10 mM (pH = 7.6), sustituyendo la fase externa de liposoma con 

cloruro de sodio al 0.9%/solución acuosa de histidina 10 mM. Después de 

sustituir la fase externa de liposoma, este se centrífugo durante 30 minutos a

400,00 x g. Después de la centrifugación, esto se redispersó y con cloruro de 

sodio al 0.9%/solución acuosa de histidina 10 mM se utilizó para preparar 

volumen de 5 mL, que contiene líquido de dispersión de liposoma.

<Preparación de la solución de compuesto activo>

El mesilato de eribulina se disolvió en cloruro de sodio al 

0.9%/solución acuosa de histidina 10 mM para obtener 1 mg/mL de mesilato de 

eribulina.

<Preparación de la composición de liposoma>

0.5 mL de líquido de dispersión de liposoma y 0.5 mL de la 

solución de mesilato de eribulina se mezclaron en un recipiente de vidrio al 10- 

mL, y este se incubó durante 3 minutos en 50° C de agua para obtener una 

composición de liposoma con mesilato de eribulina introducida en los 

liposomas.

<Medición de la Relación de Atrapamiento>

La relación de atrapamiento se determinó como es descrito

enseguida.

La composición de liposoma que atrapa un compuesto activo se 

ultracentrlfugó durante 30 minutos a 400,000 x g. La concentración de 

compuesto activo en el filtrado se midió con HPLC, cuantificando la cantidad de 

compuestos activos no atrapados en los liposomas. La relación de atrapamiento 

se calculó utilizando la fórmula enseguida.

(Fórmula 1)

Cantidad de compuesto activo en la cantidad total 
(mg)-cantidad de compuesto activo en el filtrado 
después de la ultracentrifugación (mg)

Relación de ____________________  ________ X I00
atrapamiento (%)=

Cantidad de compuesto 
activo en la cantidad total 
(mg)

La relación de atrapamiento de mesilato de eribulina fue 90.9%.
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( M o ld a d  2)

de ^  soludóo acuosa para la fase ioferna de

liposomas

5 ^ a rm e n te a 1 a M o d a ^ d a d ^ 2 6 4 ^ m g  de sulfato de amooioy 

m g d e m o n o ^ d ra fo d e á d d o o lto o o s e d is o ^e ro o e n a g u a p u ra , y uo 

matraz graduado se uf^zó para diluir es toa  10 mL para preparar sulfato de 

amonio 200 mM/áoido cítrico acuoso 60 mM.Oe esto,se to m ó lm L y s e  ajustó 

a un  p^l de 5.5 coo agua amoolatada,después de cual se diluyó coo agua pura 

a 2 m L  para preparar la solución acuosa para la fase interna de liposoma. 

^Preparación del liquido preparatorio de liposomas 

8 0 m g c a d a u n o d e la m e z c la d e llp ld o (fo s fa tid llc o lin a d e s o ja  

hidrogenada colesterol polietilenglicol 2000-

fosfatidiletanolamina-58,6:19:2:22.2 (en peso) se pesó, 2 m Ld e  la solución 

acuosa para la fase interna de liposoma se calentóaaproximadamente^O^Oy 

se ad ic ionóala  m ism a,yesto se agitó para preparar el liquido preparatorio de 

liposoma. Este liquido preparatorio de liposoma se granuló utilizando un 

extrusor (manufacturado por Lipex Biomembranes) calentado aproximadamente 

a^O ^O para obtener el liquido preparatorio de liposoma.

^Preparación del liquido de dispersión de liposomas 

El liquido preparatorio de liposoma obtenido se d ilu yóa lO m L  con 

el cloruro de sodio al 0.9%/solución acuosa de b is t id in a 1 0 m M (p ^ l-7 .6 ) ,y  

esto se centrifugó durante 30 minutos a 400,000 x g. Oespués de la 

centrifugación, se desechótodo el filtrado. El precipitado se dispersó co ne l 

cloruro de sodio 0.9%/solución acuosa de histidina 10 mM, y un matraz 

graduado s e u tiliz ó p a ra p re p a ra r l m Lde lllqu ido , obteniendo el liquido de 

dispersión de liposoma.

^Preparación de la solución de fármacos 

Mesilato de eribulina (mesilato de eribulina) se disolvió en el 

clorurode sodioal0.9% /solución acuosade histidina 10m M  y s e o b tu v o 5  

mg/mL de solución de mesilato de eribulina.

^Preparación de la composición de liposomas 

0.96 m Ld e lllqu ido  de dispersión d e lip o s o m a y 0 .2 4 m L d e  la 

solución de mesilato de eribulina se mezclaron en un recipiente de vidrio de 10 

m L ,y e s te  se Incubó durante3m inutos en 6 0 ^ C d e  agua para obtener una 

composición de liposoma con mesilato de eribulina Introducido en los 

liposomas.



0.2 mL del mesilato de eribulina preparado atrapado en el 

Hposomay1.8mL de plasma sanguíneo de ratas se mezclaron,yesto se agitó 

a 3 ^ C u tlllz a n d o  una Incubadora de fase liquida.Inmediatamente después de 

la preparación,el muestreo se realizó e n ^ h o ra s ,12 boras,24 boras,48 boras 

y7 2 b o ra s  después de que se comenzó la agitación,yla  cantidad residual de 

mesilato de eribulina en los liposomas se midió con FIPLO.

Los resultados de medlclónse muestran en la Flg. 1. Oomo se 

puede observar en la Flg. 1, se Indicó que elm esllato de eribulina se retuvo 

establemente en el plasma sanguíneo aún durante el lapso de tiempo largo de 

120 boras,yfue posible la liberación gradual.

(Modalidad 8)

^Preparación de la solución acuosa para la fase Interna de

liposomas

264.3m g de sulfato de am onloy 126.1 m gdem onob ldra tode  

ácido cítrico se disolvieron en agua pura para obtener aproximadamente 15mL. 

Oespués de ajustar el pF la^.O  con bldróxldo de sodio acuoso, esto se diluyó 

con agua p u raa20m L  para preparar la solución acuosa para la fase Interna de 

liposoma (sulfato de amonloalOO mM/ácido cítrico 80 mM).

^Preparación del liquido preparatorio de liposomas

378 mg de una mezcla de lípido (fosfatidilcolina de soja 

hidrogenada colesterol polietilenglicol 2000-

fosfatldlletanolam lna-58,6:1^2:22.2(enpeso)sepesó, 10 mL de la solución 

acuosa mencionado en lo anterloropara la fase Interna de liposoma se calentó 

a aproximadamente 80^ O y se adlclonóa la misma, y e s tose  agitó para 

preparar el liquido preparatorio de liposoma. Este liquido preparatorio de 

liposoma se granuló utilizando un extrusor (manufacturado por Llpex 

Biomembranes) proporcionado con un filtro de membrana de pollcarbonato de 

50-nm y calentado aproximadamente a 80^ O para obtener el liquido 

preparatorio de liposoma con un tamaño de partícula de aproximadamente 80 

nm.

^Preparación del liquido de dispersión de liposomas

Utilizando columnas Sephadex G-50, el liquido preparatorlode 

liposoma obtenido se eluyó con cloruro de sodio al 0.9%/soluclón acuosade 

histidina 10m M  (p l^ -7 .6 ) ,  sustituyendo la fase  externa de llposomacon el 

cloruro de sodio al 0.9%/soluclón acuosa de histidina 10 mM. Oespués de
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sustituir la fase externa liposoma, este se centrífugo durante 30 minutos a

400,00 x g. Después de la centrifugación, esto se redispersó con 96 mg/mL de 

sacarosa/solución acuosa de histidina de 10 mM (pH = 7.6), y 10 mL de la 

solución se diluyó a lO n m L  para obtener el líquido de dispersión de liposoma.

<Preparación de la solución de fármaco >

Mesilato de eribulina se disolvió con los 96 mg/mL de

sacarosa/solución acuosa 10 mM de histidina 10 mM (pH = 7.6) y se obtuvo 5 

mg/mL de solución de mesilato de eribulina.

<Preparación de la composición de liposoma>

9.6 mL de líquido de dispersión de liposoma y 1.2 mL de la

solución de mesilato de eribulina se mezclaron en un recipiente de vidrio al 10-

mL, e hidróxido de sodio se utilizó para ajustar el pH 9.5. Esto se incubó 

durante 3 minutos en 60° C en agua para obtener una composición de liposoma 

con mesilato de eribulina introducida en los liposomas. Después del

enfriamiento, el cloruro se utilizó para ajustar el pH a 7.5. De manera similar a la 

modalidad 1, de relación de atrapamiento se midió y se encontró que es 99%.

(Modalidad 4)

<Preparación de la solución acuosa para la fase interna de

liposoma>

Similarmente a la Modalidad 1, se preparó sulfato de amonio 100 

mM/ácido cítrico 30 mM (pH = 5.5).

<Preparación del líquido preparatorio de liposoma>

Fosfatidilcolina de soja hidrogenada, colesterol y polietilenglicol 

2000-fosfotidiletanolamina se pesaron de acuerdo con las cantidades 

mostradas en la Tabla 1 enseguida. Después de disolver cada uno en 3 mL de 

cloroformo, el cloroformo se removió bajo presión reducida en un evaporador 

rotatorio para crear una película de lípido. 10 mL de la solución acuosa 

preparada para la fase interna de liposoma se calentó a aproximadamente 80° 

C y se adicionó a la película de lípido obtenida, y esto se agitó para preparar un 

líquido preparatorio de liposoma. Esto se granuló utilizando un extrusor 

(manufacturado por Lipex Biomembranes)se calentaron a aproximadamente a 

80° C para obtener el líquido preparatorio de liposoma granulado. El tamaño de 

partícula de los ribosomas en el líquido preparatorio de liposoma obtenido se 

midió utilizando un método de dispersión de luz dinámica, y Rp. 1 fue 77 nm, 

Rp. 2 95 nm, Rp. 3 79 nm y Rp. 4 128 nm.



(Tabla 1)

Rp. Fosfatidilcolina de soja 
hidrogenada

Colesterol Polietilenglicol
2000-

fosfatidiletanolamina
1 234 mg 76 mg 15 mg
2 234 mg 76 mg 15 mg
3 222 mg 73 mg 87 mg
4 222 mg 73 mg 87 mg

<Preparación de la composición de liposoma>

Similarmente a la Modalidad 1, se obtuvo el líquido de dispersión

de liposoma. También, mesilato de eribulina se disolvió en cloruro de sodio al

0.9%/solución acuosa de histidina de 10 mM y se obtuvo 5 mg/mL de mesilato 

de eribulina.

4.8 mL de cada uno de los líquidos de dispersión de liposoma y

0.6 mL de la solución de mesilato de eribulina se mezclaron en recipientes de 

vidrio de 10 mL, que se incubaron durante 3 minutos en 60° C en agua para 

obtener composiciones de liposoma con mesilato de eribulina introducido en los 

liposomas. 24.6 mL del cloruro de sodio a 0.9%/solución acuosa de histidina 10 

mM se adicionó a cada una de las composiciones de liposoma, y un filtro de 

fluoruro de polivinilideno (PVDF) de 0-22-nm se utilizó para filtraciones de 

esterilización, obteniendo una muestra de administración (concentración de 

mesilato de eribulina: 0.1 mg/mL). Similarmente la Modalidad 1, la relación de 

atrapamiento se midió y se confirmó que es por lo menos 90% en cada una de 

las prescripciones.

Ratones desnudos hembras (UN/UN, Charles River Laboratories 

Japón, Inc.) se inocularon subcutáneamente con células LOX de melanoma 

humano, y 11 o 12 días después, las muestras se administraron en las venas 

caudales para ser 10 mL/kg (1-0 mg/kg para mesilato de eribulina). Una 

muestra de sangre se tomó y una extracción de tejido de tumor se llevó a cabo 

con una pulsión cardiaca en periodos fijos después de la administración (15 

minutos, 30 minutos, 2, 2, 4, 8, 12, 24, 36 y 48 horas) (n = 3). La sangre se 

muestreo en un tuvo de prueba que contiene heparina, y dentro de 30 minutos 

del muestreo, la sangre se separó al centrifugar en 1,500 x g durante 10 

minutos a 4° C para obtener el plasma sanguíneo. Todo el tejido de tumor se 

extrajo, se lavó con PBS, y se limpió con papel absorbente de agua, y luego el 

peso del tejido se pesó inmediatamente y se registró. El tejido se colocó en un



tubo de prueba y se enfrió en agua helada, y luego se almacenaron a -80° C 

hasta que se llevó a cabo el análisis.

El mesilato de eribulina en el plasma sanguíneo y en el tejido de 

tumor se midió utilizando el LC/MS/MS.

Los parámetros PK se calcularon utilizando el software de análisis 

de modelo no de compartimiento (WinNonlin versión 5.0.1). Los resultados de 

los parámetros PK de plasma sanguíneo y los parámetros PKJ de tejido de 

tumor de mesilato de eribulina se muestra respectivamente en la Tabla 2 y la 

Tabla 3.

(Tabla 2)

Rp. 1-4 y parámetros PK de plasma sanguíneo de mesilato de eribulina en

ratones portadores de cáncer LOX

Prescripción AUC0-1

(ng.hr/ml_)

AUCo.oo
(ng.hr/mL)

CL
(mL.hr/kg)

Vss
(mL/kg)

T1/2
(hr)

MRT
(hr)

Rela­
ción
1

Rp. 1 253049 258274 3.87 43.99 8.7 11.4 707.1
Rp. 2 176148 177893 5.62 56.40 6.8 10.0 487.0
Rp. 3 228151 233067 4.29 48.93 8.4 11.4 638.1
Rp. 4 221494 230541 4.34 55.88 9.4 12.9 631.2

Mesilato de 
eribulina

363.02 365.247 24.20 8032 3.7 3.3 1.0

R e la c i ó n  1 — A U C lip o s o m a  de p lasm a /A U C m esila to  de eribulina de plasma

(Tabla 3)

Rp. 1-4 y parámetros PK de plasma sanguíneo de mesilato de eribulina en

ratones portadores de cáncer LOX

Prescrip
cigón

C[max]
(hr)

T[max]
(hr)

AUCo.1
(ng.hr/mL)

AUCo.oo
(ng.
hr/mL)

tl/2
(hr)

MRT
(hr)

TPI
(mL/g)

Reía
ción

Rp. 1 692.1 4.0 24960.7 34581.8 22.8 38.8 0.13 5.5
Rp. 2 1002.9 8.0 16759.6 22301.1 22.2 34.5 0.13 3.5
Rp. 3 3965.7 12.0 41643.7 46297.3 16.1 23.3 0.20 7.4
Rp. 4 1132.8 12.0 28377.4 45005.6 23.7 44.3 0.20 7.2

Mesilato
de

eribulina

323.425 0.25 4649.521 6294.283 17.8 27.7 17.23 1.0

Relación 2 — A U C lip o s o m a  de tu m o r/A U C m e s ila to  de eribulina de tumor

A partir de la Tabla 2 y la Tabla 3, se puede observar que la AUC 

del plasma sanguíneo del tejido de tumor se incrementa en comparación al 

mesilato de eribulina libre en todas las cuatro composiciones de liposoma Rp. 1 

a 4 y por lo tanto, la cantidad de migración del tumor y retención de mesilato de 

eribulina son mejorados.

(Modalidad 5)



39

de ía acuosa para ia fase inferna de

iiposoma^

S im iia rm en fea iaM oda iidad^se  preparó suifafo de amoniolOO 

mM/áoidooifrioo aouoso 30

^Preparación deiiiquido preparatorio de iiposoma^

2218 mg de fosfatidiicoiina dei soja hidrogena, 72 5 mg de 

coiesferoi y 8 ^9  mg de poiiefiiengiicoi 2000-fosfafidiietaiamina se pesaron 

Oespués de d iso ive riosen3m L de cioroformo,eicioroformo se removió bajo 

presión reducida en un evaporador rofaforioyse creó una peiicuia de iipido^10 

mL de iasoiución acuosa creada para ia fase interna de iiposoma se calentaron 

a aproximadamente de 80° C y se adicionaron en ia peiicuia de iipido de 

obtenida, y e s to s e a g itó p a ra  preparar uniiguidopreparatorio en iiposoma^ 

Esto se granuió utiiizando un extrusor (manufacturado por Lipex 

8 iom em branas)ca ientadoaaproxim adam entea80°C ,yse obtuvo un iiguido 

preparatorio de iiposom agranu iadoC uando ios tamaños departicu iade  ios 

iiposomas en eiiiguido preparatorio de iiposoma obtenido se midieron utiiizando 

ei método de dispersión de iuzd inám icaye iios  fueron aproximadamente 90 

nmD

^Preparación dei iiguido de dispersión de iiposoma^

Litigando coiumnas Sephadex 0-50, ei iiguido preparatorio de 

iiposoma obtenido se eiuyó con cioruro de sodio ai 0 9%/soiución acuosa de 

b is tid ina lO nM  (p ^ i^ 7 ^ ,s u s titu y e n d o  ia fase externa dei iiposom acone i 

cioruro de sodio a O^Bsoiución acuosa de histidina 10 mi^L Después de 

sustituiría fase externa de iiposoma,esta se centrifugo durante 30 minutos en 

400,000xg Después de ia centrifugación,esta se redispersóycioruro de sodio 

a0^9%/soiución acuosa de h is tid inaa lO m M ,se  utiiizó para prepararlO m L de 

iiguido, creando un iiguido de dispersión de iiposoma^

^Preparación de iasoiución de fármacos 

Mesiiato de eribuiina se disoivió en ei cioruro de sodio ai 

09%/soiución acuosa de histidina 10 m M y s e o b tu v o l m g/m Ldesoiuciónde 

mesiiato de eribuiina^También,como muestras de administración de cuerpos 

iibres,iasoiución de mesiiato de eribuiina se diiuyó con ei cioruro de sodio ai 

0 9 % /so iu c ió na cuo sad eh is tid in aa 10 m M yu n fiitrod eP ^D P de 0^2 2 -^m se  

utiiizó para iafiitraciónyesteriiización para obtener muestras de administración 

(concentraciones de mesiiato de eribuiina: 0 3  m g/m Ly04m g/m L^ 

^Preparación de ia composición de iiposoma^



1.8 mL de líquido de dispersión de liposoma y 1.2 mL de la 

solución de mesilato de eribulina cada uno se mezclaron en un recipiente de 

vidrio de 10 mL, que se incubó durante 3 minutos en 60° C en agua para 

obtener una composición de liposoma con mesilato de eribulina introducido en 

los liposomas. La composición de liposoma obtenida se diluyó con el cloruro de 

sodio al 0.9%/solución acuosa de histidina de 10 mM (y un filtro de PVDF 0.22- 

nm se utilizó para la filtración y esterilización para obtener una muestra de 

administración (concentraciones de mesilato de eribulina: 0.2 mg/mL) 

similarmente a la modalidad 1, la relación de atrapamiento se midió y se 

confirmó que es por lo menos 90%.

FaDu (obtenido de la Colección Americana de Cultivos Tipos) que 

es una línea de carcinoma de célula escamosa faríngea humana, se cultivó y se 

dejo crecer en un cultivo MEM que contiene suero fetal bovino al 10%. Las 

células se separaron del matraz utilizando una solución de Tripsina 0.05%- 

SDTA y se recolectó. Después del lavado con PBS, la célula se suspendió en 

PBS para 5 x 107 células/mL se mantuvieron en hielo. 0.1 mL de líquido de 

suspensión de células se inyectaron subcutáneamente en la porción ventral 

derecha de los ratones desnudos de 6 semanas de edad (Charles River 

Laboratories Japón, Inc.). Cada ratón se observó diariamente y notas se 

hicieron apropiadamente en casos donde se encontraron condiciones 

anormales. Calibradores se utilizaron para medir el tamaño del tumor a través 

del tiempo, y el tamaño del tumor se calculó basado en la fórmula de cálculo: 

eje mayor x (cuadrado de eje menor mg/mL 2). En el punto con el tamaño del 

tumor fue 100 a 200 mm3, los ratones se separaron en grupos tal que los 

valores promedio de los tamaños de tumor y los pesos corporales de ratón 

fueron uniformes entre los grupos de prueba (cinco ratones por grupo de 

prueba), y el fármaco se administró en la vena caudal (0.2 mL/20 g; 3 veces de 

intervalos de 7 días).

Los cambios resultantes en el volumen de tumor promedio 

después de la administración de muestra se muestra en la Fig. 2.

Como se muestra en la Fig. 2, un efecto de reducción de tumor no 

se obtuvo aún en 4 mg/kg, que es la dosis tolerada máxima para cuerpos libres, 

debido a que FaDu es una línea celular con una baja sensibilidad a mesilato de 

eribulina. Mientras tanto, en el caso del compuesto de liposoma, un efecto de 

reducción de tumor claro se encontró aun con la administración de 2 mg/kg, que 

está abajo de la dosis de tolerancia máxima, indicando que un efecto



aíto se puede obtener aun para tipos de 

oánoeresoontra ios ouaíes no se ha tenido éxito oonmesííato de eribuíína. 

(Modalidad 6)

^Preparación de ía soíuoíón acuosa para ía tase interna de

^posoma^

S ím ^arm en teaíam oda^dad^se  preparó suítato de amonio 100 

mM/ácído cítrico acuoso 30

^Preparación de ía solución de fármacos 

Símííarmente a ía modalidad 5, se obtuvieron muestras de 

administración (concentración de m e s íía to e rib u íín a :0 ^m g /m ^0 .3 m g/m Ly 

0 4 m ^m L ) de cuerpos ííbres

^Preparación de ía composición de ííposoma^

Exceptoparaeí usode íaso íuc íónacuosadeso íuc íón  de tase 

interna de ííposoma soíucíónacuosapara ía tase ínternade ííposomaj 

preparada como es descrito en ío anterior, ía composición de ííposoma 

(concentración de mesííato de eribuíína: 0.3 mg/mL) se obtuvo símiíarmenteaía 

modaíidad5. Sím ííarmenteaíamodaíídad 1, ía reíacíóndeatrapam íentose 

m ídíóyse encontró que es por ío menos 90%.

(obtenido de ía colección Americana de CuítívosTípo) que 

es una íínea de céíuías de cáncer renaí humano,se cuítívóyse dejo crecer en 

un cuítívo que contiene suero tetaí bovino ai 10%. Las céíuías se

separaron deí matraz ut^zando ía soíucíón deTripsína ai 0-05%-EOTA, se 

recolectaron. Oespuésdeí íavado con PB5,íacéíuía se suspendieron en PBS 

para se r5x10^céíu íasm Lyíuego  se mantuvieron en h íe ío .O lm L  de ííquídoo 

suspensión de céíuías se inyectaron subcutáneamente en ía porción ventraí 

derecha de ios ratones desnudos de^sem anas de (ChariesRívíer Laboratories 

Japón, ínc). Cada ratón se observó diariamente, y notas se hicieron 

apropiadamente en casos en donde se encontraron condiciones anormales. 

Calibradores se ut^zaron para medir eí tamaño deí tumor durante eí tiem po,yeí 

tamaño de tumor se cáícuío basado en íatórmuía de cáícuío: eje m ayorx(e je  

menor c u a d ra d o s ).E n  eí punto con eí tamaño deí tumor tu e 1 5 0 a 2 0 0 m m 3 

ios ratones se separaron en grupos tai que ios vaíores promedio de ios tamaños 

de tum oryíos pesos corporales de ratón tueron uniformes entre ios grupos de 

prueba(cínco ratones por grupo de p rueba)ye í fármaco se administró en ía 

vena caudaí (0.2 mL/20 g :3veces en intervalos de^días).

Los resudados deí cambio en eí voíumen de tumor promedio



después de la administración de muestra se muestran en la Fig. 3.

Como se muestra en la Fig. 3, debido a que SCHN es una línea de 

células que es resistente a mesilato de eribulina, no se encontró diferencia 

significante entre cualquiera de la administración 2 mg/kg, administración 3 

mg/kg y grupos de administración de cuerpos libres de 4 mg/kg (dos de 

tolerancia máxima) y el grupo no tratado 45 días después de inicio de la 

administración de la muestra. Mientras tanto, en el grupo de administración de 

composición de liposoma de 3 mg/kg, se encontró un efecto de superación de 

crecimiento de tumor, y un valor de volumen de tumor menor significante se 

indicó para el grupo no tratado y los grupos de administración de cuerpos libres 

45 días después del inicio de administración de muestra. Como es así indicado, 

es posible retardar el crecimiento de un tumor al preparar una formulación 

liposomal para un tumor para el cual un efecto terapéutico nunca se ha obtenido 

antes con un mesilato de eribulina.

(Modalidad 7)

<Preparación de la solución acuosa para la fase interna de

liposoma>

Los 12 tipos de soluciones acuosas para la fase interna mostradas 

enseguida en la Tabla 4 se crearon.

<Preparación del líquido preparatorio de liposoma>

120 mg de una mezcla de lípido (fosfatidilcolina de soja 

hidrogenada colesterol polietilenglicol 2000-

fosfatidiletanolamina=58.6:19.2:22.2 (en peso) se pesaron en tubos de prueba y 

3 mL de cada nuestra de la solución acuosa para la fase interna se calentó a 

80° C.

El líquido preparatorio de liposoma se granuló utilizando una 

extrusor calentado a aproximadamente a 80° C, y se obtuvo el líquido 

preparatorio de liposoma.

<Preparación de la solución de dispersión de liposoma>

Utilizando columnas Sephadex G-50, el líquido preparatorio de 

liposoma obtenido se eluyó con cloruro de sodio al 0.9%/solución acuosa de 

histidina de 10 mM, sustituyendo a la fase externa liposoma! con el cloruro de 

sodio al 0.9%/solución acuosa de histidina 10 mM.

Después de sustituir la fase externa de liposoma, este se 

centrifugó durante 1 hora en 400,000 x y el filtrado se removió completamente. 

El secado se resuspendió con 96 mg/mL de sacarosa/solución acuosa de



para ser

El tamaño de partió la  del liquido de dispersión de liposoma 

obtenido se midió utilizando un método de dispersión de luz dlnám loa,ytodos 

fueron aproximadamente 80 nm.

^Preparación de la soluolón de fármacos 

Mesilato de eribulina se disolvió en 96 mg/mL de 

saoarosa/soluolón aouosa de b ls tld lna t0m M yseo b tuvo 5m g /m L  de solución 

de mesilato de eribulina.

^Preparación de la composición de liposomas 

El liquido de dispersión de llposom ayla  solución de mesilato de 

eribulina se mezclaron en un recipiente de vidrio de 10 10-mL tal que el 

mesilato de eribulina fue 0.2 m g/m Lyla  concentración de lípido total fue de 16 

^imol/mL. Esto se ca le n tó a 2 5 m ln u to sa 6 0 °C p a ra  obtener una composición 

de liposoma con mesilato de eribulina Introducida en los liposomas.

^Medición de la relación de atrapamientos 

La relación de atrapamiento se midió slm llarmenteala modalidad

1 ,y lo s  resultados se muestran en laT a b la ^ .C o m o  se puede observar en la 

Tabla4,sln  considerar que sal de amonio se utilizó en la fase Interna,se mejoró 

claramente la relación de atrapamiento de mesilato de eribulina. En particular, la 

mejora en la relación de atrapamiento fue marcada cuando se utiliza sulfato de 

amonio,citrato de amonio,fosfato de amonioytartrato de amonio.

(Tabla 4)

No. Composición PH Presión
Osmótica

Relación de 
atrapamiento 

(%9
1 50 mM de 

sulfato de 
amonio

69.4

2 50 mM de 
sulfato de 
sodio

7.2

3 50 mM de 
acetato de 
amonio

36.8

4 50 mM de 
acetato de 
amonio

10.2

5 50 mM de 
fosfato de 
amonio

45.8

6 50 mM de 
fosfato de 
sodio

14.6
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7 50 mM de 
citrato de 
amonio

8 50 mM de 
citrato de 
sodio

9 50 mM de 
succinato de 
amonio

10 50 mM de 
succinato de 
sodio

11 50 mM de 
tartrato de 
amonio

12 50 mM de 
tartrato de 
sodio

7.5
(ajustado con 
ácido 
clorhídrico 
hidroxido de 
sodio)

300 mOsm (ajustado 
con sacarosa)

65.8

8.7

14.7

10.0

74.7

11.6

(Modalidad 8)

<Preparación de la solución acuosa para la fase interna de

liposoma>

Similarmente a la modalidad 7, la solución acuosa para la fase 

interna de liposoma se preparó de sulfato de amonio 100 mM/ácido cítrico 

acuoso 30n mM (pH = 7.5).

<Preparación del líquido preparatorio de liposoma>

Similarmente a la modalidad 7, la solución acuosa mencionada en 

lo anterior para la fase interna de liposoma se utilizó para preparar un líquido 

preparatorio de liposoma.

<Preparación del líquido de dispersión de liposoma>

Utilizando columnas Sephadex G-50, el líquido preparatorio de 

liposoma obtenido se eluyó con cloruro de sodio al 0.9%/solución acuosa de 

histidina 10 mM, sustituyendo la fase externa de liposoma con el cloruro de 

sodio al 0.9%/solución acuosa de histidina 10 mM.

Después de sustituir la fase externa de liposoma, esto se 

centrifugó durante 1 hora en 400,000 x g, completamente removiendo el filtrado. 

El precipitado se resuspendió con 96 mg/mL de solución acuosa de histidina a 

10 mM (pH = 7.5), la fase externa en el liposoma se sustituyó con 96 mg/mL de 

sacarosa/solución acuosa de histidina 10 mM (pH = 7.5) y se obtuvo un líquido 

de dispersión de liposoma. El tamaño de partícula de líquido de dispersión de 

liposoma obtenido se midió utilizando un método de dispersión de luz dinámica, 

y esto fue aproximadamente 80 nm.

El líquido de dispersión de liposoma se suministró en 7 frasquitos.
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y sulfato de amonio (ajustado pH de 7.5 utilizando el oxido de sodio acuoso) de 

una cantidad conocida se adicionó a la fase externa de liposoma tal que los 

frasquitos tuvieron las concentraciones en la Tabla 5 y un líquido de dispersión 

de liposoma se obtuvo en el cual el sulfato de amonio en la fase de externa de 

liposoma fue de una concentración conocida.

<Preparación de la solución de fármaco>

Mesilato de eribulina se disolvió en 96 mg/mL de 

sacarosa/solución acuosa de histidina 10 mM y se obtuvo 5 mg/mL de solución 

de mesilato de eribulina.

<Preparación de la composición de liposoma>

El líquido de dispersión de liposoma y la solución de mesilato de 

eribulina se mezclaron en un recipiente de vidrio de 10-mL tal que el mesilato 

de eribulina fue 0.2 mg/mL y una concentración de lípido total fue 16 mM. Esto 

se calentó en 5 minutos a 60° C para obtener una composición de liposoma con 

mesilato de eribulina introducido en los liposomas.

<Medición de la relación de atrapamiento>

La relación de atrapamiento se midió similarmente a la Modalidad

1, y los resultados se muestran en la Tabla 5. Esto muestra que si aún 0.4 mM 

de sulfato de amonio esta presente en la fase externa de liposoma, la relación 

de atrapamiento cae notablemente, y no hay casi atrapamiento si 10 mM de 

sulfato de amonio está presente.

(Tabla 5)

No. Fase acuosa 
interna

Concentración de 
sulfato de amonio 
en la fase externa 

(mM)

Relación de 
atrapamiento (%)

1
Sulfato de amonio 

100 mM ácido 
cítrico 30 mM pH 

0 7.5

0 90.4
2 0.016 90.8
3 0.08 91.3
4 0.4 75.9
5 2 36.8
6 10 16.1
7 50 8.6

(Modalidad 9)

<Preparación de la solución acuosa para fase interna de

liposoma>

Similarmente el Ejemplo 7, la solución acuosa para la fase interna 

de liposoma se preparó de sulfato de amonio 100 mM/ácido cítrico acuoso 30 

mM (pH = 7.5).

<Preparación del líquido preparatorio de liposoma>



46

acuosa mencionada eo lo

anterior para la tase Interna de liposoma se utilizó para prepararel liquido 

preparatorio de liposoma.

^Preparación de la solución de dispersión de liposomas 

Utilizando columnas Sephadex G-50, el liquido preparatorio de 

liposoma obtenido se eluyó con cloruro de sodio ai 0.9%/solución acuosa de 

histidina 10m M , sustituyendo la taseexternade  liposom acone l cloruro de 

sodio al 0.9%/solución acuosa de histidina 10mM.

Oespués de sustituir la tase externa de liposoma, esto se 

centrifugo durante 1 hora en 400,000 x g y el filtrado se removió 

completamente. El precipitado se resuspendió con 96 mg/mL de

sacarosa/solución acuosa de histidina d e 1 0 m M (p l^ ^ 7 .5 ) , la  fase externa de 

liposoma se sustituyó con 96 mg/mL de sacarosa/solución acuosa de histidina 

1 0 m M (p l^ ^ 7 .5 )y s e  obtuvo el liquido de dispersión de liposoma.El tamaño 

de partícula de liquido de dispersión de liposoma obtenido se midió utilizando 

un método de dispersión de luz dinámica,yeste fue aproximadamente 80 nm. 

^Preparación de la solución de fármacos 

Mesilato de eribulina se disolvió en 96 mg/mL de

sacarosa/solución acuosa de histidina 10 m M yseob tuvo5m g /m L  de solución 

de mesilato de eribulina.

^Preparación de la composición de liposomas 

El liquido de dispersión de liposom ayla  solución de mesilato de

eribulina se mezclaron en un recipiente de vidrio de10-m L tal que el mesilato

de eribulina fue 0.2 m g/m Lyla  concentración de Iipido total fue 16 mM.Como 

se muestra en la T a b la 6 ,ca d a  p í d e la  fase externa de liposoma se ajustó 

utilizando una solución acuosa de hidróxido de sodio 1 M. Esto se calentó 

d u ra n te 2 5 m in u to s a 6 0 °C  para obtener unacom posiciónde liposomacon 

necesidad de eribulina introducido en los liposomas. Enseguida, ácido 

clorhídrico se utilizó para ajustar el p íd e la  fase e x te rn a d .

^Medición de la relación de atrapamientos 

La relación de atrapamiento se midió sim iiarm enteala Modalidad

1 ,y lo s  resultados se muestran en laTabla 6. Junto con la elevación en el p^l 

d e la fa s e e x te rn a d e lip o s o m a , la re lac ióndeatrapam ientode eribulina se 

elevó sustancialmente, alcanzar una relación de atrapamiento de casi 100%. 

(Tabla 6)

 ̂ No.  ̂ Pase acuosa  ̂ pFldefase  ̂ Relación de



interna externa atrapamiento (%)
1 Sulfato de amonio 

100 mM ácido 
cítrico 30 mM pH 

= 7.5

7.5 72.9
2 8.0 79.8
3 8.5 86.4
4 9.0 92.8
5 9.5 98.5
6 10.0 100.0
7 10.5 99.3

(Modalidad 10)

<Preparac¡ón de la solución acuosa para la fase interna de

liposoma>

Similarmente al ejemplo 7, la solución acuosa para la fase interna 

de liposoma se preparó de sulfato de amonio 100 mM/ácido cítrico acuoso 30 

mM (pH = 7.5).

<Preparación del líquido preparativo de liposoma>

Similarmente al Ejemplo 7, la solución acuosa mencionada en lo 

anterior para la fase interna de liposoma se utilizó para preparar el líquido 

preparatorio de liposoma.

<Preparación de la solución de dispersión de liposoma>

Utilizando columnas Sephadex G-50, el líquido preparatorio de 

liposoma obtenido se eluyó con cloruro de sodio al 0.9%/solución acuosa de 

histidina 10 mM, sustituyendo al fase externa de liposoma con el cloruro de 

sodio ai 0.9%/solución acuosa de histidina 10 mM.

El líquido de dispersión de liposoma se suministró en cuatro 

frasquitos, que se centrifugaron durante 1 hora a 400,000 x g y el filtrado se 

removió completamente. El precipitado de dos de los frasquitos se resuspendió 

con 96 mg/mL de sacarosa/solución acuosa de histidina de 10 mM (pH = 7.5), y 

la fase externa de liposoma se sustituyó con 96 mg/mL de sacarosa/solución 

acuosa de histidina 10 mM (pH = 7.5). El precipitado de los dos frasquitos 

restantes se resuspendió con el cloruro de sodio al 0.9%/solución acuosa de 

histidina 10 mM (pH = 7.5) y la fase externa de liposoma se sustituyó con el 

cloruro de sodio al 0.9%/solución acuosa de histidina 10 mM (pH = 7.5). El 

tamaño de partícula de los líquidos de dispersión de liposoma obtenidos se 

midió utilizando un método de dispersión de luz dinámica, y todos fueron 

aproximadamente 80 nm.

<Preparación de la solución de fármaco>

Mesilato de eribulina se disolvió en 96 mg/mL de 

sacarosa/solución acuosa de histidina 10 mM y se obtuvo 5 mg/mL de solución 

de mesilato de eribulina. De manera similar, el mesilato de eribulina se disolvió
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en el cloruro de sodio al 0.9%/solución acuosa de histidina 10 mM y se obtuvo 5 

mg/mL de solución de mesilato de eribulina.

<Preparación de la composición de liposoma>

El líquido de dispersión de liposoma y la solución de mesilato de 

eribulina se mezclaron en un recipiente de vidrio de 10-mL tal que el mesilato 

de eribulina fue 0.2 mg/mL y la concentración de lípido total fue 16 mM. El pH 

de la fase externa de iiposoma de uno de los dos frasquitos de 96 mg/mL 

sacarosa/solución acuosa de histidina 10 mM (pH = 7.5), se ajustó a 9.5 al 

adicionar hidróxido de sodio. De manera similar, el pH de la fase externa de 

liposoma de uno de los dos frasquitos del cloruro de sodio 0.9%/solución 

acuosa de histidina 10 mM (pH = 7.5) se ajustó al 9.5 al adicionar hidróxido de 

sodio. Esto se calentó durante 5 minutos a 60° C para obtener una composición 

de liposoma con mesilato de eribulina introducido en los liposomas.

<Medición de la relación de atrapamiento>

La relación de atrapamiento se midió similarmente a la Modalidad

1, y los resultados se muestran en la Tabla 7. Comparado con el caso donde la 

fase externa de liposoma es una sacarosa, que es no electrolito, el caso de 

cloruro de sodio, que es un electrolito, claramente se obtiene una relación de 

atrapamiento extremadamente alta. Además del efecto de electrolito, la 

aplicación del gradiente de pH para hacer la fase externa liposoma un álcali 

logró una relación de atrapamiento de 100%.

(Tabla 7)

No. Fase acuosa 
interna

Composición de 
fase interna

Relación de 
atrapamiento (%)

1 Sulfato e amonio 
lOOmM ácido 

cítrico 30 mM pH 
= 7.5

96 mg/mL de 
sacarosa histidina 

10mM pH = 7.5

72.9

2 Cloruro de sodio 
al 0.9% histidina 
10mM pH = 7.5

95.9

3 96% mg/mL de 
sacarosa histidina 
10 mM pH = 9.5

97.5

4 Cloruro de sodio 
al 0.9% histidina 
10 mM pH 0 9.5

100.0

La presente solicitud esta basada en una solicitud de patente

Japonesa (Solicitud de Patente Japonesa 2009-082521) presentada el 30 de 

Marzo de 2009, y una Solicitud de Patente Provisional Norteamericana 

(61/16453), y los contenidos de las mismas se incorporan en la presente como 

referencia.



Campo de lo d o s a

La presente ínveno^n es oapaz de proporcionar un método para 

manufacturar un liposoma oon una alta e s ta ^d a d  de retención de! compuesto 

activo con una alta relación de atrapamiento.

Lacom pos ic ión d e lipo som ad e la p re sen te in ven c ión seu tiliza  

favorablemente en aplicaciones terapéuticasatravés del efecto farmacológico 

de la eribulinaosu sal farmacológicamente permisible.
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Appendix I. Table of Marketed Liposomal Drug Compositions (as of September 2013)

Brand ñame Company API Lipids Others Formulation Launch

1 Ambisome
Vestar/NeXstar/
Gilead Amphotericln B H SPC/cholesterol/ 

DSP G/a-Toc
Sucrose/disodium 
succinate hexahydrate

Lyophilized
formulation 1990

2 Amphotec/ A 
mphocil

LTI/Sequus/ALZA, 
J&J/ Zeneca Amphotericin B Cholesteryl sulfate

The liposomal 
formulation of 
Amphotec was replaced 
by the complex with 
cholestryl sulfate under 
clinical trial because of 
Ambisome's patent

Lyophilized
formulation 1993

Epaxal
/HAVpur/VIR
OHEP-A

Cmcell/Bema

Inactívated 
hepatitis A 
vims(strain 
RG-SB)

DOPC/DOPE/HA & 
NA
glycoproteins

sodium chloride/ water Suspensión for 
injection 1994

,;i .4x;:::U r Abelcet TLC/Elan/Enzon Amphotericin B DMPC/DMPG sodium chloride/ water Suspensions 1995

5 DaunoXome
Vesta r/N eXsta r/Gil 
ead/ Diatos Daunorubicin citrate D SPC/cholesterol

sucrose, glycine, 
calcium chloride 
dihydrate

Suspensions 1995

6 Doxil/Caelyx

LTI/Sequus/ALZA,
J&J/Ortho,Scherin
g-Plough

Doxorubicin
hydrochloride

H SPC/cholesterol/ 
MPEG-DSPE

ammonium sulphate, 
histidine, sucrose and 
hydrochloric a cid 
and/or sodium 
hydroxide

Suspensions 1995

7 Inflexal V

Crucell/Bema
Biotech/Janssen-
Cilag

Influenza virus 
surtaoe antigens Lecithin

Sodium chloride, 
disodium phosphate 
dihydrate, potassium 
dihydrogen phosphate 
and water

Suspensions 1997
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8 DepoCyte/
Savedar SlyPharma/Pacira

Pharmaceutical
Cytarabine DOPC/cholesterol/

DPPG/triolein
Sodium chloride and 
water Suspensions 1999

9 Myocet TLC/Elan
Doxorubicin
hydrochloride eggPC/cholesterol

Lactose in lyophilised 
powder /citric acid, 
sodium hydroxide and 
water in dispersión 
/sodium carbonate and 
water in solvent

Three-vial system 
(lyophilised powder 
/  dispersión / 
solvent)

2001
(Europe)

10 Lipo-Dox
Taiwan Liposome
Co(TLC)/TTY
Biopharm

Doxorubicin
hydrochloride

DSPC/cholesterol/
MPEG-DSPE unclear Suspensions 2001

(Taiwan)

11 Visudyne QLT/Novartis Verteporfin eggPG/DMPC

ascorbyl pa Imítate, 
butylated
hydroxytoluene and 
lactose

Lyophilized
formulation 2001

12 DepoDur/Dep
oMorphine

SkyePharma/ 
Endo/Pacira, EKR

Morphine
sulfate

DOPC/cholesterol/
DPPG/
tricaprylin/triolein

sodium chloride, water Suspensions 2004

13 Marqibo

INEX and
Enzon/Termira/
Talón
Therapeutics

Vincristine sulfate Sphingomyelin/chol
esteral

mannitol, sodium 
citrate, citric acid, 
sodium phosphate and 
sodium chloride

Three-vial system 
(Vincristine 
solution, liposome 
solution and 
Sodium Phosphate 
solution)

2008

14 Exparel
Parcira
Pharmaceuticals Bupivacacine DPPG/cholesterol/

tricaprylin/DEPC sodium chloride, water Suspensions 2011
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I. Introduction

There are many potential barriers to the effective 
delivery of a drug in  its  active form to solid tumors. Most 
small-molecule chemotherapeutic agents have a larga 
volume o f d istribu tion on i.v. adm inistration (Speth et 
al., 1988; Chabner and Longo, 1996). The result o f th is is 
often a narrow therapeutic index due to a high level of 
toxic ity in  healthy tissues. Through encapsulation of 
drugs in  a macromolecular carrier, such as a liposome, 
the volume of d istribution is significantly reduced and 
the concentration of drug in  the tum or is increasad (sea 
IIF. Comparison of Pharmacokinetic Parameters for Dif­
ferent Liposomal Formulations and 111, Accumulation of 
Liposomal Drugs in Tumors). This results in  a decrease 
in  the amount and types of nonspecific toxicities and an 
increase in  the amount o f drug tha t can be efifectivaly 
dalivarad to tha tum or (Papahadjopoulos and Gabizon, 
1995; Gabizon and M artin , 1997; M artin , 1998). Under 
optim al conditions, the drug is carried w ith in  the lipo­
somal aqueous space while in  the circulation but leales at 
a sufficient rate to become bioavailable on a rriva l at the 
tumor. Tha liposoma proteets the drug from metabolism 
and inactivation in  the plasma, and due to size lim ita - 
tions in  the transport of larga moléculas or carriers 
across healthy endothelium, the drug accumulates to a 
reduced extent in  healthy tissues (Mayar et al., 1989; 
W orking et al., 1994). Howavar, discontinuities in  the 
endothelium o f the tum or vasculature have been shown 
to result in  an increasad extravasaron o f large carriers 
and, in  combination w ith  an im paired lymphatics, an 
increasad accumulation o f liposomal drug at the tum or

(see 111. Accumulation o f Liposomal Drugs in Tumors; 
Huang et al., 1993; Yuan et al., 1994,1995; Hobbs et al., 
1998). A ll of these factors have contributed to the in- 
creased therapeutic index observed w ith  liposomal for­
mulations o f some chemotherapeutic agents (Papahad­
jopoulos et al., 1991; Gabizon, 1994; M artin , 1998).

A  diagram dapicting both a conventional liposoma 
(CL)3 and a sterically stabilized liposome (SSL) is shown 
in  Fig. 1. The two types of liposomes shara a lip id  mem­
brane tha t is re la tive ly impermeable to both amphi- 
pathic and highly water-soluble molecules at physiolog- 
ical temperaturas (37°C). This feature is im portant for 
tha maintanance o f stable liposome drug form ulations, 
both during storage and in  plasma (sae VIL Stability in 
Plasma and Storage). Liposomas composed o f a compa- 
rably m ore-fluid membrane are being used as a rapid-

3 CL, conventional liposome; SSL, sterically stabilized liposome; 
ara-C, l-/3-D-arabmofuranosylcytosine; AUC, area under the curve for 
concentration versus time; ABV, doxombiciiVbleomycm/vincristine; BV, 
bleomycin/vincristine; Chol, cholesterol; DOX, doxorubicin; DPPG, 1,2- 
dipalmitoyl-3-sn-phosphatidylcholine; DPPE, 1,2-dipalmitoyl-3-sn- 
phosphatidylethanolamine; DPPG, l,2-dipalmitoyl-3-sn-phosphatidyl- 
glycerol; DSPA, l,2-dipalmitoyl-3-sn-phosphatidic acid; DSPC, 1,2- 
distearoyl-3-sre-phosphatidylcholine; DSPG, l,2-d istearoyl-3-sn- 
phosphatidylglycerol; eggPC, phosphatidylcholine derived from egg 
yolk; H-F, hand and foot; HSPC, hydrogenated soy phosphatidylcholine; 
ILS, increased life span; L-DOX, liposomal doxorubicin; PA, phospha- 
tidic acid; PC, phosphatidylcholine; PE, phosphatidylethanolamine; 
PEG, polyethylene glycol; PEG-DSPE, W-(polyethylene glycoDdis- 
tearoylphosphatidylethanolamine; PG, phosphatidylglycerol; PI, phos- 
phatidylinositol; PS, phosphatidylserine; RES, reticuloendothelial sys­
tem; SSL DOX, sterically stabilized liposomal doxorubicin; VCR, 
v incristine; CSF, colony-stim ulating factor; POPO, 1-palmitoyl, 
2-oleoyl-3-sn-phosphatidylcholine.
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Fab1 for Poiymer (PEG) 
Coatí ng
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Fig . 1. Diagram of a drug-loaded liposome both with (SSL) and without (CL) a PEG coating. The liposome contains a lipid membrane that 
encapsulates an internal aqueous space used to entrap chemotherapeutic drugs. DOX can be encapsulated a t concentrations exceeding its aqueous 
solubility, forming drug crystals in the liposome interior. Altematively, some drugs can be carried within the lipid bilayer. Further modifications of 
the surface through covalent attachm ent of targeting ligands such as Fab' fragments can result in liposomes that are specifically endocytosed by 
cáncer cells expressing a receptor for that ligand (e.g., the HER2 receptor found on certain breast cáncer tumors). The structures of the three most 
commonly used lipids that compose the lipid bilayer are al so given. DSPC (A) or an equivalen!, HSPC, is the primary phospholipid component, whereas 
Chol (B) is the neutral lipid component. PEG-DSPE (O) is incorporated a t concentrations of 4 to 6 mol% in SSL formulations.

release system for doxorubicin (DOX) and are described 
to a lim ited  extent in  th is review. A liposome also has an 
in te rna l aqueous space, which can be used to entrap a

varie ty o f chemotherapeutic drugs or diagnostic dyes. 
We discuss in  VIL Stability in Plasma and Storage how 
different drugs are e ffic iently loaded in te  th is  space. The
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two types of liposomes d iffe r in  the presence of the 
poiymer coating [most commonly, polyethylene glycol 
(PEG)] on the surface o f the SSLs but not CLs. This 
coating provides steric stabilization to the liposome, 
which is thought to lim it binding of serum opsonins as 
w ell as direct interactions w ith  cells, most im portantly, 
o f the reticuloendothelial system (RES; A lien et al., 
1991, 1994; Lasic et al., 1991). The resu lt is enhanced 
circulation times and increased localization in  the tum or 
(Papahadjopoulos et al., 1991, 1995; Gabizon and M ar­
tin , 1997).

Steric stabilization refers to the colloidal stab ility (Lasic 
and Needham, 1995; Lasic and Papahadjopoulos, 1996) 
conferred on the liposome by a variety o f hydrophilic poly- 
mers or hydrophilic glycolipids (Alien and Chonn, 1987; 
Papahadjopoulos et al., 1991; Woodle and Lasic, 1992; 
Alien, 1994; Torchilin et al., 1995; Zalipsky et al., 1996), 
the best studied of which are PEG and the ganglioside 
GMV An im portant finding was that SSLs also show a 
prolonged lifetim e in  the circulation (Alien and Chonn, 
1987; Gabizon and Papahadjopoulos, 1988; Klibanov et al., 
1990; A lien et al., 1991; Papahadjopoulos et al., 1991). 
SSLs then typically refer to any liposomes containing 
PEG-PE, GM1, or another of these glycolipids or polymers 
that has a relatively long half-life in  the general circula­
tion. The tem í “conventional liposomes" has a much 
broader definition and refers to liposomes composed of a 
variety of different lip id  compositions, but typically the 
most commonly used of these compositions are very high in  
phosphatidylcholine (PC) and cholesterol (Chol). TTie phar­
macokinetics and tissue distribution of CLs depend on 
properties such as size, surface charge, and membrane 
packing. These factors are discussed in  more detail in  II. 
Pharmacokinetics and Biodistribution of Liposomes and 
Liposomal Drugs. However, to perform a careful compari­
son, we lim it this discussion to formulations optimized for 
increased residence in  the circulation, accumulation in  tu ­
mors, and stab ility in  the plasma. For SSLs, we consider 
liposomes containing 4 to 6 mol% PEG-DSPE, ~30 mol% 
Chol, and the remainder hydrogenated soy phosphatidyl­
choline (HSPC) or distearoylphosphatidylcholine (DSPC; 
Fig. 1). The size of the carrier is usually 60 to 120 nm. For 
CLs, the optimized formulations are composed of DSPC 
and Chol in  either a 55:45 or 66:33 M ratio or phosphati­
dylcholine derived from egg yolk (eggPCVChol (3:2) and 
have a sim ilar average size distribution.

The choice of drug for delivery via liposomes is essential 
to the success of this approach. Broad generalizations as to 
the usefulness of a certain liposome composition for the 
delivery of a ll chemotherapeutic drugs or as to the superi- 
ority o f liposomal formulation for a ll classes of drugs is 
extremely dangerous considering the present lim itations 
in  liposome technology. To be effective as a carrier, a hpo­
some must be able to efficiently balance stab ility in  the 
circulation w ith  the ab ility  to make the drug bioavailable 
at the tumor. In  choosing a drug, there are several criteria 
to consider. The drug must have sufficient activity against

the chosen tumor; a drug such as DOX w ith  a relatively 
broad activity against a variety o f different tum or models 
is an ideal choice in  this regard (Young et al., 1981; Doro- 
shaw, 1996). Second, the drug must be efficiently loaded 
into the liposomal carrier. Ammonium sulfate and pH gra- 
dients have been used for remóte loading of a variety of 
amphipathic basic amines, resulting in  encapsulation effi- 
ciencies o f—100% (Madden et al., 1990; Lasic et al., 1992a; 
Haran et al., 1993; Cullis et al., 1997). F inally, the drug 
must be compatible w ith  the carrier; i t  must be stably 
transported in  the circulation but s till released at the tu ­
mor. A  wide array of different drugs have been encapsu­
lated in  liposomes for the treatm ent o f cáncer (Fig. 2; 
Heath et al., 1983; Papahadjopoulos et al., 1991; A lien et 
al., 1992; Vaage et al., 1993b; Burke and Gao, 1994; 
Sharma et al., 1995; Jones et al., 1997; Working, 1998). 
The Usted examples illustra te a diversity o f different 
classes of chemotherapeutic drugs, w ith  distinct chemical 
stabilities, solubility and membrane partitioning proper­
ties, modes of action, and modes of drug resistance.

Barenholz and coworkers (Barenholz and Cohén, 
1995; Barenholz, 1998) classified these drugs in to  one of 
three classes depending on th e ir hydrophobic properties 
measured as octanol-to-water pa rtitio n  coefficient (Kp):
1) h igh ly hydrophilic drugs such as /V-(phosphono- 
acetyl)-L-aspartate, 2) hydrophobic drugs such as pacli­
taxel, and 3) am phipathic drugs such as DOX, which 
represent many current chemotherapeutic agents. Lipo­
somal form ulations o f h igh ly hydrophilic drugs can be 
lim ited  by the b ioava ilab ility  of these drugs at the tum or 
site, which may be proh ib itive ly low due to th e ir ex­
trem ely low membrane perm eability and, therefore, low 
drug release once the carrier has reached the tum or. 
Drugs such as l-j3-D-arabinofuranosylcytosine (ara-C) or 
methotrexate, which are taken by tum or cells using 
membrane transporters (Plageman et al., 1978; W iley et 
al., 1982; W esterhof et al., 1991, 1995; Antony, 1992), 
may be useful members o f th is  class o f drugs, assuming 
they can be released from  the liposome in  adequate 
quantities (Heath et al., 1983; M atthay et al., 1989; 
A lien et al., 1992). Future improvements in  the design of 
carriers th a t are destabilized and release the drugs spe­
cifica lly  a t the tum or site may make th e ir u tiliza tion  
more feasible, as discussed in  VIII. Bioavailability of 
Encapsulated Drug. H igh ly hydrophobic drugs tend to 
associate m ainly w ith  the b ilayer compartment o f the 
liposome; th is  leads to lower entrapm ent s ta b ility  due to 
faster red istribu tion  o f the drug to plasma components. 
However, liposomes may be used w ith  th is  class of drugs 
sim ply as the means to form úlate them for i.v. adm inis­
tra tion  ra ther than using liposome encapsulation to 
achieve enhanced tum or delivery o f the drugs. For ex- 
ample, paclitaxel has form ulated in to  liposomes 
(Sharma et al., 1995, 1997) but may be equally suitable 
when form ulated as a m icroemulsion (Wheeler et al., 
1994). Liposomes have also used to solubilize and
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Fig . 2. Structures of a few chemotherapeutic drugs th a t have been used with liposomes either in vi tro or in vivo. These drugs operate via a variety 
of different mechanisms; some have different mechanisms of drug resistance and varying physical characteristics that make them more or less 
compatible for encapsulation in liposomes. At the present time, only formulations of anthracyclines (daunorubicin and DOX) have been sufficiently 
developed for use in the clinic, although a liposomal VCR formulation is presently under study in clinical triáis.

adm inister hydrophobic photosensitizers for use in  pho- 
todynamic therapy (A llison et al., 1990; Reddi, 1997).

Considering the present state of liposome technology, 
am phipathic drugs appear to be the most suitable for 
liposomal carriers; these drugs include anthracyclines, 
such as DOX and daunorubicin, and Vinca alkaloids,

such as vincristine (VCR), vinblastine, and vinorelbine 
(Fig. 2). W ith  th is  class o f drugs, i t  is possible to tune the 
drug-release rates to m aintain the s tab ility  o f the for­
m ulation in  the plasma, yet allow the drug to be released 
a t the tum or site. This is in  large pa rt due to the devel- 
opment o f gradient-based loading techniques leading to
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stable liposomal drug form ulations (Nichols and 
Deamer, 1976; Mayer et al., 1985; Madden et al., 1990; 
Haran et al., 1993). Indeed, the firs t liposomal oncology 
drugs approved for medical use in  liposomal form are of 
the anthracyclines daunorubicin (DaunoXome; Nexstar 
Pharmaceuticals, Boulder, CO) and DOX [Doxil; Alza 
Corporation, Palo A lto, CA (CAELYX in  Europe)]. Dauno­
Xome is form ulated as a CL (DSPC/Chol), whereas Doxil 
is an SSL form ulation (hydrogenated soy PC/Chol/PEG- 
DSPE; Table 1). Another CL form ulation (eggPC/Chol) 
o f DOX (H arris et al., 1998), as w ell as form ulations of 
other am phipathic drugs, such as VCR (Embree et al., 
1998) or cispiatin (Newman et al., 1999), is in  preclinical 
or clin ica l triá is  or under Food and Drug Adm inistration 
consideration for commercial release.

In  the rem aining sections of th is  review, we attem pt to 
show how optim ization o f the balance o f circulation life - 
times, drug-induced toxicities, accumulation in  tumors, 
and drug release rates from  liposomes results in  the 
most c lin ica lly effective form ulations. This is accom- 
plished through adjustments o f both the pharmacologi­
cal and physical properties o f the liposome, including the 
injected dose, liposome size, presence o f steric stabiliza­
tion, and lip id  composition o f the carrier.

II. Pharmacokinetics and Biodistribution of 
Liposomes and Liposomal Drug

For free DOX, the volume o f d istribu tion  has been 
estimated at 25 1/kg, suggesting a significant uptake by 
tissues (Speth et al., 1988). This large volume of d is tri­
bution, when combined w ith  the re la tive ly rapid clear- 
ance rate from the circulation, results in  low drug levels 
in  the tum or and significant tox ic ity  to normal tissues. 
Liposomes can a lte r both the tissue d istribu tion and the 
rate o f clearance o f a drug by causing the drug to take on 
the pharmacokinetic parameters o f the carrier. Pharma­
cokinetic parameters o f the liposomes depend on physi- 
cochemical attributes of the liposomes, such as size, 
surface charge, membrane lip id  packing, and steric sta­
b ilization, as w ell as on the administered dose and route 
o f adm inistration. The pharmacokinetics of both CLs 
and SSLs have been extensively reviewed (Hwang, 1987; 
A lien et al., 1995; A lien and S tuart, 1999).

Both slow-release CLs and SSLs have a volume of dis­
tribution for DOX not significantly different from the total 
blood volume (see Table 3), indicating the drug is generally

confined to the systemic circulation. However, after i.v. 
adm inistration, CLs have saturable, nonlinear kinetics, 
whereas SSLs have nonsaturable, log-linear kinetics 
(Hwang, 1987; A lien et al., 1995). The dose-dependent k i­
netics for CLs result in  relatively rapid clearance rates for 
liposomes at low doses and complicates the calculations of 
clinical dosages. Clearance of CLs has been suggested by 
Alien et al. (1995a) to be due to both a high-affinity, low- 
capacity system, like ly  the macrophages of the RES, and a 
low-affinity, high-capacity system. Steric stabilization 
slows uptake by the high-affinity, low-capacity system, 
resulting in  dose-independent kinetics. The potential 
mechanisms responsible for the reduced clearance and 
dose-independent pharmacokinetics of SSLs are described 
in  more detail in  HE. Effect of Steric Stabilization on Phar- 
maeokinetic Parameters.

Liposomes are cleared from the circulation by macro­
phages of the RES, in  particular those of the live r and 
spleen (Gregoriadis, 1976; Weinstein, 1984; Sénior, 1987). 
Opsonization by serum proteins such as the complement 
C3b fragment, %-glycoprotein I, and the Fe portion oflgG  
molecules is thought to play a critica l role in  the recogni- 
tion and subsequent clearance by RES macrophages (Sé­
nior, 1987; Patel, 1992; Devine et al., 1994; Chonn et al., 
1995; Devine and M aijan, 1997). The success of a liposome- 
based approach for drug delivery to sites other than those 
making up the RES is one tha t lim its  the uptake of lipo­
somes by macrophages, either directly by preventing the 
interaction of liposomes w ith  receptora on the macrophage 
surface or indirectly by decreasing the binding of serum 
opsonins. Many studies have concentrated on understand- 
ing the mechanisms responsible for regulation of these 
interactions. These factors are often intricate ly inter- 
twined, making i t  impossible to construct sweeping as- 
sumptions based on any one factor.

A. Effect of Liposome Size on Pharmacokinetic 
Parameters

The firs t aspect o f a Hposome tha t affeets its  disposition 
is size. Liposomes of a defined size are readily prepared by 
extrusión of lip id  suspensions through filte rs containing 
pores of a sim ilar size (Olson et al., 1979; Szoka et al., 
1980). Liposomes prepared through th is method are 
slightly larger (20-50%) than the average pore size of the 
filte r. The general trend for liposomes of sim ilar composi­
tion is that increasing size translates into more rapid up-

TABLE 1
Commercial liposome formulations o f anthracyclines

Drug Manufacturer Active
Ingredient Size Lipid Composition Drog/Lipid

w/w
Doxil (CAELYX)” Alza Corporation6 DOX 100 HSPC/Chol/PEG-DSPE (56:39:5) 0.125:1
DaunoXome Nexstar Pharmaceuticals Daunorubicin 45 DSPC/Chol (2:1) 0.079:1
EVACET (TLC D-99)' The Liposome Company, Inc. DOX 150 eggPC/chol (55:45) 0.250:1

a Doxil (DOX) is known as CAELYX in Europe.
6 Originally developed by Sequus Pharmaceuticals, Inc. 
c EVACET was previously known as TLC D-99.
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take by the RES (Abra and Hunt, 1981; Hwang, 1987; 
Sénior, 1987). However, although the trend remains the 
same, the clearance of liposomes is affected to diífering 
extents depending on the composition. For example, 
DSPC/Chol (3:2) liposomes extruded through 400-nm f il­
ters are cleared 7.5 times as fast as liposomes extruded 
through 200-nm filters, which in  tum  are cleared 5 times 
as fast as small unilam ellar vesicles (Sénior et al., 1985). 
The inclusión o f PEG-DSPE in  the liposome composition 
results in  clearance rates tha t are relatively insensitive to 
size in  the range of 80 to 250 nm (Alien et al., 1989; L iu  et 
al., 1992; Woodle et al., 1992). Now, a 2-fold increase in  size 
from 100 to 200 nm results in  only a 54% increase in  
clearance (Fig. 3; Woodle et al., 1992). A  sim ilar depen- 
dence of liposome clearance on size was observed for DSPC 
liposomes stabilized w ith  small quantities of Af-glutaryl- 
phosphatidylethanolamines (Ahí et al., 1997). These lipo­
somes also showed an increased plasma area under the 
curve (AUC) compared w ith  DSPC/Chol Controls, sim ilar 
to PEG-DSPE-stabilized liposomes. The authors suggested 
that the aggregation of nonstabilized neutral liposomes 
may result in  an increase in  the effective size and, thus, 
clearance from the circulation via a size-dependent mech- 
anism. Although the dependence of hposome clearance 
rates on size is relatively less for these two stabilized 
formulations than for that w ith  CLs, it  nevertheless high- 
lights the importance of optim ization of liposome size in  
drug delivery systems not aimed at the RES. For neutral 
CLs, the window for optimal behavior is considerably nar-

30 17.5
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20 12.58
5

i

7.5

10075 125 150 175 200 225

liposome size (nm)

Fig . 3. Effect of liposome size on plasma levels ofPEG-DSPE/PC/Chol 
(0.15:1.85:1 mol/mol/mol). Female adult Sprague-Dawley ra ts were in­
jected with 67Ga-desferoxamine-loaded liposomes, and blood was drawn 
a t prescribed time points, when e7Ga levels were determined with a 
gamma counter. From these data, the half-life in the circulation was 
determined by fitting the data to a single exponential curve (O), and the 
24-h time point was recorded (•). The liposomes were prepared by extru­
sión through polycarbonate filters of defined size as described by Olson et 
al. (1979), and their size distribution was determined by dynamic light 
scattering. PC in these liposomes refers to partially hydrogenated egg PC. 
This figure was adapted from Woodle et al. (1992).

rower, and these data suggest tha t liposomes should be 
small enough (preferably <100 nm) but s till m aintain rea- 
sonable drug encapsulation efficiencies.

B. Effect of Lipid Dose on Pharmacokinetic Parameters
The administered dose can also play a significant role 

in  the circulation life tim e of a carrier. CLs are removed 
from  the circulation in  a dose-dependent manner, in d i­
cating a saturation of the mechanisms responsible for 
the ir uptake (Gregoriadis and Sénior, 1980; Abra and 
H unt, 1981; Sénior et al., 1985; Hwang, 1987). C ircula­
tion  lifetim es typ ica lly increase as a function of increas­
ing lip id  dose. This effect is like ly  due to a decreased 
phagocytic capacity of RES macrophages after the inges­
tión  o f high lip id  doses or to a saturation of plasma 
factors th a t bind to circulating liposomes and resu lt in  
the ir opsonization. The fact th a t liposomes composed of 
high-phase transition  lip ids, such as SM/Chol or DSPC/ 
Chol, can more readily satúrate RES uptake may ind i- 
cate tha t these difficult-to-m etabolize lip ids satúrate 
metabolic pathways responsible for th e ir destruction 
(Sénior et al., 1985; Hwang, 1987). A ltem ative ly, lipo­
somes have been shown to bind serum proteins in  a 
manner inversely proportional to th e ir blood clearance 
rates (Chonn et al., 1992; Semple and Chonn, 1996; 
Semple et al., 1996), g iving rise to the hypothesis tha t 
the depletion o f plasma opsonins at high lip id  doses 
results in  an increase in  blood circulation half-lives (Ty2\ 
Harashima et al., 1993; Oja et al., 1996).

RES blockade can also be achieved by delivering cyto- 
toxic drugs such as DOX or dichloromethylene diphos- 
phonate to RES macrophages (Bally et al., 1990b; Parr 
et al., 1993; Qian et al., 1994; B u iting  et al., 1996). Parr 
et al. (1997) recently considered the effect o f dose on 
DOX-loaded liposomes. In  these experiments, the pres­
ence o f DOX resulted in  a —1.5- to 2-fold increase in  the 
plasma levels o f liposomal lip id  a t higher doses fo r SSL 
DOX compared to CL DOX. In  DOX-loaded liposomes, a 
10-fold increase in  plasma levels o f liposomal lip id  ob­
served at lower lip id  doses (<1 /¿mol lip id /20-22  g 
mouse) was reduced to a 3-fold increase a t higher doses 
(>2 /xmol lipid/mouse). I t  should be noted i t  is a t these 
lower doses th a t SSL preparations are routine ly used. 
Thus, w ith  SSL DOX, long circulation does not neces- 
sa rily  come at the expense o f RES toxicity. The possible 
im plications o f the use of dose escalation, and the resu lt­
ing RES toxicity, sim ply to achieve long circulation 
times are described in  more deta il in  VI. Toxicology of 
Liposomal Chemotherapy. This indicates th a t RES 
blockade is in  pa rt due to the drug and not solely to a 
saturation o f plasma opsonins or in a b ility  to metabolize 
liposomal lip id  components.

Steric stabilization w ith  PEG-DSPE offers a unique 
advantage to liposome delivery in  tha t clearance k ine t­
ics become dose independent (A lien and Hansen, 1991; 
Huang et al., 1992; Woodle et al., 1992). The data in  
Fig. 4 illu s tra te  the re lativa effect o f liposome dose on
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Fig . 4. Dependence of circulation valúes (A, A) and plasma AUCs
(• ,  O) on administered dose. Female ICR mice (three per group) were 
given a single bolus tail-vein injection of liposomes containing 125I-tyra- 
minylinulin and 0.1 to 10 #j.mol of phospholipid. Liposomes were com­
posed of either eggPC/Chol (2:1 mol/mol) or SM/eggPC/Chol/PEG-DSPE 
(1:1:1:0.2 mol/mol/mol). This figure was adapted from Alien and Hansen 
(1991).

clearance o f both an SSL form ulation (SM/eggPC/Chol/ 
PEG-DSPE, 1:1:1:0.2) and a CL form ulation (eggPC/ 
Chol, 2:1). For the SSLs, the plasma AUC increases 
linearly, whereas the TV2 remains re la tive ly unchanged. 
This dose independence was recently shown to extend 
down to concentrations o f lip id  as low as 1 /wmol/kg in  
rabbits (Utkhede and Tilcock, 1998). In  stark contrast, 
the plasma AUC for CLs increases slowly at low doses 
(<2.5 /¿mol phospholipid/23-27 g mouse) and then in ­
creases exponentially w ith  increasing lip id  dose. A  look 
at the circulation T1/2 o f the conventional form ulation 
shows a leveling o ff o f the TV2, ind icating a saturation of 
the mechanism responsible for th e ir clearance. Although 
the CLs used in  th is  particu la r study used a fluid-phase 
phospholipid component, eggPC, s im ila r pharmacoki­
netics have been seen w ith  DSPC/Chol and SM/Chol 
liposomes (Beaumier et al., 1983; Hwang, 1987; Chow et 
al., 1989). In  one o f these studies (Beaumier et al., 1983), 
liposome levels in  the live r were shown to satúrate at the 
same dose where plasma clearance rates leveled off, 
consistent w ith  RES saturation being responsible for 
increased plasma levels a t high lip id  doses.

C. Effect o f Liposome Charge on Pharmacokinetic 
Parameters

The effect o f liposome surface charge on liposome 
clearance kinetics is an increasingly misused predictive 
factor of circulation lifetim es. E arly studies have shown 
tha t the presence of negatively charged lip ids in  lipo­
somes, including phosphatidic acid (PA), phosphatidyl­
serine (PS), and phosphatidylglycerol (PG), results in  
rapid uptake by the RES (Sénior et al., 1985; Sénior,

1987). However, th is relationship between the presence 
of charged lip ids and circulation lifetim es is extremely 
complex and cannot be readily explained w ith  simple 
models in  which the presence of an anionic lip id  neces- 
sitates increased clearance from  the circulation. Indeed, 
i t  now appears th a t each lip id  m ust be analyzed sepa- 
ra te ly and in  the context o f sim ila r liposomes w ith  re- 
spect to size, membrane packing constraints, and sur- 
face charge density.

A more careful characterization of the effect o f surface 
charge on liposome clearance in  mice was conducted 
using liposomes containing different anionic phospholip- 
ids (Gabizon and Papahadjopoulos, 1992). In  these ex­
periments, anionic lip ids were added to flu id  eggPC/Chol 
liposomes in  a 1:10:5 ra tio  (anionic lipid/eggPC/Chol). 
Although liposomes containing PG, PA, and PS (PS >  
PA >  PG) were cleared more rap id ly than neutra l lipo­
somes, the inclusión o f other anionic lip ids such as the 
ganglioside GM^ or phosphatidylinositol (P I) resulted in  
longer circulation lifetim es. Later, th is  second group of 
anionic lip ids was shown to include PEG-PE conjugates 
(Papahadjopoulos et al., 1991; Woodle et al., 1992). The 
new model then divided negatively charged lip ids into 
those w ith  and those w ithout a sterica lly shielded neg­
ativo charge. Those w ith  a sterica lly hindered charge 
were cleared more slowly, whereas those w ithout were 
cleared more rap id ly than neutra l liposomes o f a s im ila r 
composition. This too may have proved to be too simple 
o f a model.

The last statement conceming a sim ila r composition 
is extremely im portant, and the effect o f the phase tran ­
sition of the lip id  is in trica te ly  interre lated w ith  the 
effect o f charge. l,2-dipalm itoyl-3-sn-phosphatidylglyc- 
erol (DPPG)/DSPC/Chol liposomes were previously 
shown to be cleared more rap id ly than DSPC/Chol lipo­
somes in  mice (Fig. 5; Lasic et al., 1991; Woodle et al., 
1992), and in  a separate study, eggPG/DSPC/Chol lipo­
somes were cleared more rap id ly than DPPG/DSPC/ 
Chol liposomes (Gabizon et al., 1990). However, DSPC 
has a gel-to-liquid crystalline phase transition  (Tm) of 
55°C, whereas the Tm valué o f DPPG is 41.1°C (Table 2; 
Boggs et al., 1989). Thus, the replacement o f some o f the 
DSPC w ith  DPPG does not necessarily result in  lipo­
somes w ith  s im ila r perm eability and membrane packing 
characteristics. Recently, DOX-loaded l,2-distearoyl-3- 
s/t-phosphatidylglycerol (DSPG)/HSPC/Chol liposomes, 
in  which the source of PG was distearoylphosphatidyl- 
glycerol (Tm = 53.0; Table 2), were shown to have 
plasma levels o f DOX a t 24 h th a t were greater than 
twice those o f HSPC/Chol liposomes (Gabizon et al., 
1996). In  addition, the requirem ent for a high phase 
transition  anionic lip id  component may also be neces- 
sary for PI, where hydrogenated soy P I is most com­
monly used as the source o f P I in  long-circulating lipo­
somes (Gabizon and Papahadjopoulos, 1988; Gabizon et 
al., 1990). Thus, from  these few cases, i t  appears tha t 
th a t the dependence o f long circulation is more related to
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TABLE2
Primary gel-to-liquid crystalline phase transitions o f different 

phospholipids

Phosphatidylcholine
Acyl Chain 
Length, No. 

of
unsaturations

Tm Reference

DSPC 18:0, 18:0
°C
55 Goodwin et al. (1982)

HSPC 16-18
(mixture)"

52 Horowitz et al. (1992)

DPPC 16:0, 16:0 42 Papahadjopoulos et al. 
(1973b)

POPC 16:0, 18:1 - 7 Scherer and Seelig (1989)
SLPC 18:0, 18:2 -16.7 Sanchez-Migallon and Aranda 

(1996)
DOPC 18:1, 18:1 -2 1 Barton and Gunstone (1975)
eggPC Mixture6 -2 .5 Each et al. (1982)
DSPG 18:0, 18:0 53.0 Surewicz and Epand (1986)
DPPG 16:0, 16:0 41.1 Boggs et al. (1989)
eggPG Mixture 37 Vincent et al. (1991)
DSPA 18:0, 18:0 58 Krill et al. (1992)

liposome composition

Fig . 5. Effect of steric stabilization and lipid composition on plasma 
levels of liposomes. Extruded liposomes (70-100 nm) loaded with 67Ga- 
deferoxamine were injected by i.v. administration into female Swiss- 
Webster mice a t a dose of 1 /.¿mol of phospholipid per mouse. Blood levels 
of 67Ga were determined by gamma counting 24 h  after injection. Lipid 
molar ratios were 1:10:5 except for eggPC/Chol and DSPC/Chol, both at 
10:5, and PEG-DSPE/EPG/eggPC/Chol a t 1:3:7:5. This figure was 
adapted from Woodle et al. (1992) and Lasic et al. (1991).

membrane packing and perm eability considerations, 
and tha t the inclusión o f high-phase transition  anionic 
lip ids in to  solid liposomes can actually increase circula­
tion lifetim es.

However, as was stated previously, a ll cases m ust be 
considered ind iv idua lly. In  one study w ith  another an­
ionic phospholipid, PA, liposomes composed o f DSPC/ 
l,2-distearoyl-3-sn-phosphatidic acid (DSPA)/Chol 
(3:1:4) were cleared —10 times faster than DSPC/Chol 
liposomes (1:1; Sénior, 1987). DSPA has a valué 
comparable to those o f DSPG and DSPC at 58°C, and so 
for DSPA at least, liposome charge appears to become 
more im portant than membrane packing in  the determ i- 
nation of rates o f uptake. O f course, DSPA was in tro - 
duced at 25% of the to ta l phospholipid contení and has 
two negative charges per molecule. In  the previous ex­
ample, DSPG was incorporated at only 10% of the to ta l 
phospholipid and has only one negative charge, conse­
quen tly  adding an additional layer o f complexity involv- 
ing surface charge density. Janoff and coworkers have 
indeed shown a steep dependence o f blood clearance

An excellent database containing easily searchable physical properties of numer- 
ous lipids can be found a t http://www.lipidat.chemistry.ohio-state.edu.

DOPC, dioloeylphosphatidylcholine; eggPG, egg phosphatidylglycerol; POPC, 
1-palmitoyl, 2-oleoyl phosphatidylcholine; SLPC, 1-stearoyl, 2-linoleoyl phosphati­
dylcholine.

° Approximately 18% of the acyl chains are 16 carbons, and 82% are 18 carbons. 
All unsaturations have been reduced with a hydrogenation reaction.

6 Contains -34%  of 16:0, -1%  of 16:1, -10.5%  of 18:0, -31%  of 18:1, -17.7%  of 
18:2, —3% of 20:4, and —1.7% of other.

rates on the mol% o f the negatively charged component 
JV-glutaryl-dipalm itoylphosphatidylethanolam ine (N- 
glutaryl-DPPE) in  DSPC liposomes (Ahí et al., 1997). 
The normalized AUC in  plasma was greatest at 10 mol% 
7V-glutaryl-DPPE and rap id ly declined both below and 
above th is  valué. The authors suggested the sm all 
amounts o f negatively charged lip ids stabilize neutral 
liposomes against an aggregation-dependent uptake 
mechanism. A ll of these examples point to the rea lity  
th a t d ifferent liposomes, and even comparable liposomes 
w ith  d ifferent phospholipid headgroups o f sim ila r 
charge, may have very d ifferent mechanisms responsi­
ble for th e ir uptake (Daemen et al., 1997).

An even more in trigu ing  question is raised based on 
these analyses. Have CLs rea lly been optimized? Are 
sm all DSPC/Chol liposomes rea lly  the most efficient l i ­
posomal carriers in  the absence o f steric stabilization? 
A t least three studies have suggested th a t the inclusión 
o f sm all amounts (10 mol%) of certain negatively 
charged lip ids such as DSPG or TV-acylated phosphati- 
dylethanolamines (Park et al., 1992; Gabizon et al., 
1996; Ahí et al., 1997) actually increase circulation TV2 
even fu rther. Additional studies w ill be needed to elucí­
date the exact nature o f th is  stabilizing effect and deter­
mine more carefully the dependence o f th is  stabilization 
on the structure o f the stab iliz ing lip id  and such param­
eters as membrane packing. W hether these liposomes 
would offer any improvements over SSLs remains to be 
seen, but a t least one study has suggested tha t some 
DOX-loaded anionic liposome form ulations demónstrate 
an efficacy sim ila r to th a t o f SSL DOX (Gabizon et al., 
1996).

r
i

i
Q>

<D
OI



700 DRUMMOND ET AL.

Ia
(0

(ü

D. Effect ofMembrane Packing Constraints on 
Pharmacokinetic Parameters

The effect o f b ilayer flu id ity  and the relativa nature of 
the lip id  components can have a considerable im pact on 
the clearance from  the circulation o f both the liposome 
and the associated drug. These effects can e ither be 
direct effects, such as inh ib ition  of penetration and thus 
binding of serum proteins (Papahadjopoulos et al., 
1973b), or ind irect effects, such as stabilization of the 
drug form ulation to reduce the rate o f drug leakage (VIL 
Stability in Plasma and Storage). The presence o f Chol 
probably has one of the most im portant roles in  the 
maintenance of membrane bilayer s tab ility  and long 
circulation times in  vivo (Gregoriadis and Davis, 1979; 
Sénior and Gregoriadis, 1982; Sénior, 1987). In  the ab- 
sence of Chol, CLs are destabilized by HDL partióles 
(Chobanian et al., 1979; Damen et al., 1980) and upon 
release, th e ir components can be readily elim inated 
from the circulation. For liposomes w ith  and w ithout 
Chol, clearance rates were shown to negatively correlate 
w ith  increased s tab ility  in  plasma (Sénior and Gregoria­
dis, 1982). The presence of steric stabilization makes the 
need for Chol less apparent for empty liposomes, but for 
drug-loaded liposomes, Chol is necessary for m ainte­
nance o f the drug in  the liposomal in te rio r. The phos- 
pholipid component also plays a prom inent role in  the 
maintenance o f high plasma levels o f liposomes. DSPC/ 
Chol and SM/Chol liposomes have higher T1/2 valúes in  
the circulation compared w ith  more flu id  liposomes con- 
ta in ing eggPC or even l,2-dipalm itoyl-3-S7i-phosphati- 
dylcholine (DPPC; Gregoriadis and Sénior, 1980; Sénior, 
1987). This is presumably due to the decreased a ffin ity  
o f these liposomes for serum opsonins required for the ir 
uptake. To be most effective, the PC component must 
have a phase transition  tha t is s ign ificantly above 37°C. 
An inspection o f the gel-to-liquid-crystalline phase tran- 
sitions ( T J  o f a varie ty o f d ifferent PC molecules (Table
2) shows the Tm valué for eggPC is below 37°C, whereas 
DPPC has a Tm valué o f only a few degrees above (w ith 
a pretransition at 37°C). However, both DSPC and 
HSPC have a Tm valué th a t is ~15-17°C higher than 
37°C. Thus, a t 37°C, HSPC- and DSPC-containing lipo­
somes have a considerably more rig id  membrane bilayer 
tha t resists penetration of serum opsonins than do 
eggPC- or DPPC-containing form ulations. I t  is no sur- 
prise, then, th a t these liposomes tend to be the most 
stable in  the circulation and display the longest circula­
tion lifetim es.

Sphingomyelin (SM) has an added effect on circula­
tion lifetim es. SM/Chol and SM/DSPC/Chol liposomes 
were both shown to have longer circulation lifetim es 
than DSPC/Chol (Hwang, 1987; A lien et al., 1991), ind i- 
cating an additional stab ilizing effect o f SM. SM can 
form interm olecular hydrogen bonds w ith  neighboring 
Chol molecules (Schmidt et al., 1977; Sankaram and 
Thompson, 1990), resulting in  greater s tab ility  and a

decreased a b ility  o f plasma proteins to insert in to  lipo­
somal membranas.

The rate o f e lim ination o f a liposomal drug from  the 
circulation is also dependent on the rate of drug leakage 
from  the carrier. Because drugs considered for liposome 
encapsulation often have circulation times significantly 
shorter than the liposomal carrier, prematura release 
can lead to an apparent increase in  the rate o f elim ina­
tion  of the liposomal drug from  the circulation. In  DOX- 
loadad SSLs (SSL DOX) w ith  HSPC, DPPC, or eggPC as 
the phospholipid component o f the form ulation, a corre- 
la tion  was observed among tha phase transition  (Tm) o f 
the phospholipid component, the s tab ility  o f the form u­
la tion  in  in  v itro  plasma s tab ility  tests, and plasma 
levels o f the drug in  vivo (Fig. 6 and Table 2; Gabizon et 
al., 1993). Liposomes containing high-phase transition  
lip ids formed more stable form ulations, which were bet- 
te r able to re ta in  the ir drug and showed apparent in- 
creases in  drug circulation lifetim es. A  sim ila r resu lt 
was seen by Mayer and coworkers using CLs and DOX 
(Bally et al., 1990b). A more detailed explanation o f the 
d ifferent factors responsible for m aintaining a stable 
form ulation o f different drugs in  the plasma is given in  
VIL Stability in Plasma and Storage.

The conclusions th a t can be drawn from  these data 
d iffe r for CLs and SSLs. For CLs, a membrane composed

40

Q.

EggPC HSPC:CholHSPC DPPC

PEG-PE:PC:Chol

phospholipid component

F ig. 6. Dependence of plasma drug levels on liposome composition. 
SSL DOX lipid formulations containing different species of phosphatidyl- 
choline were injected into Sabra female mice (four per group) a t a dose of 
10 mg/kg DOX. The molar ratio of PEG-DSPE/PC/Chol was kept constant 
at 0.75:9.25:8 for each formulation, whereas the species of the PC com­
ponent was varied. The different PCs used were HSPC, DPPC, and 
eggPC. HSPC/Chol (10:8) liposomes were used as a CL control. DOX 
measurements were taken 24 h after drug administration. This figure 
was adapted from Gabizon et al. (1993).
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of Chol and high-phase transition  phospholipids appears 
to be im perative for m aintaining long circulation times 
and subsequent delivery o f high levels o f liposomes to 
solid tumors (see III. Accumulation of Liposomal Drugs 
in Tumors). SSLs are more pliable and can be used w ith  
fluid-phase lip ids to obtain long circulation times and 
high tum or levels o f liposomes. For both types of lipo­
somes, the lip id  composition o f the liposome membrane 
is essential in  m aintaining a stable encapsulation of the 
drug while in  the circulation. For most amphipathic 
drugs tha t are e ither weak acids or weak bases (the 
m ajority o f classic chemotherapeutic agents), th is is of 
considerable importance because these drugs w ill more 
rap id ly leak from  the carrier while in  the circulation, 
unless high-phase transition  lip ids are used.

E. Effect o f Steric Stabilization on Pharmacokinetic 
Parameters

O rig inal attem pts to m im ic the surface o f red blood 
cells by including the sterica lly hindered G M j or PI in  
liposome preparations led to the development o f long- 
circu la ting liposomes (Alien and Chonn, 1987; Gabizon 
and Papahadjopoulos, 1988; Gabizon et al., 1990). Later, 
PEG-DSPE was substituted fo r GM1 or P I (Klibanov et 
al., 1990; A lien et al., 1991; Papahadjopoulos et al.,
1991). A  common misconception is tha t the attachment 
of PEG to the surface of a liposome prevents liposome 
uptake by the RES; rather, i t  sim ply reduces the rate o f 
uptake. One of the most significant advantages o f SSLs 
is the nonsaturable, log-linear pharmacokinetics, as de- 
scribed perviously. SSLs like ly  resist uptake by the 
h igh-a ffin ity, low-capacity RES macrophages, resulting 
in  increased circulation lifetim es (A lien et al., 1995a). 
Like CLs, the prim ary site o f accumulation for SSLs is 
also the spleen and live r (Huang et al., 1992). However, 
the rate o f accumulation in  these tissues is considerably 
slower than th a t for CLs. Plasma levels o f PEG-DSPE 
containing liposomes are increased 2- to 2.5-fold over 
DSPC/Chol (2:1) CLs and 7- to 10-fold over eggPC/Chol 
(2:1) liposomes in  mice (Fig. 5; Lasic et al., 1991; Woodle 
et al., 1992). As mentioned earlier, CLs containing an- 
ionic lip ids or those containing unsaturated lip id  com­
ponents, such as eggPC, are removed more readily from 
the circulation than those containing high-phase transi­
tion phospholipids (SM/Chol or DSPC/Chol). However, 
in  the presence o f PEG-DSPE, liposomes containing 
some charged lip ids or low-phase transition  phospholip­
ids are found in  plasma after 24 h at sim ila r levels to 
those containing neutral high-phase transition  phospho­
lip ids (Fig. 5). The presence of steric stabilization thus 
allows for the rate o f clearance to be re la tive ly indepen- 
dent o f the rem aining lip id  composition for “empty” l i ­
posomes (Lasic et al., 1991; Woodle et al., 1992).

This is not inclusive o f a ll phospholipid components. 
Both G M i and PEG-DSPE were unable to prevent lipo­
somes containing PS from being cleared rap id ly from  the 
circulation (A lien et al., 1988, 1991), indicating tha t

some membrane components may confer a very powerful 
propensity for a type o f liposome being recognized and 
taken up by the RES. In  addition, although the lip ids 
composing the m ajority of the liposome may not have a 
direct effect on the removal o f the liposomal carrier 
itse lf, they may have an ind irect effect on clearance of 
the encapsulated drug. As previously described, when 
am phipathic drugs such as DOX are loaded into these 
liposomes, the rate o f leakage from  the liposome can 
become the ra te -lim iting  step for clearance o f the drug 
from the circulation i f  liposomes are not optim ized to 
prevent leakage. The dose independence of liposome 
clearance, reduced recognition and clearance o f lipo­
somes by the RES, and fle x ib ility  in  lip id  compositions 
tha t can provide considerable advantages for SSLs tha t 
make them more desirable for an assortment o f d ifferent 
applications.

The mechanism by which steric stabilization o f lipo­
somes increases th e ir longevity in  the circulation has 
been extensively discussed (Lasic et al., 1991, 1992; 
Needham et al., 1992a, 1999; A lien, 1994; Lasic and 
M artin , 1995). The basic concept o f th is  discussion has 
been th a t a flexible-chained hydrophilic polymer or a 
glycolipid, such as PEG or GMV which occupies the 
space im m ediately adjacent to the liposome surface 
(“periliposomal layer”), tends to exelude other macro- 
molecules from th is space. Consequently, access and 
binding of blood plasma opsonins to the liposome surface 
are hindered, and thereby interactions of RES macro­
phages w ith  such liposomes are inhib ited. The exclusión 
o f extraneous macromolecules from  the periliposomal 
layer creates steric hindrance (“steric stabilization ef­
fect”), which is manifested as increased in terb ilayer re- 
pulsive forces and results in  an increased in terb ilayer 
separation o f PE G-decorated bilayers compared w ith  un- 
modified ones (Lasic et al., 1992b; Needham et al., 
1992b). Ganglioside GM^ has less effect on the in te rb i­
layer separation compared w ith  PEG. Measurements of 
streptavidin-induced agglutination rate o f b iotinylated 
SSLs demonstrated tha t the steric barrie r decreased 
w ith  decreasing PEG chain length and at higher PEG 
lengths (PEG M r = 1900 and 5000) was sign ificantly 
greater than tha t produced by GM^ (M orí et al., 1991).

Several studies have argued th a t the presence o f PEG 
or G M i does in  fact lead to both a decreased extent and 
rate o f binding o f plasma proteins to liposomes (Sénior et 
al., 1991; Chonn et al., 1992; Blume and Cevc, 1993; 
Semple and Chonn, 1996), although direct experimental 
evidence is not abundantly clear for PEG-DSPE-contain- 
ing liposomes. In  two earlier studies in  which decreased 
protein binding or opsonic ac tiv ity  was shown fo r SSLs, 
the incubation o f PEG-stabilized liposomes w ith  plasma 
components was completed in  2 to 15 m in (A lien et al., 
1994; Semple and Chonn, 1996). Another study showed 
sim ila r findings in  vivo after a 2-m in incubation but 
approxim ately equivalent levels o f bound protein for a 
CL and a PEG-stabilized liposome form ulation after 30
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m in (Harvie et al., 1996). Chonn et al. (1992) have pre­
viously shown a correlation of protein-binding levels in  
CLs and GM1-containing liposomes to in  vivo circulation 
lifetim es, which is consistent w ith  the observations seen 
w ith  SSLs. Thus, decreased binding of serum opsonins 
by GM1-containing liposomes can resu lt in  decreased 
opsonin activation, as has been shown for complement 
factor C3 (Chonn et al., 1992), or reduced uptake by 
macrophages (Wassef et al., 1991; A lving and Wassef, 
1992). F ina lly, reduced clearance may be p a rtia lly  due to 
steric hinderance for the binding of liposome-bound op­
sonins to the ir receptors on RES macrophages (Klibanov 
et al., 1991; M orí et al., 1991; A lien, 1994). A lien and 
coworkers have suggested th a t the e lim ination o f SSLs 
may occur via the same mechanism as CLs, after a slow 
removal o f PEG-DSPE from the membrane (A lien et al., 
1991; A lien, 1994). Blume and Cevc (1993) suggested 
tha t SSLs may sim ply require longer to bind the opso­
nins necessary for uptake by the RES. The net effect o f 
these phenomena is tha t by sterica lly hindering the 
approach to the liposome surface by large molecules or 
cells, liposomes can a tta in  longer circulation lifetim es, 
allow ing them greater tim e to accumulate in  tumors.

F. Comparison o f Pharmacokinetic Parameters for 
Different Liposomal Formulations

SSL DOX has a long ha lf-life  in  the circulation com­
pared w ith  free DOX (Table 3). Pharmacokinetic data for 
free DOX are best described by a biexponential f it  w ith  
a rapid d is tribu tion  phase and a slow term inal elim ina­
tion  phase. The m ajority o f free DOX is elim inated in  the 
in itia l rapid phase. W ith  SSL DOX, a m ajor portion of 
the plasma AUC is a ttributed to the prolonged term inal 
phase (Papahadjopoulos and Gabizon, 1995; Gabizon 
and M artin , 1997). H alf-lives in  ra ts were found to be- 
tween 22 and 23.6 h (Mayhew et al., 1992; W orking and 
Dayan, 1996), whereas those in  humans approximated 
45 h (Gabizon et al., 1994). For conventional form ula-

tions in  humans, the term inal Ty2 is significantly short­
er: from 6.7 to 25 h for TLC D-99 and from 2.8 to 8.3 h for 
DaunoXome. A lthough the Ty2 was found to be indepen­
den! o f dose for SSL DOX, i t  increased w ith  increasing 
dose for both DaunoXome and TLC D-99. Recently, the 
dose-independence of SSL DOX at very high concentra- 
tions o f drug, 60 mg/m2, was called into question when it  
was reported th a t a decreased rate of clearance was 
observed at these higher doses (M artin , 1998). This may 
resu lt from  a drug-induced tox ic ity  to macrophages re­
sponsible for the ir elim ination, s im ila r to the effect de­
scribed by others w ith  CLs (Bally et al., 1990b; Parr et 
al., 1997). The increased r 1/2 valúes o f liposomal drugs 
re lative to free drugs were also consistent w ith  a de­
creased rate o f clearance of the liposomal carriers. DOX 
is cleared 560 times slower in  humans when encapsu­
lated in  SSLs, and daunorubicin is cleared 35 to 56 times 
slower w ith  DaunoXome, a CL form ulation, compared 
w ith  the free drugs. The stable encapsulation of drug 
w ith in  the liposome, combined w ith  the large size o f the 
carrier, like ly  prevents filtra tio n  and removal o f the 
drug by the kidneys.

I t  should be emphasized th a t the AUCs tha t are typ- 
ica lly referred to in  th is  discussion are based on drug 
tha t is for the most pa rt nonbioavailable. I t  is entrapped 
inside the carrier and unable to e lic it any response. 
Thus, the term  “AUC,” which is commonly used by those 
in  the liposome fie ld  o f study, for liposomal drugs may 
appear a little  m isleading to some because i t  does not 
tru ly  represent the pool o f bioavailable drug in  the 
plasma or in  the tum or. Several studies have shown for 
DOX th a t >95% o f the drug remains liposome associated 
in  the plasma (Gabizon et al., 1994; M artin , 1998). A 
technical lim ita tio n  in  the a b ility  to accurately measure 
the rate at which drug is released from  the carrier has 
also prevented us from expressing true AUC measure­
ments for bioavailable drug in  the tum or. The AUC 
measurements typ ica lly being referred to are o f to ta l

&
(ü

TABLE3
Pharmacokinetic parameters o f SSL  DOX in various animals

Animal Model Formulation Dose Tyz AUC vd CL

mg/kg h mg * Hh mi m l/h

Rats" SSL DOX 1.0 T l  = 1.8 
T2 = 23.6

683 13 0.4

Free DOX 0.9 T, = 0.16 
T2 = 29.1

11.1 1,014 24.3

Male Sprague-Dawley rats6 HSPC/Chol/PEG-DSPE (37:20:3) 6.0 T x = 2.8
r 2 = 22

2,769 18 0.5

Free epirubicin 6.0 0.23 15 3,700 111
Rabbits® SSL DOX 1.0 Tl = 0.5 

T2 = 21.3
368 176 6

Free DOX 1.0 Ti = 0.03 
T2 = 4.07

1 13,651 2,536

Dogs“,c SSL DOX 1.5 7\ = 0.20 
r 2 = 25.9

656 596 15.5

SSL DOX 0.5 27 ± 5 304 ± 118 1000 ± 100 25.2 ± 7.2

Ti, half-life associated with the first exponent of elimination; T2, half-life associated with the second exponent of elimination; Vd, volume of distribution; CL, total 
clearance.

° Working and Dayan (1996). 
b Mayhew et al. (1992). 
c Gabizon et al. (1993).
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drug, including both liposome and free drug. Depending 
on the lip id  composition used and the rate o f clearance in  
the particu la r organ or compartment being studied, 
these relative amounts may vary significantly.

The increased 7'1/2 valúes o f liposomal drugs transíate 
in to  an increased AUC for Doxil in  plasma compared 
w ith  the free drug (Tables 3 and 4). In  rats, the AUC for 
Doxil is >60 times th a t o f free DOX, and th is  increase is 
elevated to a 368-fold increase in  rabbits (W orking and 
Dayan, 1996). In  humans, the AUC is increased by 250 
to 600 times in  the case o f Doxil over free DOX, 20 to 30 
times in  the case o f TLC D-99, and ~60-fold in  the case 
o f DaunoXome (Table 4; Conley et al., 1993; Cowens et 
al., 1993; Gabizon et al., 1994). The sm aller plasma 
AUCs for DaunoXome and TLC D-99 re lative to Doxil 
may refiect both the shorter circulation times of the 
carriers, as a resu lt o f the lack of steric stabilization, and 
the ir increased rate of drug leakage. Even doses greater 
than three times those used for DOX were unable to 
provide comparable plasma levels o f the relevant an- 
thracycline (609 m g/*h /lite r for 25 mg/m2 DOX and 
375.3 m g*h/lite r for 80 mg/m2 daunorubicin). For TLC 
D-99, plasma AUCs reached th e ir máximum valué at 
50.5 ± 44.9 m g*h/liter, 10-fold lower than th a t for Doxil. 
Mayer and coworkers recently demonstrated they could 
obtain plasma AUCs for DOX in  mice from 27 to 57% of 
those obtained w ith  an SSL form ulation by encapsulat- 
ing DOX in  DSPC/Chol liposomes and in jecting them at

the re la tive ly high doses of 20 mg/kg DOX and 100 
mg/kg lip id  (Parr et al., 1997; B a lly et al., 1998; Mayer et 
al., 1998). Assuming tha t a stable form ulation can be 
prepared w ith  SSLs (th is is not always the case as w ill 
be seen w ith  liposomal VCR), the data suggest tha t 
plasma drug levels, and thus the to ta l AUC, w ill always 
be greater w ith  SSL form ulations. A lthough there is 
litt le  debate on th is  particu la r point, there is a s ign ifi­
cant amount o f debate over whether higher plasma lev­
els necessitate a more favorable clin ical outcome. This 
question is a complex one, and a considerable part o f the 
rem ainder o f th is review focuses on how and whether 
th is  question can be answered.

The volume of d istribu tion  fo r free DOX is high in  a ll 
species examined, indicating a wide tissue d istribution. 
The small molecular size and am phipathic nature of the 
free drug allow i t  to rap id ly d istribu te  to both healthy 
and diseased tissues. However, when administered in  
liposomal form , the volume of d istribu tion  was reduced 
>60-fold to valúes approxim ating the plasma volume, 
suggesting tha t both DaunoXome and D oxil are re- 
stricted to the central compartment (Gabizon et al., 
1993; Tables 3 and 4). The re la tive ly large size o f lipo­
somal carriers (45-150 nm) prevents them from  passing 
through the 2-nm pores found in  the endothelium of 
blood vessels in  most healthy tissues or even the 6-nm 
pores found in  postcapillary venules (Seymour, 1992). In  
addition to the size o f the carrier, the s ta b ility  o f the

TABLE 4
Pharmacokinetic parameters o f CL and SSL  DOX in humans

I
%

(O

Formulation Dose 7*1/2 AUC vd Cl Reference

mg/m2 h mg * hll l Uh
SSL DOX 25 3.2 (0.2-5.4) 609 4.1 0.08 Gabizon et al. (1994)

45.2 (20.8-59.1) (227-887) (3.0-6.5) (0.05-0.21)
50 1.4 (0.2-7.3) 902 5.9 0.09 Gabizon et al. (1994)

45.9 (29.3-74.0) (335-2497) (2.3-10.1) (0.03-0.24)
Free DOX 25 0.07 (0.05-0.09) 1.0 254 45.3 Gabizon et al. (1994)

8.7 (3.6-13.3) (0.7-1.3) (126-393) (39.7-48.6)
50 0.06 (0.06-0.08) 3.5 365 25.3 Gabizon et al. (1994)

10.4 (5.4-26.8) (2.6-6.0) (131-501) (13.3-35.2)
SSL DOX 20 5.6

56.6
577 4.7 0.07 Working and Dayan (1996)

TLC D-99 20 0.71 + 0.37 
8.2 ± 6.2

30.4 ± 32.5 21.4 ± 14.0 23.5 ± 15.6 Cowens et al. (1993)

25 0.29 ± 0.09 
6.68 + 2.94

19.7 ± 17.7 18.8 ± 10.7 23.3 ± 15.7

30 0.37 ± 0.16 
25.0 ± 22.5

50.5 ± 44.9 8.2 ± 3.0 9.0 ± 7.8

90 0.45 ± 0.60 
13.5 ± 6.6

14.1 ± 16.6 14.6 ± 7.8 21.8 ± 15.5

TLC D-99 30 0.2 ± 0.1 
25.1 ± 35.5

30.4 ± 25.8 7.1 ± 4.0 9.8 + 10.7 Conley et al. (1993)

DSPC/Chol (2:1) 10 2.8 16.9 3.75 0.942 Gilí et al. (1995)
(daunorubicin) 20 3.8 57.2 4.1 0.858

40 4.0 120.1 3.7 0.630
60 8.3 301.1 2.9 0.402
80 5.2 375.3 2.9 0.396

Free daunorubicin 80 0.77 10.33 1055 13.38 Forssen and Ross (1994)
DSPC:Chol (55:45) (VCR) 2.0 1.95 ± 1.67 

22.5 ± 9.85
6.5 ± 0.6 4.35 ± 0.84 Embree et al. (1998)

2.8 7.2 ± 4.8 
99.3 ± 17.2

40.2 ± 17.2 2.26 ± 0.47

Errors are expressed as either a range (in parentheses) or as a S.D., depending on the source of the data. For expression of half-lives of elimination, the top valué is the 
half-life associated with the first exponent of elimination, and the bottom valué is the half-life associated with the second exponent of elimination.

Ty2, half-life elimination of drug from the circulation; Vd, volume of distribution; Cl, total plasma clearance.
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form ulation can also have an effect on the volume of 
d istribution. I f  drug leaks from  the liposome before leav- 
ing the circulation, then the free drug can readily redis- 
tribu te  to healthy tissues. A  comparison o f Doxil or 
DaunoXome, both o f which contain high-phase transi­
tion phospholipids (DSPC or HSPC), w ith  TLC D-99, 
which contains the h igh ly unsaturated eggPC, shows a 
sign ificantly higher volume o f d istribu tion  (4- to 5-fold at 
25 mg/m2) for the la tte r (Table 4). This indicates tha t 
DOX was released more rap id ly from  the carrier w ith  
TLC D-99 and has d istributed more extensively in to  
normal tissues than for more stable preparations w ith  
lower leakage rates. The consequences o f th is  are an 
alteration in  the tox ic ity  profile and lower tum or levels 
of the drug. A  more thorough review o f the factors tha t 
contribute to the s tab ility  o f a form ulation in  the plasma 
is given in  VIL Stability in Plasma and Storage.

G. Tissue Distribution of Conventional and Sterically 
Stabilized Liposomes

Due in  part to the size of the carrier, L-DOX has an 
altered tissue d istribu tion  compared w ith  free DOX (Ta­
bles 5 and 6). Free DOX has a wide d istribu tion, accu- 
m ulating in  most tissues to a significant extent. L-DOX 
preferentia lly accumulates in  areas containing a discon- 
tinuous m icrovasculature, such as tumors, or in  organs 
containing the macrophages of the RES, such as live r 
and spleen. This altered d is tribu tion  reduces the concen- 
tra tion  of drug at potentia l sites o f toxicity, such as the 
heart. A  comparison of the b iodistribution o f free drug 
and th a t encapsulated in  both CLs and SSLs is given in  
Tables 5 and 6. When DOX levels are reported as peak 
levels o f drug in  various tissues, a significant increase in  
DOX is found in  healthy tissues, such as kidneys, heart, 
and lung when administered as free DOX compared w ith  
both CL and SSL DOX (Table 5). L-DOX shows in ­
creased levels in  blood, live r, spleen, and tum or (Table 
5). In  the live r, SSLs were found almost exclusively in  
Kupffer cells and rare ly in  the more abundant hepato- 
cytes (Huang et al., 1992; L itz inger et al., 1994). This is 
consistent w ith  the role o f Kupffer cells in  removing 
liposomes from  the circulation and suggests less damage 
to live r tissue than i f  delivered to parenchymal cells. 
However, in  addition to macrophages, other investiga- 
tors have demonstrated a significant uptake of lipo­
somes by a low -affin ity, high-capacity system involving 
hepatocytes in  a manner dependent on both the size of 
the liposomes and the presence of PEG-DSPE (Scher- 
phof et al., 1994). The nature o f th is  discrepancy is 
unclear but may involve problems in  detection of lipo ­
somes in  hepatocytes by some methods. From these 
data, i t  appears as though liposomes preferentia lly ac­
cumulate in  tum or and tissues of the RES, whereas free 
DOX distributes more uniform ly between the various 
tissues.

Although peak drug levels indicate L-DOX reaches 
healthy tissues to a reduced extent, when tissue drug
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TABLE 6
Tissue AUC valúes after i.v. administration o f various liposomal and free drugs
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Animal Model Liposome Formulation Dose* Plasma Tumor Spleen Liver Heart Lung Kidney

mg/kg ixg ■ h/m l tt? • híg

BALB/c mice with C26 DSPC/Chol/GMj (2:1: 662.2 1974 1299 83.25 141.5 241.8
colon carcinoma'’-'* 0.2)

DSPC/Chol (2:1) c 256.2 3348 1757 31.98 28.3 40.48
Female BDF1 mice” DSPC/Chol (55:45) 10 1095.2 470.6 8923.8 2444.5 67 1265.6

Free DOX 7.5 1.3 73.8 496.9 874.9 820.4 1258.1
BALB/c mice with colon PEG-PE/DSPC/Chol 5 809.5 169.6 320.3 309.4 41.9 91.4 132.0

C26 carcinoma^ (6:47:47)
DSPC/Chol (1:1) 5 342.8 50.1 365.5 341.4 41.2 67.5 72.4
Free DOX 5 1 18.1 178.1 168.8 63.2 106.4 146.1

BALB/c mice with P1798 DSPC/Chol (2:1) 20 2275.6 2470.5 3596.2 693.6 265.1 685.0 1237.2
lymphosarcoma* (62 nm)

Free daunorubicin 20 10 245.1 2213.4 335.5 249.9 612.2 976.8
BDF1 mice1 (mitoxantrone) DSPC/Chol 10 1970 12630 4832 178 751

DSPC/Chol/PEG-PE 10 4863 7242 4302 218 697
AUC was calculated from either 0-96  h,d 1-24 h /  by the trapezoidal rule,6, h or 0 -4 8  h /
° Dose is given in mg/kg DOX.
6 Data were collected using encapsulated 67Ga as the tracer. The tissue distribution is expressed as percent of injected dose per gram of tissue versus time (h). 
c 10-15 fsmo\ of phospholipid/kg.
d Huang et al. (1992). Data were collected using encapsulated 670 a  as the tracer. The tissue distribution is expressed as percent of injected dose per gram of tissue versus 

time (h) after injection.
e Krishna and Mayer (1997). 
f  Unezaki et al. (1995).
*  Forssen e t al. (1992). 
h Chang et ai. (1997).

levels are reported as the AUC, even in  healthy tissues, 
tissue drug levels approach those for free DOX (Table 6). 
DOX delivered via CLs accumulates to a reduced extent 
in  non-RES tissues compared w ith  delivery by SSLs. 
This is most like ly  a result o f the reduced circulation 
lifetim es o f CLs. The AUC for tumors is s till between 
2.5- and 10-fold greater than th a t for free DOX. A  more 
detailed comparison o f the extents of accumulation in  
tumors is given in  11IB. Rate and Extent o f Accumulation 
in Tumors. In  one of the earliest comparisons o f SSLs 
(G M i) versus CLs (Huang et al., 1992), liposome levels 
in  tum or (followed w ith  encapsulated 67Ga) were greater 
than twice those o f DSPC/Chol liposomes (Table 6). The 
levels in  spleen and live r for DSPC/Chol liposomes were 
1.35 to 1.7 times those o f the GM1-containing form ula­
tion, reflecting th e ir more rapid uptake by the RES. In  
the three healthy non-RES tissues measured (heart, 
lung, and kidneys), liposome levels were significantly 
greater for the SSL form ulation, suggesting tha t longer 
circulation also leads to higher AUCs for liposomes in  
healthy tissues. The few comparativo studies w ith  L- 
DOX or m itoxantrone showed either insign ificant differ- 
ences or s ligh tly  elevated AUCs in  healthy tissues for 
SSLs relative to the CL form ulation (Table 6; Unezaki et 
al., 1995; Chang et al., 1997). In  a ll cases, the to ta l AUC 
was either comparable or decreased for the liposomal 
form compared w ith  the free drug. Considering tha t the 
overall exposure for these tissues is approaching equiv­
alent amounts for free and encapsulated drug, it  m ight 
be reasonable to expect the level o f tox ic ity  in  these 
tissues to be sim ilar. However, some acute toxicities are 
dependent on peak levels o f the drug, and liposomal 
drugs accumulate in  these tissues at a much slower rate 
than the free drug. In  addition, the liposomal drug is not 
completely bioavailable, and thus the effective concen-

tra tion  of the drug in  these tissues is considerably re­
duced. In  one study, a histological section of cardiac 
muscle showed accumulation of liposomes only w ith in  
blood vessels between muscle fibers and not w ith in  the 
muscle itse lf, indicating tha t liposomes were unable to 
extravasate in  the heart to areas where they may do 
considerable damage (W orking et al., 1994). This is dis­
cussed in  greater detail in  VI. Toxicology of Liposomal 
Chemotherapy.

H. Metabolism and Elimination of Liposomal 
Doxorubicin

Anthracyclines are metabolized in  human plasma to a 
variety o f both active and inactive metabolites (Takanashi 
and Bachur, 1976; Fig. 7). The reduction in  DOX by an 
aldo-ketoreductase results in  the formation o f the most 
prominent metabolite, doxorubicinol (II), in  plasma, hile, 
and uriñe (Takanashi and Bachur, 1976). A  two-electron 
reduction in  DOX w ith  subsequent elim ination of the 
sugar results in  the inactive metabolite, a 7-deoxyaglycone 
(V: Takanashi and Bachur, 1976; Doroshaw, 1996). In  sev­
eral studies, researchers looked for the presence of DOX 
metabolites in  plasma and uriñe after the adm inistration 
o f L-DOX (Gabizon et al., 1991, 1994; N orthfelt et al., 
1996). Although several o f the more common metabolites 
(doxorubicinol and glucoronide and sulfate derivativas of 
4-dimethyl,7-deoxyaglycones) were observed in  uriñe, they 
were at diminished levels (2.5%) compared w ith  the ad­
m inistration of free DOX (11%; Gabizon et al., 1994). In  
two separate studies (Gabizon et al., 1994; N orthfelt et al.,
1996), doxorubicinol (II) was not observed in  plasma at any 
tim e after the adm inistration of SSL DOX. This is not 
surprising considering that the liposomal membrane pro- 
tects its  contents from inactivation by plasma enzymes. 
The importance o f a stable form ulation is essential in
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oglucoroníde and o-sulfate derivatives

Fio. 7. Metabolism of DOX in vivo. DOX (I) can be converted to either inactive (deoxyaglycones; III or V) or active (doxorubicinol; II) metabolites 
in the circulation. Initially, DOX is converted to doxorubicinol (II), DOX aglycone (III), or deoxydoxorubicin aglycone (V), although the preferred 
pathway is for the metabolism to II. Doxorubicinol (II) is the primary metabolite found in both plasma and uriñe. Doxorubicinol can be further 
metabolized to doxorubicinol aglycone (IV) or deoxydoxorubicinol aglycone (VI), with metabolism to VI being the preferred pathway. Finally, VI can 
be converted to more polar metabolites such as o-sulfate or o-glucoronide derivatives. A notable advantage of liposomes is th a t they are able to protect 
their contents from metabolism and inactivation in the circulation, thus allowing higher levels of the parent compound to arrive a t the tumor site. This 
figure was modified from Takanashi and Bachur (1976).

m aintaining th is advantage. In  formulations containing 
unsaturated phospholipids, DOX leaks rapidly from the 
liposome and doxorubicinol was detected in  plasma at 
times as short as 30 m in (Gabizon et al., 1991; Embree et 
al., 1993). Although small amounts of DOX metabolites 
have been observed in  tum or and tum or exudates (Gabizon 
et al., 1994; Siegal et al., 1995), its  protection from inacti­
vation by plasma enzymes almost certainly increases the 
percentage of drug that arrives in  the active form at the 
tumor site.

L-DOX is elim inated in  the uriñe at a much slower 
rate than free DOX (Vaage et al., 1998). In  a mouse 
model, free DOX was found in  uriñe samples as readily 
as 15 m in and up to 48 h after the adm inistration of the 
drug. SSL DOX was not detected in  the uriñe u n til 
almost 1 h and could s till be detected up to 5 days after 
drug adm inistration. This is consistent w ith  a con- 
trolled-release mechanism for the liposome-encapsu- 
lated drug, where the drug is released from  its  carrier at 
a very slow rate.

An understanding of the mechanisms responsible for 
m aintaining high circulating levels o f drug in  the 
plasma is essential to design carriers th a t remain in  the 
circulation sufíiciently long to have a high probability o f 
accumulating in  tumors. Nevertheless, long circulation 
tim e is only one aspect o f liposomes th a t results in  the ir 
preferentia l antitum or activ ity. I f  liposomes were un­
able to preferentia lly accumulate in  tumors, they would 
be useful only as a controlled-release type o f therapy. 
This is increasingly available through mechanical

means, and thus there is m inor clin ical importance for 
the development o f liposomes for th is  purpose. However, 
the fact th a t liposomes do accumulate preferentia lly in  
tumors allows them to be passively targeted and gives 
rise to substantial increases in  antitum or efficacy. In  III. 
Accumulation o f Liposomal Drugs in Tumors, we review 
the various mechanisms responsible for the uptake of 
liposomes in to  tumors and how they may be exploited for 
fu rthe r increasing drug delivery to tumors in  the fiitu re .

III. Accumulation of Liposomal Drugs in Tumors
A. Mechanistic Rationale for Liposome Accumulation 
in Tumors: Enhanced Permeability and Retention 
Effect Phenomenon

The accumulation of liposomes or large macromole­
cules in  tumors is a result o f a “leaky” m icrovasculature 
and an im paired lymphatics supporting the tum or area 
(Matsumura and Maeda, 1986,1989; Huang et al., 1992; 
Seymour, 1992; Yuan et al., 1994; Jain, 1996). This 
effect is often referred to as the enhanced perm eability 
and retention effect (“EPR phenomenon” ; M atsumura 
and Maeda, 1986, 1989). W ith  gold-labeled liposomes, 
both extravasation and transcytosis o f liposomes in  Ka- 
posi’s sarcoma-like dermal lesions were demonstrated 
(Huang et al., 1993). The principa l pathway fo r the 
movement o f liposomes in to  the tum or in te rs titiu m  is 
via extravasation through the discontinuous endothe­
lium  of the tum or m icrovasculature, and transcytosis is 
thought to be a re la tive ly m inor pathway. Once in  the
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tumors, nontargeted liposomes are localized in  the in ­
te rs titiu m  surrounding the tum or cells (Huang et al., 
1992; Yuan et al., 1994). Liposomes were not seen w ith in  
tum or cells, although they were observed in  resident 
tum or macrophages. The lim ited  d is tribu tion  of lipo­
somes w ith in  the tum or in te rs titium  results from a high 
in te rs titia l pressure and a large in te rs titia l space com­
pared w ith  norm al tissues (Jain, 1989, 1990). Large 
tumors are more d ifficu lt to trea t than small ones, in  
part because o f the resulting increase in  in te rs titia l 
pressure, which prevents access of drugs to the necrotic 
core (Jain, 1990). Recently, liposomes were shown to 
penetrate the tum or more uniform ly after the addition of 
an in te rna liz ing  anti-HER2 Fab' fragm ent to the lipo­
some surface (Papahadjopoulos et al., 1999) or by com- 
b in ing liposomal delivery w ith  local hypertherm ia. The 
extravasation and accumulation of liposomes in to  tu ­
mors are depicted in  Fig. 8. Targeting to endocytic path- 
ways may also increase the b ioava ilab ility  o f some drugs 
by degrading the liposomal carrier in  the late endosome

O

1 ® 0
  — ^  - ®

<Q)

Fig . 8. Scheme showing accumulation of liposomes and drug in tu ­
mors. a, slow-release liposomes are able to carry some drugs securely in 
the circulation. b, rapid-release liposomes leak their drug, to a  greater 
extent in the circulation. The drug is then free to diffuse and take on the 
pharmacokinetics of the free drug. c, the continuous endothelium of 
healthy tissues prevents leakage of liposomes into these tissues. d, how­
ever, the tumor vasculature is discontinuous with gaps ranging from 100 
to 780 nm, allowing liposomes to extravasate and reach the tumor inter­
stitium. e, nontargeted liposomes accumulate in the tumor interstitium, 
where they eventually leak their drug. f, DOX can then enter nearby 
tumor cells and accumulate in the nucleus where it elicits its cytotoxic 
effects. g, targeted liposomes also accumulate in tumors, but on entering 
the tumor area are endocytosed by tumor cells. This likely results in 
breakdown of the carrier in the lysosome and an increased delivery of 
DOX to the nucleus. h, in addition, HER2-targeted liposomes have been 
shown to distribute within the tumor, increasing the access of DOX to 
tumor cells deep within the tumor mass. Hyperthermia in combination 
with SSL DOX was shown to result in a similar distribution (not drawn 
to scale).

or lysosome. These advances are discussed in  more de­
ta il in  VIII. Bioavailability of Encapsulated Drug.

The rate o f accumulation and subsequent removal of 
liposomal drugs are affected by a varie ty o f factors. The 
absence o f functioning lym phatics, in  combination w ith  
a high in te rs titia l pressure, results in  the trapping of 
liposomes w ith in  the tum or area (Yuan et al., 1994). The 
resu lt is a re la tive ly slow rate o f e lim ination from the 
tum or. Several reports suggest th a t the observed e lim i­
nation of L-DOX from the tum or is more like ly  due to the 
release of free drug from the carrier and its  subsequent 
metabolism and difíusion from  the tum or. In  a brain 
tum or model, 7-deoxyaglycone metabolites were ob­
served a t 96 and 120 h after injection, when tum or drug 
levels were starting  to decrease (Siegal et al., 1995). In  a 
separate experiment, tum or levels o f DOX and a nonex- 
changeable lip id  m arker, [3H]cholesteryl hexadecyl 
ether, were measured at identical times (Goren et al.,
1996). Although the lip id  m arker continued to accumu­
late over the entire tim e course, 100 h, to a máximum of 
~6% of the injected dose/g o f tum or, DOX levels reached 
a máximum after 24 h of —5% o f the injected dose/g 
tum or and then slowly decreased. This suggests th a t 
after the trapping of the liposomal carrier in  the tum or 
area, DOX is made bioavailable and attains its  own 
separate rate of elim ination.

1. Effect of Microvasculature Physiology. Liposomes 
are able to enter tumors due to a discontinuous tum or 
m icrovasculature, where pore sizes vary between 100 to 
780 nm in  size (Yuan et al., 1995; Hobbs et al., 1998). 
The junctions in  the vascular endothelium o f healthy 
tissues vary depending on the type o f tissue (Seymour, 
1992). In  most tissues, including connective tissue and 
tissues o f the muscle, heart, brain, and lung, in te rce lu ­
la r tig h t junctions result in  openings of <2 nm. These 
openings can approach 6 nm in  postcapillary venules 
and are considerably sm aller than the size of liposomal 
carriers (65-125 nm; Seymour, 1992; Lum and M alik, 
1994). Organs or tissues w ith  discontinuous endothe­
lium , such as the fenestrated endothelium o f the kidney 
glomerulus or the sinusoidal endothelium o f the live r 
and spleen, can have junctions ranging from 40 to 60 nm 
for the form er and up to 150 nm for the la tte r (Seymour,
1992). Most liposome form ulations are larger than the 
threshold required for glom erular filtra tio n . As de­
scribed in  II. Pharmacokinetics and Biodistribution of 
Liposomes and Liposomal Drug, i t  is the macrophages 
residing in  the live r and spleen tha t are responsible for 
the removal o f liposomes from  the circulation and, thus, 
the other two major sites of accumulation. However, 
unlike in  tum or tissue, where they become effectively 
trapped, i f  liposomes are able to avoid uptake by mac­
rophages, then they are free to pass in  and out o f the 
live r and spleen. The selective accumulation in  tumors is 
thus made possible by the impervious nature o f the 
endothelium o f most healthy tissues.
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Vascular perm eability in  tumors is heterogeneous 
w ith  respect to tum or type, location of the vessel w ith in  
the tum or, and the tum or m icroenvironment (Yuan et 
al., 1994; Fukum ura et al., 1997; Hobbs et al., 1998). The 
enhanced perm eability and retention effect has been 
described for a variety o f large macromolecules and drug 
carriers (Matsumura and Maeda, 1986, 1989; Maeda, 
1991; Huang et al., 1992; Seymour, 1992; Yuan et al., 
1994). Perm eability and angiogenesis are also depen­
dent on various growth factors and the m icroenviron­
ment from which those growth factors are released or act 
on (Collins et al., 1993; Roberts and Palade, 1995; Del­
lia n  et al., 1996). The best studied o f these is vascular 
perm eability factor, also known as vascular endothelial 
growth factor. Vascular perm eability factor also is an 
angiogenic factor; i t  helps to recru it new blood vessels to 
support the tum or (Folkman, 1985; Collins et al., 1993; 
Roberts and Palade, 1995). Basic fibroblast growth fac­
to r was shown in  another study to increase vascular 
perm eability, although its  effects may be secondary to 
those o f vascular endothelial growth factor (D ellian et 
al., 1996). The ava ilab ility  o f these growth factors in  
d ifferent tum or environments w ill affect the accumula­
tion  of large macromolecules and liposomal carriers in  
tumors.

2. Blood-Brain Barrier. The blood-brain barrie r rep- 
resents a form idable barrie r for drug delivery to the 
central nervous system. T ight junctions, the lack of fen- 
estrations, and a low transcellu lar pinocytic index se- 
verely lim it the accumulation of macromolecules in  the 
brain (Levin et al., 1980; Seymour, 1992). Surprisingly, 
several groups have been able to show tha t even tumors 
located in  the bra in  have a “leaky” m icrovasculature, 
although pore sizes are significantly smaller (100-380 
nm) than those seen w ith  tumors located elsewhere in  
the body (200-780 nm; Siegal et al., 1995; Hobbs et al., 
1998). In  a bra in tum or model, Gabizon and coworkers 
were able to show high levels o f SSL DOX accumulation 
in  the tum or (Siegal et al., 1995). Fischer rats injected 
w ith  SSL DOX at a dose o f 6 mg/kg showed m axim al 
accumulation at 48 h of 10 to 11 /ug DOX/g o f tum or 
tissue. This was 15-fold higher than the levels observed 
after the adm inistration of an identical dose of free DOX 
(0.8 fig/g at 4 h), which were not different from levels 
found in  the normal brain (contralateral hemisphere). 
There was no accumulation o f SSL DOX in  the contralat­
eral hemisphere, and in  bra in tissue im m ediately adja­
cent to the tum or, levels were <2 jug/g tissue up to 70 h 
after injection but gradually increased to a máximum of 
4 jug/g at 120 h. These results suggest tha t even in  the 
tig h tly  regulated central nervous system, a high tum or 
vascular perm eability can be exploited for carrier-m edi- 
ated drug delivery.

B. Rate and Extent of Accumulation in Tumors
The rate and extent o f drug accumulation in  tumors 

vary depending on dose, form ulation, and tum or type

(Table 7; Gabizon et al., 1996; Goren et al., 1996; Hara- 
sym et al., 1997; Parr et al., 1997). Drug accumulation in  
tum or is most often measured at single tim e points, 
commonly either 24 or 48 h. In  some studies, the free 
drug is measured at shorter times, such as 1 h, due to its  
earlier peak o f accumulation. Data comparing the de- 
gree of drug accumulation in  tumors for free and liposo­
mal drug at single tim e points are given in  Table 7. Peak 
DOX levels are 3- to 15-fold greater in  tumors when 
delivered via liposomes compared w ith  the free drug. A 
comparison of CL versus SSL DOX showed an approxi­
m ately equivalent accumulation in  three tum or models 
when administered at high doses (20-55 mg/kg; Mayer 
et al., 1997; Parr et al., 1997; Table 7). When adm inis­
tered at lower doses (5-10 mg/kg), SSLs accumulated to 
a greater extent in  tumors (Huang et al., 1992; Unezaki 
et al., 1995; Gabizon et al., 1996). The s im ila r accumu­
la tion  in  the firs t study is probably an underestimate 
due to the taking of 24 h as the only or fin a l tim e point, 
whereas significant tum or accumulation w ith  SSL DOX 
occurs after th is tim e. The effect o f both dose and for­
m ulation is ind irectly a resu lt o f th e ir effect on liposome 
circulation lifetim es and on form ulation stab ility . As 
described in  II. Pharmacokinetics and Biodistribution of 
Liposomes and Liposomal Drug, the kinetics o f SSL 
clearance are log linear and dose independent, which 
allow for significant concentrations o f the liposomal 
drug to be in  the circulation, even at low doses (A lien et 
al., 1995a). CLs, on the other hand, display saturable 
dose-dependent kinetics th a t resu lt in  rapid clearance of 
the liposomal drug at lower doses but a much slower rate 
o f clearance, and thus higher blood levels a t higher doses 
(Hwang, 1987; A lien et al., 1995a). I t  is postulated tha t 
a t these lower doses, the large differences in  circulation 
lifetim es between SSLs and CLs would resu lt in  a larger 
reservoir o f liposomes available to enter the tum or in  the 
case o f SSLs. However, a t higher doses, as saturation of 
the mechanisms responsible for liposome clearance oc­
curs, the extent o f these differences should be reduced. 
Using a varie ty of d ifferent lip id  compositions w ith  vary- 
ing circulation lifetim es, a good correlation was observed 
between increasing lifetim es and high liposome levels in  
tumors (Gabizon and Papahadjopoulos, 1988). This re- 
lationship may prove to be overly sim plistic. As factors 
such as drug-induced RES blockade and high liposome 
dose bring clearance rates o f d iffe ring form ulations 
closer together, poorly understood effects o f liposome 
composition and physical properties (e.g., size) on rates 
o f extravasation may begin to become im portant. Recent 
evidence suggests th a t CL form ulations may accumulate 
in  tumors at a more rapid rate than SSLs, bu t due to 
lower circulation lifetim es, they give rise to lower overall 
extents o f accumulation (Gabizon et al., 1996; Mayer et 
al., 1998).

Gabizon et al. (1996) were the firs t to show th a t lipo­
somes w ith  decreased circulation lifetim es may accumu­
late in  tumors at a more rapid rate. Later, Mayer and
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TABLE7 
Accumulation o f liposomes in tumors

Animal and Tumor Model Formulation Dose Time Accumulation

mg/kg h Vg/g
CD2F, mice (P-1798 lymphosarcoma)" DaunoXome 20 24 39.57 ± 15.38

Free daunorubicin 20 24 2.02 ± 1.42
B6C3F1 mice (MA16C mammary adenocarcinoma)" DaunoXome 20 24 19.98 ± 8.77

Free daunorubicin 20 24 8.41 ± 1.11
Fischer rats (fibrous histiocytoma)6 Doxil 6 48 10.92

Free DOX 6 4 0.8
Female CSH/HeJ mice (FSa-R fibrosarcoma)c DSPC/Chol (55:45), 100 nm 20 24 16.3 ± 2.3

DSPC/Chol/PEG-DSPE (50:45:5) 20 24 15.7 ± 1.7
Free DOX 20 1 7.8 ± 3.1

Female CSH/HeJ mice (FSa-N fibrosarcomaX DSPC/Chol (55:45), 100 nm 20 24 23.9 ± 2.7
DSPC/Chol/PEG-DSPE (50:45:5) 20 24 32.1 ± 4.7
Free DOX 20 1 12.8 ± 1.2

BDF1 mice (Lewis lung carcinoma)^ DSPC/Chol (55:45), 100 nm 55 168 143.8 ± 18.2
DSPC/Chol/PEG-DSPE (50:45:5) 55 168 133.0 ± 11.9

Shionogi mice (SC115 mammary carcinoma^ TLC D-99 13 24 10.2 ± 3.6
6.5 24 5.5 ± 1.1
6.5 24 1.9 ± 0.08

BALB/c mice (M109 carcinom a/ Doxil 5 48 6.5 ± 4
10 48 16 ± 17.3
20 48 42 ± 39.3

Free DOX 5 3 3.6 ± 2.1
10 3 5.2 ± 2.1

BALB/c female mice (J6456 ascites)5 PEG-DSPE/HSPC/Chol 10 24 5.9 ± 3.4
DSPG/HSPC/Chol 10 24 4.2 ± 2.95
HSPI/HSPC/Chol 10 24 5.3 ± 1.4
HSPC/Chol 10 24 1.8 ± 0.13
Free DOX 10 24 <0.05

BALB/c female mice (M-109 carcinoma)® PEG-DSPE/HSPC/Chol 10 24 17.4 ± 8.8
DSPG/HSPC/Chol 10 24 17.4 ± 6 .1
HSPC/Chol 10 24 19.7 ± 5.0
Free DOX 10

mg/m2
24 2.2 ± 0.6

Humans (various carcinomas)'1 Doxil 25 3-7 days 0.44
50 3-7 days 0.69

Free DOX 25 4-24 0.051
Humans (Kaposi’s sarcoma lesions, biopsy specimens)' DaunoXome 20 24 1.07

40 24 1.06
Humans (Kaposi’s sarcoma lesions, biopsy specimensy Doxil 10 72 2.06 ± 0.42

20 72 1.61 ± 0.80
40 • 72 7.71 ± 2.72

Free DOX 10 72 0.18 ± 0.07
20 72 0.31 ± 0.16
40 72 0.82 + 0.18

The composition, size, and drug/Hpid ratio for daunorubicin and DOX are listed in Table 1. When available, the time of analysis was the time of maximal accumulation. 
° Forssen et al. (1992).
A Siegal et al. (1995). 
c Mayer et al. (1997). 
d Parr et al. (1997). 
e Mayer et al. (1990a). 
f  Gabizon et al. (1997). 
s Gabizon e t al. (1996). 
h Gabizon et al. (1994).
' Forssen and Ross (1994).
Northfelt et al. (1996).

►

coworkers proposed the use of a factor termed “tum or 
accumulation efficiency” (Te), defined as the AUC of the 
drug in  the tum or divided by the AUC in  the plasma, to 
determine the efficiency of extravasation for a given 
liposome form ulation (Mayer et al., 1997, 1998; Parr et 
al., 1997). In  several d ifferent tum or models, the Te 
valué was 1.5- to 3-fold higher for DSPC/Chol form ula­
tions than the sterica lly stabilized equivalent (Mayer et 
al., 1997, 1998; Parr et al., 1997). The effect o f steric 
stabilization on the rate o f tum or accumulation is s till 
controversial; at least one study tha t used videomicros- 
copy to follow  íluorescently labeled liposomes showed a 
higher perm eability for SSLs (Yuan et al., 1994). In

another study, CL DSPC/Chol (55:45) liposomes deliv­
ered at 20 mg/kg to two fíbrosarcoma models showed 
elevated drug levels in  the tum or for CLs at 4 h but for 
SSLs at 24 h (Mayer et al., 1997). The in itia lly  increased 
rate o f accumulation may be due to a higher permeabil­
ity  o f the tum or m icrovasculature to CLs, but the la te r 
increase in  SSL accumulation like ly  reflects the disap- 
pearing pool o f CLs in  the circulation, re lative to SSLs.

The role o f long-circulating properties and tissue up­
take rate on the expected efficacy o f a liposomal drug 
after i.v. bolus adm inistration may be explored using a 
two-compartment open pharmacokinetic model (Scheme 
1; W elling, 1986).
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Schem e 1.

The amount o f liposomes in  the blood compartment (Ab) 
and in  the selected tissue [e.g., tum or (At)] is governed 
by the follow ing set o f equations and boundary condi- 
tions:

dA t/dt = -(A e + ^,)Ab + &oAt 

d A /d t = ¿¡Ab -  ¿oAt 

Ab(O) = A 0; Ab(oo) = 0 

A t(0) = A t(°°) = 0

(1)

(2)

(3)

(4)

AUCb = 1/Vb A bd t

AUCt = l/V t A td t AUCt =

factor and is determined essentially by the liposome 
uptake rate into the tum or. On the contrary, tum or AUC 
correlates not only w ith  the liposome uptake (uptake 
rate constant but also w ith  the liposome longevity in  
circulation (blood e lim ination constant ke). These equa­
tions point out the importance of another process, often 
neglected: the rate o f liposome elim ination from the 
tum or {k0). Liposome elim ination from  the tum or, which 
appears to be slower than tum or uptake and blood elim ­
ination, is poorly understood and awaits adequate ex­
perim ental investigation.

The above simple model o f liposome pharmacokinetic 
behavior can be modified for the case in  which liposomes 
are not recycled from  the tum or in to  the blood bu t in- 
stead are metabolized in  situ. In  th is  case, the effects o f 
liposome uptake rate by the tum or and circulation lon­
gevity on the tum or AUC are sim ila r to the previous 
model:

(11)

This set o f linear d iífe ren tia l equations w ith  constant 
coefficients allows simple analytical solution resulting in  
somewhat cumbersome form ulas for A b(f) and A t(t) 
(W elling, 1986). Assuming tha t drug efficacy correlates 
w ith  the tissue exposure to the liposomes, which, in  
tum , is characterized by AUC, we need only calcúlate 
AUC for blood and tum or:

(5)

(6)

where Vb and Vt are physical volumes o f the blood and 
tum or compartments, respectively.

A fte r integration o f rig h t and le ft parts o f eqs. 1 and 2 
from  zero to in fin ity  and applying boundary conditions, 
we obtain:

(&e + • Vb' AUCb -  k0-Vt - AUCt = Afl (7)

f e i - V b - A U C b - ^ - V t - A U C t ^ O  (8)

and, fina lly :

AUCt=Ao-&#e'A.-Vt) (9)

T. = (AUCMAUCJ = (*, - VbMA.' Vt) (10)

In  these equations, “blood elim ination” firs t order rate 
constant ke includes a ll processes th a t lead to the re­
moval o f the carrier from the blood, including excretion, 
phagocytic clearance, and d istribu tion  in to  organs and 
tissues other than the tum or. Interestingly, Te, perhaps 
deceptively termed “tum or accumulation efficiency” 
(Mayer et al., 1997, 1998), does not include liposome 
longevity in  the circulation (characterized by ke) as a

and the expression for Te is exactly the same as eq. 10.
Thus, w ith in  the fram ework o f these models, circula­

tion  longevity o f liposomes is not a factor in  tum or ac­
cum ulation efficiency, Te, but ra ther is an im portant 
factor in  the determ ination of overall tum or exposure to 
the drug.

In  lig h t o f th is  controversy, a complicated question 
remains. I f  the perm eability is increased for CLs, what 
is the overall significance o f a 1.5- to 3-fold increase in  
perm eability, taking in to  consideration the difference in  
circulation lifetimes? As expected, when the Te was cal­
culated for free DOX at 24 h after injection, the result 
was a 2.8-fold increase over th a t for an HSPC/Chol for­
m ulation (Gabizon et al., 1996). This is not surprising 
considering the small molecular size o f the free drug and 
its  rapid red istribution into tissues. However, the extent 
o f accumulation in  the tum or is greater for the liposomal 
form ulation, as is the tum or AUC calculated at extended 
times. The overall tum or AUC appears to be a more 
relevant indicator o f the effectiveness o f a drug delivery 
system in  liposomes where drug release from  the lipo­
some is sim ilar. Mayer et al. (1998) showed two exam- 
ples where the tum or AUC was s ligh tly  greater for CL 
form ulations. One of these examples compared SM/Chol 
versus SM/Chol/PEG-PE form ulations of VCR, where 
the concentrations of PEG-DSPE used were shown to 
resu lt in  a destabilization o f the form ulation and, con­
sequently, lower amounts o f drug available for delivery 
to the tum or (Webb et al., 1995). A second example was 
completed w ith  DOX-loaded liposomes (Mayer et al.,
1997). An im portant consideration when considering at 
to ta l accumulation in  tumors is the duration in  which 
the AUC was calculated. The tum or AUC levels for a ll 
the examples given were calculated over the tim e period 
of 0 to 24 h. O ther work, w ith  substantia lly lower doses 
o f SSL DOX, has shown th a t máximum tum or accumu-
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la tion does not occur u n til 48 h or longer in  some cases 
and th a t a substantial portion o f the tum or drug level- 
versus-time curve exists a fter 24 h in  a ll cases (Papah­
adjopoulos et al., 1991; Vaage et al., 1994a; Siegal et al., 
1995; Gabizon et al., 1996, 1997; Goren et al., 1996). In  
addition, the peak tim e of accumulation is conceivably 
even la te r considering the large doses (20 mg/kg) used in  
these studies. Thus, the tum or AUC levels reported by 
Mayer and coworkers are like ly  biased in  favor o f CLs by 
lim itin g  the calculation to the firs t 24 h. F ina lly, a l­
though i t  is theoretically possible to increase circulation 
lifetim es to a sufíic iently high level to achieve an advan­
tage from the proposed increased rate o f extravasation, 
the conditions required to do so may not be pharmaco- 
logically relevant. The doses required to obtain the 
needed circulation lifetim es (20-55 mg/kg) are 4 to 20 
times larger than those being used in  current studies 
w ith  SSL DOX and w ill like ly  result in  substantial tox­
ic ity  i f  adm inistered in  m últip le  doses (see VI. Toxicol­
ogy of Liposomal Chemotherapy).

Although differences in  the rates o f extravasation may 
not be sufíic iently great to obtain a true advantage for 
CLs over SSLs, i t  is nevertheless an im portant param- 
eter to keep in  m ind when designing drug delivery sys- 
tems. Liposome size may be another im portant param- 
eter th a t affects accumulation in  tumors. Several 
studies have shown th a t the perm eability o f large mac­
romolecules is independent o f size as long as the trans- 
locating molecule is much sm aller than the pore size in  
the endothelium o f the tum or m icrovasculature (Yuan et 
al., 1995; Hobbs et al., 1998). However, even sm all lipo­
somes (100 nm) are between 13 and 100% o f the average 
pore size found in  tum or endothelium, and liposomes 
(100 nm) have already been shown to have a reduced 
perm eability compared w ith  íluorescently labeled BSA 
molecules. Although a study w ith  carefully sized lipo­
somes has yet to be completed, theoretically these data 
suggest th a t even sm all changes in  liposome size (50 nm) 
may sign ificantly affect the rate o f accumulation in  tu ­
mors. A DSPC/Chol (2:1) form ulation containing dauno­
rubicin shows maxim al accumulation in  a lymphosar­
coma solid tum or mouse model at 8 h w ith  a subsequent 
e lim ination rate sim ila r to free daunorubicin (Forssen et 
al., 1992). This in itia l rate of drug accumulation in  th is 
study is fa r more rapid than tha t seen w ith  other CL or 
SSL DOX form ulations (Gabizon et al., 1997; Mayer et 
al., 1997) and may be due to the sm aller size (50 nm 
compared w ith  100 nm for the DOX-loaded liposomes), 
although differences in  tum or type or drug-leakage rates 
cannot be ruled out. In  s itu  fluorescence measurements 
for an identical sm all form ulation showed a slower rate 
of accumulation, sim ila r to tha t o f other larger CL for­
m ulations (Forssen et al., 1996), thus com plicating th is 
in terp re ta ron . A carefully designed study tha t consid­
ered the effect o f liposome size (50-nm increments) on 
tum or accumulation rates or vascular perm eability 
would help test th is  hypothesis.

C. Hyperthermia and Vascular Permeability Factors 
for Increasing Vascular Permeability

Differences in  vascular perm eability have been ex­
ploited in  two different ways to increase accumulation of 
liposomes in  diseased tissues. Perm eability o f the tum or 
m icrovasculature was increased w ith  the use of local 
hypertherm ia, resulting in  increased tum or levels of 
SSL DOX (Huang et al., 1994; van Bree et al., 1996). 
Hypertherm ia can also resu lt in  increased rates o f drug 
release from specially engineered thermosensitive lipo­
somes (see VIIIC. Hyperthermia and Thermosensitive 
Liposomes-, Gaber et al., 1995, 1996). In  a second exam­
ple, substance P was used in  an inflam m ation model to 
increase vascular perm eability and, thus, the extents of 
liposome accumulation (Rosenecker et al., 1996; Zhang 
et al., 1998). In  both of these examples, increased accu­
m ulation in  the diseased tissue resulted from  a direct 
effect on the tum or microvasculature. I t  may prove ad- 
vantageous in  fu ture studies to increase accumulation in  
tumors by a ltering liposome surface properties or vas­
cular perm eability d irectly to promote extravasation.

D. Sterically Stabilized versus Rapid-Release 
Conventional Liposome Carriers

In  addition to using liposomes as slow-release liposo­
mal carriers, such as SSL DOX, they can be used as 
rapid-release systems, such as TLC D-99. The low-phase 
transition  phospholipid component, eggPC, o f rapid-re- 
lease liposomal carriers allows the drug to leak more 
quickly from  the liposome, a t least p a rtia lly  w hile in  the 
circulation (Bally et al., 1990b; Gabizon et al., 1993). 
Although slow-release liposomal carriers accumulate in  
tumors on a tim e scale sim ila r to or greater than the 
release of DOX from  the carrier, rapid-release systems 
can release the ir drug to a greater extent before reach- 
ing the tum or, where i t  can diffuse in to  the tum or as the 
free drug. I t  should be emphasized th a t “slow” and “rap­
id ” are relative terms, and the magnitude o f the leakage 
rates w ill u ltim ate ly be determined by the physicochem- 
ica l properties o f both the drug and the carrier. The 
release o f DOX in  the plasma for TLC D-99 can be 
demonstrated by considering the drug/lip id  ra tio , which 
drops from  0.29 to <0.05 /xg DOX//ig lip id  in  24 h (Ha- 
rasym et al., 1997). Approxim ately 58% of the drug was 
released from  the carrier w ith in  the firs t hour. The 
differences in  tum or accumulation show th a t the drug 
slowly accumulates in  tumors when delivered via  slow- 
release liposomal carriers (Papahadjopoulos et al., 1991; 
B a lly et al., 1994; Gabizon et al., 1996, 1997), like ly  
reflecting delivery o f the in tact liposome-encapsulated 
drug. In  rapid-release CL liposomal carriers, DOX accu­
mulated rap id ly in  the tum or and levels remained con­
stant for up to 72 h at levels 2- to 3-fold greater than tha t 
achieved w ith  free DOX (Harasym et al., 1997). Due to 
the increased leakage o f DOX in  the circulation, the drug 
presumably reaches norm al tissues at a faster rate as
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w ell (Mayer et al., 1989), although levels a t very early 
times were not measured. When rates o f lip id  and DOX 
accumulation were compared, DOX delivered via  rapid- 
release carriers reached peak levels by 1 h, whereas lip id  
levels did not peak u n til 48 h. W ith  slow-release carri­
ers, the in itia l rate of tum or accumulation is sim ila r for 
lip id  and drug (Bally et al., 1994; Goren et al., 1996), but 
a t la te r times, tum or drug levels decrease upon drug 
release from  the carrier and subsequent metabolism and 
red istribution (Goren et al., 1996). Drug can thus accu­
mulate in  tum or via several d ifferent mechanisms, a l­
though the prim ary mechanism for delivery by slow- 
release liposomal carriers is via extravasation of 
liposome plus drug through a discontinuous microvas­
culature. Studies o f the effects o f various factors (e.g., 
size, charge, tum or microenvironment, regulation by 
growth factors) on the perm eability and d istribu tion  of 
liposomes w ith in  the tum or w ill help engineer liposomes 
for more effective delivery o f th e ir contents in  the tumor. 
W ith the exception o f one study (Yuan et al., 1994), few 
studies have considered the movement of liposomes 
through the tum or in te rs titium . The long distances and 
high in te rs titia l pressure make th is an obstacle tha t 
may prove as im portant as the perm eability o f the tum or 
vasculature.

IV. Efficacy of Liposomal Drugs in Animal 
Tumor Models

SSL DOX has been examined for antitum or efficacy in  
a varie ty o f d ifferent tum or models, including a human 
lung tum or xenograft (W illiam s et al., 1993), human 
pancreatic carcinoma xenograft (Vaage et al., 1997), 
mouse lymphoma (Gabizon et al., 1996,1997, 1998), ra t 
bra in sarcoma (Siegal et al., 1995; Gabizon et al., 1997), 
mouse colon carcinoma (Papahadjopoulos et al., 1991; 
Huang et al., 1992; Mayhew et al., 1992), prostatic tu ­
mor xenografts (Vaage et al., 1994a; W orking et al.,
1994), mouse mammary carcinomas (Mayer et al., 
1990a; Forssen et al., 1992; Vaage et al., 1992), ovarían 
carcinoma xenograft (Vaage et al., 1993a), and an 
HER2-overexpressing human breast carcinoma xeno­
gra ft (Park et al., 1997). The combination o f a broad 
activ ity  o f DOX to a wide assortment o f d ifferent cancers 
and the common mechanistic rationale for liposomal 
accumulation in  solid tumors (see IIIA. Mechanistic Ra­
tionale for Liposome Accumulation in Tumors: En­
hanced Permeability and Retention Effect Phenomenon) 
results in  a drug form ulation w ith  substantial antitum or 
efficacy compared w ith  the free drug and re la tive ly in ­
dependent o f the type or location of the tum or. Even in  a 
brain tum or model where the blood-brain barrie r is 
thought to severely lim it drug accumulation, SSL DOX 
showed a significant increase in  mean survival times 
compared w ith  free DOX (189% compared w ith  126%; 
Siegal et al., 1995; Gabizon et al., 1997). Efficacy results 
in  a varie ty o f d ifferent liposome form ulations and tu ­

mor models are listed in  Table 8. There are possible 
exceptions to these observations th a t may result in  d if­
ferent liposome form ulations being more suitable fo r the 
treatm ent of d ifferent cancers, depending on circum- 
stances. These potentia l exceptions are described later.

In  critica l evaluation of previous studies using liposo­
mal anthracyclines, one m ust be careful o f comparisons 
drawn between CL and SSL form ulations. A ll too often, 
the CL form ulation being referred to is of a suboptimal 
form ulation, containing either unsaturated lip ids tha t 
allow the drug to leak rap id ly from  the carrier or nega­
tive ly  charged lip ids th a t facilíta te  th e ir clearance from 
the circulation. Under exceedingly complex conditions, 
such as in  vivo drug delivery, where a varie ty o f factors 
can influence pharmacokinetics, s tab ility , extravasation 
in to  tumors, and clin ica l efficacy, i t  is best for compari­
sons to be drawn where a m ínim um  number o f variables, 
ideally only one, are altered at any one time.

A. Comparison of Efficacy for Sterically Stabilized and 
Conventional Liposomes

There are few studies th a t d irectly compare sm all 
neutral CLs and SSLs in  therapeutic efficacy studies 
(Huang et al., 1992; Unezaki et al., 1995; Gabizon et al., 
1996; Chang et al., 1997; Mayer et al., 1997; Parr et al.,
1997). W ith  the exception o f one study th a t targets 
splenic and live r tumors (Chang et al., 1997), these 
comparisons are usually divided in to  one o f two experi­
m ental designs. We examine the results and relevance of 
each of these experimental designs ind iv idua lly. In  the 
firs t design, liposomes are injected at a dose o f ^10  
mg/kg DOX and show significant improvement in  ther­
apeutic efficacy for SSL DOX compared w ith  both free 
DOX and CL L-DOX (L-DOX; Table 8; Huang et al., 
1992; Unezaki et al., 1995; Gabizon et al., 1996). Using 
a BALB/c mouse C26 colon carcinoma model, an in ­
creased life  span (ILS) o f 48.3% for SSL DOX was ob­
served compared w ith  5.1% for DSPC/Chol liposomes 
and -4.2%  for free DOX when administered as a single 
dose at 10 mg/kg (Huang et al., 1992). When SSL DOX or 
SSL-epirubicin was injected at either a single dose o f 10 
mg/kg DOX or three weekly doses o f 6 or 9 mg/kg DOX, 
tumors regressed to a nonmeasurable size over tim e, 
whereas free drug administered at an identica l dose and 
schedule only s ligh tly  delayed tum or growth compared 
w ith  Controls. This was s im ila r to the firs t efficacy study 
completed w ith  a Stealth® liposomal drug form ulation 
showing increased therapeutic efficacy o f SSL-epirubi­
cin compared w ith  free epirubicin (Papahadjopoulos et 
al., 1991). E pirubicin is a DOX analog tha t shows mark- 
edly reduced cardiac tox ic ity  compared w ith  DOX. In  
th is  study, both an increase in  life  span and an in h ib i­
tion  o f tum or growth were noted w ith  three weekly in- 
jections of SSL-epirubicin (6 mg/kg epirubicin), whereas 
free epirubicin had only m inim al effects. U nfortunately, 
due to the sign ificantly decreased ILS o f the CL form u­
lation, neither study examined the effect o f CL DOX or
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TABLE8 
Efficacy studies in  an im als
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Animal Model Formulation Dose ILS” P
mg/kg *

Fischer ra ts (fibrous histiocytoma)" Doxil 8 65 <.0003
Free DOX 8 35 <.05
Doxil 5 X 3 89 <.00001
Free DOX 5 X 3 23 <.05

CD2F1 mice (P-1798 lymphosarcoma/ DaunoXome 20 15 <.05
Free daunorubicin 20 54 <.05

BGCSFj mice (MA16C mammary adenocarcinoma/ DaunoXome 20 >217 <.05
DaunoXome 2 100 <.05
Free daunorubicin 20 94

Nude mice (ovarían HEY canceré Doxil 9 40 <.001
Free DOX 9 -5 0

Female BALB/c mice (C26 colon carcinoma)'1 PEG-DSPE/HSPC/Chol (DOX) 10 48.3
DSPC/Chol (2:1) 10 5.1 NS
Free DOX 10 -4 .2 NS

BALB/c mice (J6456 lymphoma) Doxil 10 (i.v.) 116 <.0001
Free DOX 10 (i.v.) 21 <0001
Doxil 10 (i.p.) 60.5 <.0001
Free DOX 10 (i.p.) 60.5 <.0001

Female BALB/c mice (C26 colon carcinoma}' PEG-DSPE/HSPC/Chol (DOX) 10 - 7
DSPC/Chol (1:1) 10 21
Free DOX 10 114

BALB/c mice (M-109 carcinom a/ PEG-DSPE/DSPC/Chol (DOX) 10 168 <.05
PEG-DSPC/DPPC/Chol 10 118

- DSPG/HSPC/Chol 10 168 <.1
HSPC/Chol 10 94
Free DOX 10 97

BALB/c mice (J6456 lymphom a/ PEG-DSPE/DSPC/Chol (DOX) 15 144 <.01
DSPG/HSPC/Chol 15 197 <.01
Free DOX 15 19

BALB/c mice (C26 colon carcinoma)' PEG-DSPC/DSPC/Chol (epirubicin) G X 3 148»
Free epirubicin 6 X 3 20

BDF1 mice (P388 lym phom a/1 DSPC/Chol (55:45) (VCR) 3 38 <.05
SM/Chol (55:45) 3 214 <.05
Free VCR 3 >445 <.05

B6D2F1 mice (P388 leukem ia/ (i.p.) PEG-DSPE/DSPC/Chol (VCR) 2 199 <.01c
Free VCR 2 79 <.01°

BDF1 mice (L1210 tum ors/ DSPC/Chol (mitoxanthrone) 20 189
DMPC/Chol 20 >590
Free mitoxantrone 10“* 98

B6D2F1 mice (L1210 leukem ia/ (i.v.) PEG-DSPE/DSPC/Chol (ara-c) 50 138
PEG-DSPE/DSPC/Chol/SM 50 197
PG/DSPC/Chol 50 160
Free ara-C (24-h infusión) 50 90

The composition, size, and drug/lipid ratio for DaunoXome and Doxil are listed in Table 1.
° ILS, mean survival: 100 * treated/control -  100.
b ILS was calculated only from mean survival time of mice dying before day 120 (there were 6 of 10 long-term survivors for >120 days). 
c Between-treatment groups a t same dose level; other p valúes are between treatm ent and control groups. 
d The mean survival time for free mitoxantrone. 
c Siegal et al. (1995). 
f  Forssen e t al. (1992). 
e Vaage e t al. (1994b). 
h Huang et al. (1992).
' Gabanes e t al. (1998). 
j  Unezaki et al. (1995).
* Gabizon et al. (1996).
1 Mayhew et al. (1992). 
m Webb et al. (1995).
n Alien et al. (1995b).
* Lim et al. (1997).
p Alien et al. (1992).
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CL-epirubicin on tum or growth. A t the concentrations of 
DOX (6 -9  mg/kg) and liposomes (50-75 mg/kg phospho­
lip id ) used in  these studies, clearance rates are like ly  too 
rapid to observe a significant therapeutic resu lt for CLs.

Two additional studies completed w ith  a comparable 
experimental design showed sim ila r results to those ob­
served earlier (Unezaki et al., 1995; Gabizon et al., 
1996). In  an almost identical design (including the tu ­
mor and anim al model), Unezaki et al. (1995) showed a 
6-fold increase in  the percent ILS for SSLs compared

w ith  CLs (Table 8). This correlated to a > 3-fold decrease 
in  tum or AUC levels for DOX when encapsulated in  CLs 
(Table 6). Gabizon et al. (1996) completed one of the 
most thorough and careful studies o f the effect o f lip id  
composition on therapeutic efficacy. In  th is  study, five 
d ifferent liposome compositions were evaluated for ther­
apeutic efficacy and tum or accumulation in  two different 
tum or models (J6456 lymphoma and M-109 carcinoma, 
a m urine lung metástasis model). The number o f va ri­
ables was kept to a m inim um  to allow for careful com-
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parisons, and even rates of accumulation in  tumors were 
measured in  some instances, ra ther than sim ply mea- 
suring DOX levels a t single tim e points. A t a single dose 
o f 10 mg/kg, a linear correlation between circulation 
lifetim es and antitum or efficacy could not be found. L i­
posomes w ith  s im ila r but s till reduced lifetim es (HSPI/ 
HSPC/Chol, DSPG/HSPC/Chol, GM/HSPC/Chol) com­
pared w ith  PEG-DSPE/HSPC/Chol liposomes had a 
sim ila r therapeutic efficacy. In  one example, DSPG/ 
DSPC/Chol liposomes were shown to have plasma levels 
a t 24 h, approxim ately h a lf th a t seen for PEG-DSPE/ 
HSPC/Chol liposomes but an identical degree o f accu­
m ulation in  tum or and percent ILS. This was not shown 
to be an a rtifact o f the type of tum or investigated, in  tha t 
both the J6456 lymphoma and M-106 carcinoma gave 
s im ila r results. Interestingly, the one liposome compo­
sition tha t showed sign ificantly less efficacy was HSPC/ 
Chol. Plasma levels were between one fourth  and one 
h a lf o f the closest form ulation and th is  translated into a 
reduced percent ILS (168 versus 94%) in  both tum or 
models. For the conditions examined in  th is  study, SSLs 
certainly showed a greater accumulation in  tumors and 
an increase in  therapeutic efficacy compared w ith  neu­
tra l CLs (HSPC/Chol). However, the fa r more interest- 
ing result, obtained w ith  other negatively charged for­
m ulations, demonstrated tha t longer circulation times 
do not necessitate greater tum or accumulation and e ffi­
cacy.

In  a second experimental design, liposomes were in ­
jected as a single dose of 20 to 55 mg/kg DOX and 
showed approxim ately equivalent therapeutic efficacy 
for SSL DOX and CL DOX (Table 8; Mayer et al., 1997; 
Parr et al., 1997). A t these high doses, the circulation 
lifetim es for the CL form ulation are m arkedly elevated 
due to a toxic effect on RES macrophages, and in itia l 
rates of tum or accumulation appear to be greater for 
CLs than for SSL. The rates of tum or accumulation 
favor the SSL form ulation at la te r times, like ly  due to 
the more rap id ly disappearing pool o f CLs. In  both of 
these studies, tum or growth rates were slowed to com­
parable extents w ith  SSL DOX and CL DOX. There was 
no significant difference in  e ither study. However, a 
serious question is raised in  one o f these studies due to 
the significant activ ity  o f free DOX (Mayer et al., 1997). 
This may be due to the nature of the tum or investigated: 
either methylcholanthrene-induced or “spontaneously” 
arising fíbrosarcoma. In  any case, there is no significant 
difference between free and liposome encapsulated DOX 
w ith  one tum or, and free DOX actually appears more 
efficacious in  the second tum or investigated. This stands 
in  stark contrast to most other studies w ith  L-DOX in  
which a significant therapeutic advantage is gained by 
liposome encapsulation. In  the other study, L-DOX was 
used at a concentration (55 mg/kg), 5.5-fold greater than 
tha t used w ith  previous studies w ith  SSL DOX (Parr et 
al., 1997). This raises serious toxicological concems, 
which are addressed in  VI. Toxicology of Liposomal Che-

motherapy. Even at these concentrations, tum or growth 
continued rap id ly after a short delay. I t  is un like ly  tha t 
the animals would tolerate m últip le  injections o f the 
drug a t these doses. The authors appear to make logical 
arguments as to why RES blockade and an increased 
perm eability o f the tum or m icrovasculature to CLs could 
give rise to sim ila r therapeutic efficacy. However, the 
experiments in  these two reports appear to be uncon- 
vincing because o f the unrea listica lly high doses o f drug 
being adm inistered, and a more careful set o f experi­
ments on the effect o f dose on tum or accumulation, tox­
ic ity , and therapeutic efficacy in  already established 
tum or models may prove to be more persuasive. In  ad­
d ition, even at the elevated doses used in  these studies, 
little  Inform ation is given conceming the types and de­
gree of severity o f d ifferent toxicities. This appears to be 
an especially im portant concern considering the doses 
under investigation.

B. Model Dependency of Results
There are a number of characteristics o f anim al and 

tum or models, and the study design in  general, th a t may 
influence the observed results for a given form ulation in  
efficacy studies; these include such factors as the in itia l 
size of the tum or before the s ta rt o f treatm ent, the 
growth rate o f the tum or, the route of adm inistration, 
the frequency o f injection, and the tum or m icroenviron­
ment. Investigators should be aware of how these factors 
potentia lly influence the observed efficacy of a particu la r 
liposomal drug, as w ell as comparisons between d iffe r­
ent form ulations. Each o f these characteristics is exam­
ined in  deta il here.

1. Initial Size of Tumor. The size o f the tum or is an 
im portant determ inant in  its  a b ility  to be treated. As 
mentioned in  III. Accumulation o f Liposomal Drugs in 
Tumors, the tum or m icrovasculature varíes depending 
on the size of the tum or. Vascular perm eability has been 
shown to increase w ith  increasing tum or size, and some 
very sm all lesions (< 1 -2  mm) appear to be avascular 
(Folkman, 1971, 1990; Blasberg et al., 1981; Zhang et 
al., 1992). Thus, some extremely sm all tumors may not 
be pa rticu la rly  amenable to treatm ent w ith  liposomal 
drugs th a t require extravasation for activ ity. In  other 
instances, sm all tumors may coopt already existing 
blood vessels (Holmgren et al., 1995; Pezzella et al., 
1997; Holash et al., 1999). A  more relevant problem 
occurs as tumors increase to very large sizes; the ne­
crotic regions in  the in te rio r o f large tumors have a 
reduced vascular density and an increased in te rs titia l 
pressure compared w ith  the surface o f the tum or (Jain, 
1987, 1990; Jain and Baxter, 1988; Baxter and Jain, 
1990). The resu lt is a reduced access of liposome-associ- 
ated drug, which enters the tum or via  extravasation, to 
certain areas o f the tum or. Experiments can be effec­
tive ly  biased toward a favorable therapeutic outcome by 
choosing to s ta rt the drug adm inistration at early times 
when the tum or size is sm all (<0.1 cm3). Several studies
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have shown a difference in  the SSL DOX or CL DOX to 
free DOX efficacy depending on the day o f treatm ent 
re lative to tum or inoculation (Huang et al., 1992; Vaage 
et al., 1992; Cabanes et al., 1998). O f course, th is  applies 
to treatm ent w ith  free drug as w ell; tumors treated early 
after tum or inoculation can be considerably easier to 
trea t than those whose for which treatm ent was delayed 
(Huang et al., 1992). Recently, most experiments com­
pleted in  our laboratory have used 0.20 to 0.25 cm3 as 
the size at which treatm ents are begun.

2. Rapidly Growing versus Slowly Growing Tumors. 
C ertain tum or models may give ambiguous results w ith  
long-circulating liposomes due to the ir rapid doubling 
times (A lien et al., 1992; Papahadjopoulos and Gabizon,
1995). Both L1210 and P388 leukemias in  mice f it  in to  
th is  category. In  these two models, the cells divide more 
rap id ly than liposomes can d istribute to tumors and 
release th e ir contents. W ith  fast growing tumors, lipo­
somes tha t accumulate in  tumors or release th e ir con­
tents more rap id ly  may be more efficacious. Thus, a l­
though DPPC/Chol or PEG-DSPE/DPPC/Chol liposomes 
may release th e ir contents too rap id ly to be effective 
against slower growing tumors, they may show greater 
efficacy than the slow-releasing HSPC/Chol liposomes in  
these tum or models. A lien et al. (1992) have shown tha t 
form ulations w ith  increased release rates o f encapsu­
lated ara-C were more efficacious in  the treatm ent of 
mice injected w ith  rap id ly growing L1210 leukemia cells 
(Table 8). In  addition, i f  CLs do accumulate more rap id ly 
in  tumors, they may have an advantage over SSLs, even 
i f  the long-term accumulation is not as great. As men­
tioned previously, the rate of liposome accumulation in  
tumors remains a point o f controversy and m ust be more 
thoroughly studied. O f course, the rates of tum or drug 
accumulation and drug release rates from  liposomes 
m ust be o f a s im ila r magnitude to be the most effective 
in  the delivery of bioavailable drug to tumors. I f  lipo­
somes release most o f the drug before reaching the tu ­
mor or are taken up so rap id ly by the RES tha t they 
cannot accumulate in  tumors to a significant extent, 
then the effective concentration o f bioavailable drug in  
the tum or w ill s till be less than th a t for long-circulating 
liposomes. Most solid tumors targeted in  anim al studies 
grow at a sufíic iently slow rate, as to be compatible w ith  
long-circulating liposomes.

The difference in  tum or doubling times between hu­
man and anim al tum or models may also play a role in  
the effectiveness o f a particu la r type o f liposomal trea t­
ment. The anim al tum or models described in  many of 
these studies have doubling times on the order o f days to 
a few weeks. Most human tumors have doubling times 
on the order o f weeks to months, a substantial increase 
compared w ith  th a t seen in  animals. In  slow ly growing 
tumors, sm all differences in  the rate liposomes accumu­
late in  tumors, or the rate a t which the drug becomes 
bioavailable (i.e., is released from  the carrier) w ill have 
less im pact on efficacy than in  rap id ly growing tumors.

where the overall flux  o f bioavailable drug through the 
tum or is more like ly  to determine treatm ent success. 
The move from animals to humans should favor SSLs, 
where liposomes continué to accumulate in  tumors for 
days after adm inistration.

3. Route of Administration. The route o f adm inistra­
tion is another im portant variable when considering the 
relative therapeutic enhancement provided by liposomes 
in  the treatm ent o f cáncer. The i.v. route is the com­
monly used route o f adm inistration for liposomal drugs 
due p rim arily  to its  a b ility  to reach d istant sites of 
metástasis. Because the vasculature o f even tum or me­
tástasis requires angiogenesis and increased vascular 
perm eability to obtain the nutrients required for its  
rapid growth, delivery via the i.v. route allows the drug 
to be sim ultaneously targeted to a ll sites o f prim ary 
growth or metastases. D elivery via other routes may 
reduce the amount o f drug th a t effectively reaches the 
tum or and thus decrease the efficacy o f the drug. In  a 
mouse J6456 lymphoma model, SSL DOX injected i.v. 
was shown to increase the ILS from  121 to 215 (p <  
.0001) compared w ith  free DOX at 10 mg/kg (Table 8; 
Cabanes et al., 1998). When administered by i.p. injec­
tion, the life  spans were identical (ILS = 60.5%) for free 
and L-DOX, showing tha t a considerable difference in  
effectiveness does exist depending on the site o f adm in­
istra tion.

4. Frequency of Injection. The frequency o f drug in ­
jection is also like ly  to have an effect on the therapeutic 
response. CLs require high doses o f both lip id  (>100 
mg/kg) and drug (>20 mg/kg) to obtain comparable tu ­
mor levels o f drug to SSL DOX (see IIIB. Rate and 
Extent of Accumulation in Tumors-, Mayer et al., 1997; 
Parr et al., 1997). A t these high doses, repeated injec­
tions may not be possible due to nonspecific toxicities. In  
addition to the toxicities associated w ith  the drug, A lien 
et al. (1984) have shown th a t m últip le  injections of free 
liposomes at high doses also cause significant tox ic ity  to 
live r and spleen (see VIA. Tolerability of Liposome Com­
ponents). The dose independence o f SSL DOX allows 
liposomes to be administered at low doses on a schedule 
tha t varíes from  once a week to once every 4 weeks. This 
is like ly  necessary to keep tum or drug levels high and 
thus m aintain a greater efficacy. I f  CLs are found to 
have sim ila r efficacy at a single high dose, then the next 
step w ill be to show th a t th is  s im ila ríty  in  efficacy can be 
m aintained after m últip le  injections w ithout compro- 
m ising the reduced toxic ity o f the drug.

5. Environment of Tumor. The site o f tum or im plan­
ta ro n  is also im portant in  determ ination o f the relative 
efficacy o f a liposomal drug form ulation. Tumors vary in  
perm eability, vascular density, and response to local 
perm eability or growth factors depending on the micro­
environm ent o f the tum or (D ellian et al., 1996; Fuku­
m ura et al., 1997; Hobbs et al., 1998). Tumors im planted 
s.c. have different properties from  those im planted in  
the live r or in  the brain. Tumors found in  the live r and
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spleen may be more susceptible to drug delivered by CLs 
than tumors in  other areas o f the body, due to the a b ility  
o f CLs to localizo rap id ly and preferentia lly in  these 
organs. Drug released from macrophages may k ill neigh­
boring tum or cells through the bystander effect (Storm 
et al., 1988). This underscores the question as to why 
more studies have not been completed w ith  live r meta- 
static models. E arly studies completed w ith  DOX loaded 
in  PG- or PS-containing liposomes demonstrated an en­
hanced activ ity  toward live r metástasis of colon carcino­
mas (Mayhew et al., 1987) or lymphomas (Gabizon et al.,
1993) compared w ith  free DOX. These, or sim ilar, lipo­
some form ulations were ineffective against a varie ty o f 
cancers located elsewhere in  the body (Gabizon et al., 
1990). The cióse proxim ity o f live r metástasis to Kupffer 
cells responsible for liposomal drug uptake may make 
tum or models more sensitive to treatm ent w ith  liposo­
mal drug therapy and a lte r the characteristics necessary 
for effective treatm ent.

A lien et al. (1992) showed th a t mice injected i.v. w ith  
L1210 leukemia cells were treated more effectively after 
the encapsulation of ara-C in  liposomes than by a 24-h 
infusión of free ara-C, presumably because liposomes 
can more e ffic iently deliver the drug to live r or splenic 
tumors. In  the same study, liposomes tha t released 
ara-C at a faster rate were shown to have the greatest 
activ ity  (Table 8). This same group used liposomal VCR 
to show th a t depending on the route o f tum or im planta­
ro n  for L1210 leukemic cells, drugs may benefit from 
either a more rapid or a slower release from  the liposo­
mal carrier (A lien et al., 1995b). These authors con- 
cluded th a t peritoneal or s.c. tumors may be more ame­
nable to slow-release systems, whereas intravascular 
cancers are better treated w ith  rapid-release systems. 
Another ra ther elegant study used liposomal m itox­
antrone encapsulated in  d ifferent liposome form ulations 
to show th a t liposomes th a t rap id ly release the ir con­
tents may be more efficacious than slow-release form u­
lations in  two such tum or models (Lim  et al., 1997). 
L1210 and P388 cells seed preferentia lly in  the live r and 
spleen when injected i.v. (Lim  et al., 1997). In  th is  study, 
m itoxantrone delivered via  DMPC/Chol liposomes (rap­
id-release liposomes) were considerably more effective 
than when delivered via  DSPC/Chol liposomes (Table 8; 
>590 versus 189% ILS), suggesting the rapid leakage of 
drug from  the former carrier may facilíta te  the cytoxic 
activ ity  of the drug in  th is  model. In  addition, CLs 
(DSPC/Chol) were shown to have a sim ila r percent ILS 
compared w ith  SSL-mitoxantrone at both 10 and 20 
mg/kg (Table 8; Chang et al., 1997). A lthough SSL- 
m itoxantrone may d istribute to the tumors themselves 
to a greater extent, the high concentration o f m itox­
antrone in  the live r and spleen, due to its  rapid uptake 
by RES macrophages in  these organs, may provide 
higher overall concentrations o f bioavailable drug after 
its  release from these macrophages. U nlike DOX, m itox­
antrone was unable to increase the circulation life tim e

by poisoning RES macrophages. The studies suggest 
th a t d istribu tion  to the live r and spleen may favor a good 
therapeutic response w ith  CLs programmed to release 
the encapsulated drug at a faster rate than experienced 
w ith  solid DSPC/Chol or PEG-DSPE/DSPC/Chol lipo­
somes. A lthough these experiments show tha t proxim ity 
o f tumors to RES macrophages may a lte r the character­
istics needed to engineer effective liposomal drug deliv­
ery vehicles for th e ir treatm ent, i t  should be noted tha t 
both L1210 and P388 tumors are fast growing tumors 
th a t like ly  favor rapid drug release for the reasons men­
tioned earlier. I t  would be interesting for the authors to 
repeat these experiments w ith  slower growing tumors to 
see whether a more general relationship tru ly  exists 
between tum or environm ent and drug-release charac­
teristics.

C. Efficacy with Nonanthracyclines
There have been several in  vivo therapeutic efficacy 

studies completed w ith  drugs other than anthracyclines. 
SSL-cisplatin (SPI-77) is presently being developed by 
Alza Corporation (Palo A lto, CA; form erly Sequus Phar- 
maceuticals, Inc., Menlo Park, CA). A lthough details are 
lim ited, SSL-cisplatin proved more efficacious than free 
cisplatin in  both Lewis lung carcinoma and C26 colon 
carcinoma tum or models (W orking et al., 1998; Newman 
et al., 1999), delaying tum or growth in  one model by >30 
days compared w ith  3.7 for free cisplatin. In  another 
study, SSLs were used to deliver ara-C in  a m urine 
L1210/C2 leukemia model (A lien et al., 1992). Encapsu­
la tion  in  SSLs increased the percent ILS  from  90 to 
197%. The liposomes were shown to act as a slow-release 
depot for drug, and the increased therapeutic efficacy 
was thought to result p rim a rily  from th is  effect and not 
preferentia l accumulation in  tumors. These liposomes 
were not optim ized for long circulation and high tum or 
accumulation because the liposomes were prepared by 
reversed-phase evaporation followed by extrusión 
through 0.4-fim-pore fílte rs, giving liposomes in  excess 
of 400 nm.

Several studies have been completed w ith  liposomal 
paclitaxel (Sharma et al., 1995, 1996, 1997). In  two of 
these studies, liposomal paclitaxel showed significant 
activ ity  against human ovarían tum or xenografts, inhib- 
itin g  tum or growth (Sharma et al., 1995, 1997). The 
liposomes in  these studies incorporated paclitaxel in to  
liposomes at low drug/lip id ratios (1:33), much lower 
than tha t used for DOX (see Table 1), like ly  a resu lt of 
the drug being carried in  the liposomal membrane and 
not encapsulated w ith in  its  in terna! aqueous space, as is 
DOX. This is consistent w ith  the physicochemical prop­
erties o f the drugs, where hydrophobic drugs such as 
paclitaxel would be expected to reside in  the hydropho­
bic membrane core and am phipathic drugs, such as 
DOX, can be loaded by remote-loading techniques (see 
VIIA1. Drug-Loading Methods) to high concentrations in  
the encapsulated aqueous space. The pharmacokinetic pa-
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rameter associated w ith  the drug were sim ilar for liposo­
mal paclitaxel and paclitaxel formulated w ith  Cremophor 
EL, suggesting that liposomes in  this form ulation are sim­
ply acting as a drug-solubilizing agent (Sharma et al.,
1997), and the drug rapidly redistributes to other hydro­
phobic sites after adm inistration. The high toxicity o f the 
Cremophor EL vehicle makes delivery by liposomal solu- 
bilization therapeutically beneficial, due to the low toxicity 
o f the liposomal carrier (see VIA. Tolerability of Liposome 
Components). However, because th is formulation acts as 
an extremely rapid-release liposomal carrier, i t  differs 
from slow-release systems, which selectively accumulate 
in  tumors and release the ir contents on a more compatible 
tim e scale. A  lipoph ilic  c isp la tin  derivative, cis-bis- 
neodecanoato-íra/is-iZ^Z-1,2-diaminocylcohexaneplatinu- 
m (II), has also shown some promise when incorporated 
into liposomal membranes (Morí et al., 1996). This prodrug 
reverts to the active drug after hydrolysis.

F ina lly, liposomal VCR has been the most thoroughly 
studied nonanthracycline liposome form ulation in  vivo. 
VCR is an alkaloid derived from  Vinca rosea th a t has 
been used clin ica lly fo r the treatm ent o f various types of 
cáncer (Cárter and Livingston, 1976). Like other Vinca 
alkaloids, VCR exerts its  antitum or activ ity  by inh ib it- 
ing cell división v ia  interactions w ith  tubu lin  (Owellen 
et al., 1976). The m ajor dose-lim iting toxicities o f VCR is 
a peripheral neurotoxicity (Rowinsky and Donehower,
1996). VCR exhibits low so lub ility  in  aqueous solution at 
physiological pH and re la tive ly high perm eability to 
membranes. Due to physicochemical s im ila rities w ith  
DOX, methods o f drug loading in  liposomes developed 
for DOX could be efficiently used for VCR; th is  is dis­
cussed in  more detail in  VIIA1. Drug-Loading Methods.

For CL form ulations, the exchange of DSPC (Tm > 
37°C) for eggPC (Tm <K 37°C) increased the circulation 
life tim e of VCR by >100% (Mayer et al., 1990b, 1993). 
Despite th is  advance, no significant difference in  the 
tox ic ity  profile were observed compared w ith  free VCR 
in  dogs, although a moderate reduction in  tox ic ity  could 
be observed in  mice (Kanter et al., 1994). However, the 
drawback of liposomal drug retention was s till to be 
overcome because 85 to 90% of encapsulated VCR leaked 
from DSPC/Chol liposomes w ith in  24 h o f i.v. adm inis­
tra tion  (Boman et al., 1994). Webb et al. (1995) showed 
tha t drug retention was increased after the substitution 
of SM for DSPC, and th is  translated in to  a significant 
improvement in  efficacy in  BDF1 mice bearing P388 
tumors (214 versus 38% ILS  for SM- and DSPC-contain­
ing liposomes, respectively). This demonstrates the im ­
portance of m aintaining a stable form ulation for the 
effective use o f liposomes as a drug delivery system and 
tha t a particu la r lip id  composition is not necessarily the 
best for a ll drugs, even i f  both are am phipathic in  na­
ture. Each drug m ust be considered ind iv idua lly.

SSL form ulations of VCR in  which liposomes were 
coated w ith  GMX showed h igh ly efficient cures of mice 
w ith  P388 leukemia (Boman et al., 1994). When PEG

was used as the stabilizing agent, liposomal VCR 
showed efficient antitum oral activ ity  in  s.c. and i.p. solid 
tumors but did not improve efficacy on rap id ly growing 
i.v. disseminated leukemias (A lien et al., 1995b). This 
study also did not find  a significant difference in  the 
LD50 of SSLs and free VCR in  mice, w ith  both having an 
LDg0 o f —2.5 mg/kg (A lien et al., 1995b). In  th is study, 
pharmacokinetic studies comparing SL- and CL-VCRs 
were performed using EPG/HSPC/Chol liposomes as a 
CL form ulation. Although s im ila r in  surface charge to 
the SSL form ulation, the presence of the exposed nega­
tivo  charge in  EPG results in  a re la tive ly rapid clearance 
o f the CL form ulation from the circulation, essentially 
accentuating the differences between CLs and SSLs. 
O ther studies have used a sim ila r CL control w ith  stud­
ies of L-DOX delivery (Mayhew et al., 1992; Vaage et al., 
1992; W illiam s et al., 1993; Sakakibara et al., 1996). In  
our opinion, the use o f sm all neutra l CL form ulations as 
a control when comparing SSL and CL form ulations may 
be more accurate and inform ativo as to the extent o f the 
differences between optim ized form ulations o f both 
SSLs and CLs. F ina lly, combination therapy, using SSL 
VCR and DOX, gave h igh ly efficient stop growth and 
disappearance o f mammary carcinoma MC2 bearing 
mice at doses for which no toxic systemic side effects 
could be detected (three weekly injections o f 1.3 and 6 
mg/kg for liposomal VCR and DOX, respectively; Vaage 
et al., 1993b).

D. Multidrug Resistance
M ultid rug  resistance can severely lim it the effective­

ness o f some types o f chemotherapy. Although drug re­
sistance can take on many forms, one o f the most com­
mon comes in  the form  o f the m ultid rug resistance 
transporter, a membrane-spanning ATPase located in  
the plasma membrane and responsible for the efílux of 
positively charged am phipathic drugs from  the cell (En- 
dicott and Ling, 1989; Pastan and Gottesman, 1991; 
Gottesman and Pastan, 1993). Overexpression o f P-gly- 
coprotein (Pgpl70) in  tum or cells can lead to a marked 
decrease in  sensitiv ity to drugs such as DOX. The deliv­
ery of L-DOX has resulted in  the effective treatm ent o f a 
number o f chemotherapy refractory cancers both in  an­
im al models and in  the clin ic (Treat et al., 1990; Vaage et 
al., 1994b; Muggia et al., 1997; N orth fe lt et al., 1997). 
This has raised some questions as to whether L-DOX is 
able to sensitizo tum or cells and thus p a rtia lly  reverse 
m ultid rug resistance.

Results in  cell culture suggested th a t drug resistance 
could be pa rtia lly  reversed by treatm ent w ith  L-DOX, 
although these cells were s till s ign ificantly less sensitive 
than non-drug-resistant cell lines (Richardson and Ry- 
man, 1982; Th ierry et al., 1989; Rahman et al., 1992). 
The mechanism responsible for liposome-mediated par- 
tia l reversal o f drug resistance is not w ell understood. 
Several o f the form ulations used in  these studies contain 
negatively charged phospholipid components, such as
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718 DRUMMOND ET AL.

phosphatidylserine (Fan et al., 1990) or cardio lip in (Thi­
erry et al., 1989; Oudard et al., 1991; Rahman et al.,
1992), which may act to d irectly regúlate the P-glyco- 
protein transporter. A ltem ative ly, they may act to pro­
vide sustained high levels o f drug to the resistant cells 
over long periods of tim e (Alien, 1998), or i f  endocytosed, 
they may deliver the drug in tem a lly  where it  doesn’t  
im m ediately reach the P-glycoprotein transporters lo­
cated in  the plasma membrane (M ickisch et al., 1992). 
Apart from  cell sensitization, liposomal drug delivery 
may help overcome a broader range o f drug resistance 
due to favorable pharmacokinetics. Thus, the increased 
response rates in  these refractory patients may have to 
do w ith  the increased concentration of drug th a t accu­
mulates in  the tum or after treatm ent w ith  L-DOX. In  
any event, although the fact th a t L-DOX appears to be 
more effective against refractory patients is an encour- 
aging observation, the likelihood tha t DOX delivered via 
liposomes w ill completely reverse m ultidrug resistance 
is low. Thus, to more effectively trea t patients resistant 
to a particu la r type of chemotherapy, i t  w ill be im por­
ta n t to combine L-DOX w ith  other presently used che­
motherapeutic agents or develop additional liposomal 
chemotherapeutic agents, w ith  nonoverlapping mecha­
nisms of drug resistance.

V. Clinical Efficacy of Liposomal Anthracyclines

There are three forms of L-DOX or daunorubicin being 
manufactured by different pharmaceutical companies. 
The properties of these form ulations are given in  Table 
1. D oxil and DaunoXome have been approved for the 
treatm ent o f AIDS-related Kaposi’s sarcoma and are 
being evaluated in  clin ical triá is  for the treatm ent o f a 
varie ty o f cancers (Eckardt et al., 1994; G ilí et al., 1995; 
Muggia et al., 1997; Ranson et al., 1997; M artin , 1998; 
N orth fe lt et al., 1998; Schmidt et al., 1998). The Lipo­
some Company, Inc. has recently completed several 
large phase I I  and phase I I I  clin ical triá is  using 
EVACET (also known as TLC D-99) for the treatm ent of 
m etastatic breast cáncer and is now aw aiting approval 
fo r the drug by the Food and Drug Adm inistration (Har- 
ris  et al., 1998; Swenson et al., 1998; Valero et al., 1999). 
The data obtained from  triá is  thus fa r suggest tha t a ll 
three liposomal drugs offer a significant therapeutic 
benefit compared w ith  the free drug and often compared 
w ith  current chemotherapy combinations indicated for 
the studied form  of cáncer. Liposomal drugs can be ther­
apeutically beneficial based on the ir a b ility  to decrease 
nonspecific toxicities associated w ith  the drug, a process 
referred to as toxic ity buffering, or by being more effica­
cious against a specific type o f cáncer, increasing the 
response frequency, average tim e to relapse, or response 
duration. DaunoXome and D oxil have been shown to 
offer sim ila r or greater efficacy, and decreased levels of 
most toxicities (see VI. Toxicology of Liposomal Chemo­
therapy, Table 9) compared w ith  free DOX and standard

chemotherapy regimens (Gabizon et al., 1994; G ilí et al., 
1995, 1996; Muggia et al., 1997; Ranson et al., 1997; 
M artin , 1998; N orth fe lt et al., 1998; Stewart et al.,
1998). EVACET was shown to decrease most toxicities 
and has a sim ila r response frequency to DOX alone 
(B atist et al., 1998; H arris et al., 1998).

This review focuses p rim arily  on PC/Chol CLs and 
SSLs. There have been several earlier clin ica l studies 
w ith  alternative form ulations, mostly containing sm all 
quantities of negatively charged lip ids, but due to the ir 
unproven clin ical u tility  they are not discussed fu rthe r 
in  th is  review. The reader is referred to the follow ing 
references for Inform ation on these studies (Gabizon et 
al., 1989, 1991; Treat et al., 1990; Rahman et al., 1992; 
Gabizon, 1998). In  addition, efficacy can be dependent 
on a varie ty o f d ifferent patient characteristics; these 
include such characteristics as sex, age, p rio r chemo­
therapy treatm ents, degree of disease severity, presence 
o f m etastatic disease, and overall performance status. 
The reader is encouraged to re tum  to the orig ina l cita- 
tions to obtain Inform ation conceming these character­
istics because a detailed evaluation o f the complete c lin ­
ical findings is beyond the scope o f th is  review.

A. AIDS-Related Kaposi’s Sarcoma
Kaposi’s sarcoma is the most common neoplasm asso­

ciated w ith  AIDS (N orthfe lt, 1994). I t  is characterized by 
painfu l and d isfiguring cutaneous lesions th a t can also 
have tumor-associated lymphedema. Some patients 
have visceral involvement, including gastrointestinal 
and pulm onary nodules. Single-agent standard chemo­
therapy is re la tive ly ineffective. U n til recently, combi­
nation regimens, including bleomycin/VCR (BV) or 
DOX/bleomycin/VCR (ABV), were most commonly used 
as a front-line  defense (G ilí et al., 1990, 1994). Both 
liposomal daunorubicin and SSL DOX have shown sig­
n ifican t ac tiv ity  against Kaposi’s sarcoma in  a number 
o f phase I I  and I I I  c lin ica l triá is  (Presant et al., 1993; 
Simpson et al., 1993; G ilí et al., 1995, 1996; Harrison et 
al., 1995; G irard et al., 1996; Amantea et al., 1997; 
Coukell and Spencer, 1997; N orth fe lt et al., 1997, 1998; 
Stewart et al., 1998). Response rates have varied from 
25 to 73.5% depending on patient characteristics and 
tr ia l design. Many o f the results from these triá is  are 
listed in  Table 9.

Recently, Doxil (20 mg/m2) was shown to compare 
very favorably w ith  either the ABV (20 mg/m2:10 mg/ 
m2: l  mg) or BV (15 IU /m 2:2 mg) regimens (N orth fe lt et 
al., 1998; Stewart et al., 1998). The overall response rate 
in  the ABV comparison was 45.9% for Doxil and 24.8% 
for the ABV arm (N orth fe lt et al., 1998). Doxil showed an 
overall response rate o f 58.7% compared w ith  23.3% for 
the BV arm (Stewart et al., 1998). In  both o f these 
studies, the duration o f response was sim ila r for both 
arms of the study. In  addition to the superiority in  
response rate achieved w ith  Doxil, both studies reported 
a significant decrease in  certain toxicities and greater
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TABLE 9
Phase II  and III clinical studies with L-DOX

Cáncer0 Liposome
Formulation Dose Schedule Total

Responses
Complete
Response

Response
Duration

mg/m2 $ days
Kaposi’s sarcoma (re = 16)” Doxil 20 X3 w k 75 98
Kaposi’s sarcoma (re = 2 4 / DaunoXome 40 X2 w k 54.2 8.3 84

(patients failed standard
chemotherapy)

Kaposi’s sarcoma (re = 22F DaunoXome 50-60 X2 w k 55 5
Kaposi’s sarcoma (n = 34/' Doxil 20 X3 w k 73.5 5.8 63
Kaposi’s sarcoma (re =  29)* Free DOX 20 X2 w k 48 3 105
Kaposi’s sarcoma (re =  116y DaunoXome 40 X2 w k 25 2.5 175

ABV 10, 15 U, 1 mg X2 w k 28 0.9 168
Kaposi’s sarcoma (n = SO)4 DaunoXome 40 X2 w k 73 153
Kaposi’s sarcoma (re =  29)' DaunoXome 40 X2 w k 45 70
Kaposi’s sarcoma (re =  53)™ Doxil 20 X3 w k 36 1.8 128

(patients failed standard
chemotherapy)

Ovarían carcinoma Doxil 40-50 X3 w k 25.7 2.9 180
(n  = 35)c- '*

Metastatic breast carcinoma Doxil 45-60 3 -4  w k 31 6.3 270
(n =  64)°

Kaposi’s sarcoma (n  =  40Y Doxil 20 X3 w k 70
Kaposi’s sarcoma (n = 1 2 iy Doxil 20 X3 w k 58.7 5.8 160.4

BV 15 IU/m2, 2 mg X3 w k 23.3 0.8 156.7
Kaposi’s sarcoma (re =  133/ Doxil 20 x2 w k 45.9 0.8 90

ABV 20, 10, 1 mg X2 w k 24.8 92
Metastatic breast carcinoma TLC D-99 75 X3 w k 33 3

(re =  6 9 /
Free DOX 75 X3 w k 28 1

Metastatic breast carcinoma TLC D-99/ 60, 500, 500 X3 w k¿ 68 5III3

CPA/5-FtT

CPA, cyclophosphamide; 5-FU, 5-fluorouracil.
° Valúes are number of accessable patients.
6 The composition, size, and drug/lipid ratio for DaunoXome and Doxil are listed in Table 1. 
c Patients failed to respond to platinum- and paclitaxel-based regimens.
d Both CPA and TLC D-99 were administered on day 1, and 5-FU was administered on days 1 and 8. 
c Simpson et al. (1993). 
f  Presant et al. (1993). 
e Gilí et al. (1995). 
h Harrison et al. (1995).
'G ilí et al. (1991). 
j  Gilí et al. (1996).
* Girard et al. (1996).
1 Uthayakum ar et al. (1996). 
m Northfelt et al. (1997).
" Muggia et al. (1997).
° Ranson et al. (1997). 
p Amantea e t al. (1997). 
g Stewart et al. (1998). 
r Northfelt et al. (1998).
8 Harris e t al. (1998).
1 Valero et al. (1999).

í
&

(ü

patient compliance w ith  the liposomal drug. S im ila r to 
patients receiving daunorubicin (G ilí et al., 1996), pa­
tients receiving Doxil developed more opportunistic in- 
fections than those receiving the standard chemother­
apy regimens (Stewart et al., 1998). The toxicological 
advantages are described in  more detail in  VI. Toxicol­
ogy of Liposomal Chemotherapy.

DaunoXome was also compared w ith  the ABV regi- 
men in  a large randomized tr ia l (232 patients; G ilí et al.,
1996). DaunoXome (40 mg/m2) was found to have an 
overall response rate o f 25 compared w ith  28% for the 
ABV arm (10 mg/m2:15 U:1 mg) and an almost identical 
response duration (175 versus 168 days). Although 
DaunoXome did not appear to have any advantage over 
the ABV regimen in  terms o f response rate, patients 
receiving DaunoXome experienced less alopecia (8 ver­
sus 36%) and neuropathy (13 versus 41%) but a s ligh tly

greater incidence o f opportunistic infections. O ther d if­
ferences in  toxicities observed were not s ta tis tica lly  sig­
nificant.

An ind irect comparison of D oxil and DaunoXome sug­
gests th a t Doxil is sign ificantly more active against Ka­
posi’s sarcoma than DaunoXome. Although DaunoXome 
is comparable in  response rate to the ABV regimen, 
D oxil shows a considerable increase in  response rate 
compared w ith  both ABV and BV regimens. The re­
sponse duration was shorter for the D oxil study com­
pleted by Stewart et al. (1998). However, the duration of 
response was like ly  underestimated due to the inclusión 
o f stable disease as an endpoint for response and the 
restriction in  th is study o f a máximum number o f six 
cycles o f drug therapy (Bennett et al., 1998). Toxicities 
also appeared to favor Doxil over DaunoXome. This is 
not surprising, considering the DaunoXome dose was
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twice th a t o f Doxil (40 versus 20 mg/m2) and injections 
(every 2 weeks versus every 3 weeks) o f daunorubicin 
were given at a higher frequency. In  the treatm ent o f 
Kaposi’s sarcoma a t least, SSLs appear to be fa r more 
efficient drug-delivery vehicles than CLs. Although DOX 
and DaunoXome are very sim ila r in  mechanism o f ac- 
tion, pharmacokinetic parameters, and toxicological pro- 
files, the difference in  the encapsulated drug precludes 
us from  m aking any defin itivo statements conceming 
the superiority of SSLs based on these observations. In  
addition, the weak immune system and increased sus- 
cep tib ility  to opportunistic infections of AIDS patients 
prevent escalation o f the daunorubicin dose to dosages 
tha t may allow for longer circulation lifetim es of CLs.

B. Treatment of Breast and Ovarían Carcinomas
L-DOX was suggested to have greater activ ity  against 

breast and ovarían cancers, which are typ ica lly only 
moderately sensitive to DOX, due to the enhanced tum or 
accumulation of the drug. In  patients w ith  advanced 
ovarían cáncer, who were refractory toward paclitaxel- 
and platinum-based regimens, Doxil was shown to have 
a response rate o f 25.7% and a response duration o f 180 
days (Table 9; Muggia et al., 1997). This favorable re­
sponse rate was sign ificantly greater than tha t for free 
DOX in  s im ila r patients (<10%; Young et al., 1981), and 
there were fewer problems w ith  patient compliance due 
to reduced toxicities (Alberts and Garda, 1997).

Two studies have been completed w ith  SSL DOX 
(Doxil) and CL DOX (TLC D-99) in  m etastatic breast 
cáncer patients (Table 9; Ranson et al., 1997; H arris et 
al., 1998). Response rates were sim ila r in  the two studies 
(31% for D oxil and 33% for TLC D-99). The response rate 
of free DOX was 29% in  the randomized phase I I I  study 
comparing TLC D-99 and free DOX (both at 75 mg/m2). 
This response rate for free DOX was sim ila r to tha t 
described previously in  sim ila r patients (Young et al., 
1981). I t  w ill be interesting to do a more detailed com- 
paríson of D oxil and TLC D-99 when the fu ll results 
from the clin ical triá is  w ith  TLC D-99 are published. 
Pharmacokinetic and tum or accumulation consider- 
ations would theoretically favor Doxil. However, TLC 
D-99 is adm inistered at a dose o f 75 mg/m2 compared 
w ith  45 mg/m2 for Doxil (both are adm inistered every 3 
weeks). Thus, the higher dose and increased rate of drug 
release from the carrier a t the tum or may contribute to 
its  sim ila r activ ity. The principal reason for the de­
creased dose in  the case o f D oxil is the high incidence of 
hand and foot (H-F) syndrome associated w ith  Doxil at 
elevated doses (60 mg/m2). In  both studies w ith  ovarían 
and breast cancers, H-F syndrome was dose lim itin g  
(Muggia et al., 1997; Ranson et al., 1997). H-F syndrome 
is characterized by dermal lesions on both the palms of 
the hand and soles o f the feet and is also found in  
patients receiving prolonged infusions o f some chemo­
therapeutic agents. This tox ic ity  is described in  more 
detail in  VI. Toxicology of Liposomal Chemotherapy. I f

the severity o f H-F syndrome can be controlled by means 
other than dose reduction, then the adm inistration o f a 
sim ila r dose w ill almost certainly give rise to an en­
hanced therapeutic effect. Mucositis, another significant 
tox ic ity  in  patients treated w ith  D oxil, causing dose 
m odification in  some patients (Muggia et al., 1997; Ran­
son et al., 1997). The plasma AUC of TLC D-99 a t ele­
vated doses (Cowens et al., 1993; Embree et al., 1993) is 
fa r below the plasma AUC o f Doxil at 25 or 50 mg/kg 
DOX (Table 4; Gabizon et al., 1994). These results em- 
phasize the fact tha t the long circulating property of 
SSLs is not the only factor responsible for increased 
levels o f efficacy w ith  liposomal drugs. A  mechanism by 
which DOX is a t least p a rtia lly  released from  the lipo­
some in  the circulation, avoiding the high peak levels o f 
drug responsible for some types o f toxicities, is most 
like ly  responsible for the increased therapeutic effect of 
TLC D-99. Thus, the altered tox ic ity  profile o f TLC D-99 
allows the dose to be escalated to a point a t which the 
efficacy is comparable to Doxil. The long-term  effects of 
th is dose escalation on the cumulative cardiotoxicity o f 
DOX, compared w ith  Doxil, are unknown. However, re­
cent results did show a significant reduction in  the car­
d iotoxicity when TLC D-99 was compared w ith  free DOX 
(B atist et al., 1998). The reader is also referred to other 
reviews on the clin ical activ ity  o f both Doxil (Gabizon, 
1994, 1998; Coukell and Spencer, 1997; Muggia, 1997; 
M artin , 1998) and DaunoXome (Forssen and Ross, 1994; 
Schmidt et al., 1998) for additional analysis o f the clin ­
ical data.

VI. Toxicology of Liposomal Chemotherapy
A. Tolerability of Liposome Components

“Em pty” CLs or SSLs are usually considered nontoxic 
unless administered at very high doses (Storm et al., 
1993; W orking and Dayan, 1996). This is one o f the 
characteristics th a t makes them attractive as a drug 
delivery vehicle and is not surprising because they are 
typ ica lly composed o f natu ra l lip ids and sm all amounts 
of w ell-tolerated synthetic stabilizers (PEG-DSPE). A t 
very high doses (m últip le injections a t a dose o f 2:100 
mg/kg lip id ), liposomes have been shown to resu lt in  an 
im pairm ent o f RES function, hepatomegaly, granulo­
mas, and splenomegaly (A lien et al., 1984, 1987; A lien 
and Smuckler, 1985; Storm et al., 1993). However, these 
effects are usually considered irre levant due to the dose- 
lim itin g  effects of the encapsulated drug. PEG is consid­
ered nontoxic a t the degree o f polym erization (1900- 
5000 Da) used to prepare SSLs and is excreted 
unmetabolized in  the uriñe (Carpenter et al., 1971). 
Toxicity studies completed w ith  PEG-DSPE micelles at 
a concentration 30-fold greater than th a t applied in  a 
standard dose o f SSL DOX demonstrated no deaths or 
clin ica l signs o f toxic ity (W orking and Dayan, 1996). In  
addition, the various types o f toxicities observed w ith  
SSL DOX treatm ent in  animals are consistent w ith

Dow
nloaded 

from 
pharm

rev.aspetjournals.org 
at NIH 

Library 
on 

June 
5, 2013



t i

OPTIMIZATION OF LIPOSOMES FOR DELIVERY OF CHEMOTHERAPEUTIC AGENTS 721

u n

S
w

>

5
w

Ü
O
h-i

O
u

>
a
w

(0

those for free DOX, although at sign ificantly reduced 
levels (W orking and Dayan, 1996). A lthough for SSL 
DOX these results suggest th a t the lip id  components 
have little  i f  any effect on the overall toxic ity profile, the 
picture for CLs is less clear. SSL DOX is typ ica lly ad­
m inistered at a to ta l lip id  dose o f 8 to 54 mg/kg (1 -6  
mg/kg DOX) in  rats or mice, w ith  subsequent injections 
occurring between 3 days and 4 weeks. However, using 
CL a number o f recent studies have used a single bolus 
injection o f 100 to 300 mg/kg to ta l lip id  and 20 to 55 
mg/kg DOX (Mayer et al., 1989, 1997; Parr et al., 1997). 
One o f these studies showed m inim al improvements in  
therapeutic efficacy over free DOX (Mayer et al., 1997). 
I f  m últip le  injections are to be used, then the toxic ity of 
the lip id  component may eventually become im portant; 
th is  w ill require fu rthe r study.

In  addition, an increasing lip id  dose has been shown 
to deplete plasma o f various proteins (Sénior, 1987; Oja 
et al., 1996). Both the quantities and types o f protein 
bound to liposomes are dependent on the lip id  composi­
tion (Sénior, 1987; Oja et al., 1996). A lthough the iden- 
t ity  and significance o f a ll the depleted proteins are 
unclear, i t  is possible th a t the ir loss w ill result in  a 
d isruption o f norm al homeostasis. Although toxicities 
related specifically to high lip id  doses m ight prove to be 
relevant in  some situations, in  most instances the toxic­
ity  o f the encapsulated drug is considered to be fa r more 
lim iting .

B. Toxicities Associated with Free Drug
For the treatm ent o f cáncer, liposomal drug delivery 

has p rim arily  involved the use of anthracyclines such as 
DOX or daunorubicin (Gabizon, 1994; Papahadjopoulos 
and Gabizon, 1995; M artin , 1998) or Vinca alkaloids 
such as VCR (Vaage et al., 1993b; A lien et al., 1995b; 
Webb et al., 1995). A  few studies have chosen alternative 
drugs such as paclitaxel (Sharma et al., 1996, 1997), 
ara-C (A lien et al., 1992), methotrexate (M atthay et al., 
1989; Jones and Hudson, 1993), or cisplatin derivatives 
(Perez-Soler et al., 1990; M orí et al., 1996), but preclin- 
ical toxicological results w ith  these drugs are lim ited at 
the present tim e. Because the tox ic ity  profile o f a lipo­
somal drug is p rim a rily  dependent on the encapsulated 
drug rather than the lip ids, i t  is firs t im portant to un- 
derstand the toxicities associated w ith  the free drug. 
W ith  free DOX, myelosuppression is considered dose 
lim itin g  (Legha et al., 1987; Speth et al., 1988; Doro­
shaw, 1996). However, the therapy-lim iting  tox ic ity  is 
considered to be cardiotoxicity and results a fter a high 
cum ulative dose o f the drug (Von H off et al., 1979; Do­
roshaw, 1996). H igh peak levels o f DOX in  the plasma 
have been shown to correlate w ith  an increased risk  of 
cardiac toxicity. When delivered by bolus injection, the 
most commonly used to ta l cum ulative dose o f DOX is 
450 to 500 mg/m2, where the risk  of cardiac tox ic ity  is 
between 1 and 10% (Doroshaw, 1996). There is s ign ifi­
cant evidence tha t DOX delivered by continuous in fu-

sion displays sim ila r efficacy bu t reduced toxicity, w ith  
cumulative doses up to 1100 mg/m2 delivered w ithout 
signs of cardiac toxic ity (Legha et al., 1987; Hortobagyi 
et al., 1989). A lthough drug-induced congestive heart 
fa ilu re  is the most significant concern due to its  very 
poor prognosis, i t  is le tha l in  60% of patients (Von H off 
et al., 1979); there are several other im portant toxicities 
associated w ith  anthracyclines.

DOX-induced myelosuppression and alopecia are also 
delayed toxicities but are independent o f the rate of drug 
adm inistration (Speth et al., 1988; Doroshaw, 1996). 
Recent work has shown th a t myelosuppression can be 
p a rtia lly  combated w ith  the use of colony-stim ulating 
factors (granulocyte-CSF and granulocyte-macrophage- 
CSF), which stim ulate activation and pro liferation of 
hematopoietic cells (Vose and Arm itage, 1995; Petros 
and Peters, 1996; Henry, 1997; Lieschke et al., 1997; 
Nem unaitis, 1997; Clemons et al., 1998). These growth 
factors are currently being used to allow dose in tens ifi­
caron of conventional chemotherapy by effectively re- 
ducing one o f the most common dose-lim iting toxicities. 
Another tox ic ity  associated w ith  anthracyclines is a se- 
vere necrosis o f the skin adjacent to the site o f injection 
due to injection related drug extravasation (Von H o ff et 
al., 1979; Doroshaw, 1996). The resulting lesions are 
d ifficu lt to treat, and extreme care should be taken to 
prevent infection at these sites. Nausea, vom iting, and 
mucositis, including gastrointestinal tox ic ity  and stoma- 
titis , are additional toxicities resulting from  chemother­
apy w ith  anthracyclines (Speth et al., 1988; Doroshaw,
1996). F ina lly, H-F syndrome, which is characterized by 
severe dermal lesions on the soles of the feet and the 
palms of the hand, is seen in  patients receiving long- 
term  continuous infusions of free DOX (Lokich and 
Moore, 1984; Vogelzang and Ratain, 1985). As discussed 
in  Effect of Liposome Encapsulation on Toxicity Profile, 
although encapsulation o f anthracyclines in  liposomes 
does not a lte r the types o f toxicities observed, the sever­
ity  can be significantly reduced due to the resulting 
alterations in  the pharmacokinetics and tissue d is tribu ­
tion  o f the drug. In  addition to these alterations, toxic ity 
buffering is also a result o f the re la tive ly slow release of 
the DOX from the liposome, giving rise to re la tive ly low 
peak levels of the free drug in  the circulation.

C. Effect o f Liposome Encapsulation on Toxicity Profile
1. Cardiotoxicity. The tox ic ity  profile for L-DOX is 

altered due to the changes in  pharmacokinetics de­
scribed previously in  II. Pharmacokinetics and Biodis­
tribution o f Liposomes and Liposomal Drug. Drug en­
capsulation in  either SSLs or CLs elim inated or 
sign ificantly reduced the amount of cardiotoxicity com­
pared w ith  the free drug (Table 10; Olson et al., 1982; 
Hermán et al., 1983; Balazsovits et al., 1989; W orking 
and Dayan, 1996; W orking et al., 1999). This is thought 
to be due to the in a b ility  o f liposomes to cross the endo­
th e lia l cell barrie r in  the heart and the low bioavailabil-
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TABLE 10 
Toxicities associated with free and L-DOX

Toxicity Effect of Liposome 
Encapsulation

Cardiac toxicity Reduced or not observed
Myelosuppression Reduced (to a greater

extent with SSLs)
Mucositis Slightly increased with

Doxil
Alopecia Reduced or not observed
Severe local tissue necrosis Reduced

after drug extravasation
Nausea and vomiting Reduced or not observed
H-F syndrome Observed with Doxil or

with continuous infusión
of free DOX

ity  o f the free drug due to its  encapsulation in  liposomes 
(Gabizon, 1994, 1997). Indeed, in  tissue sections of car­
diac muscle, liposomes are found exclusively in  the blood 
vessels and not in  the muscle fibers (W orking et al.,
1994), suggesting tha t most o f the drug is not bioavail­
able in  the myocardium. A  comparison of cardiotoxicity 
in  beagle dogs showed a higher incidence o f cardiomy- 
opathy and vacuolization o f cardiac muscle fibers when 
administered as the free drug compared w ith  TLC D-99, 
confirm ing a protective effect o f liposomal encapsulation 
on cardiotoxicity (Kanter et al., 1993). A  s im ila r cardio- 
protective effect was seen w ith  SSL DOX in  both rabbits 
and beagle dogs (W orking and Dayan, 1996; W orking et 
al., 1999). Compared w ith  the considerable damage ob­
served to the myocardium o f beagle dogs treated w ith  
free DOX (cum ulative dose o f 10 mg/kg), no histiological 
indication o f cardiotoxicity was seen when treated w ith  
the same cumulative dose o f SSL DOX (W orking et al.,
1999).

C lin ica l data are lim ited  due to the re la tive ly low 
cum ulative dose o f DOX delivered in  most studies. In  
one phase I  study, four patients received a to ta l cumu­
la tive  dose of >500 mg/m2. There was no clin ical cardio­
tox ic ity  or decrease in  the resting le ft ventricu lar ejec­
tion  fraction in  any o f these patients (Casper et al.,
1997). In  a recent study w ith  TLC D-99 for the trea t­
ment o f m etastatic breast cáncer (75 mg/m2 every 3 
weeks), 16% o f patients on TLC D-99 had a cardiac event 
(either a problem w ith  the electrocardiogram or a de- 
crease in  le ft ventricu lar ejection fraction), but there 
were no instances o f congestive heart fa ilure, compared 
w ith  25% o f patients w ith  cardiac events and three in ­
stances o f congestive heart fa ilu re  for patients receiving 
free DOX (B atist et al., 1998). A lthough significant com­
pared w ith  free DOX, th is  reduction in  cardiotoxicity is 
not as great as expected for stable liposomes th a t show 
reduced drug leakage in  the plasma. Patients w ith  a 
cum ulative dose o f liposomal daunorubicin between 600 
and 1000 mg/m2, including one patient w ith  a cumula­
tive dose o f >1000 mg/m2, showed no evidence o f cardio­
tox ic ity  (G ilí et al., 1995). Recently, endomyocardial b i­
opsy was used to demónstrate significantly less DOX- 
induced cardiac damage in  patients receiving SSL DOX

(cum ulative doses o f 440-840 mg/m2) compared w ith  
two earlier studies w ith  free DOX (cum ulative doses of 
174-671 mg/m2; Berry et al., 1998). In  another study, 
patients receiving 40 to 50 mg/m2 D oxil every 3 to 4 
weeks for the treatm ent o f refractory ovarían cáncer 
showed no decrease in  the le ft ventricu lar ejection frac­
tion  (Muggia et al., 1997); th is  íncluded nine patients 
who received >550 mg/m2. A  sim ila r response was seen 
w ith  breast cáncer patients treated w ith  Doxil (Ranson 
et al., 1997), w ith  only 1 of 71 patients showing a de- 
crease in  the ejection fraction o f >10%. I t  should be 
noted tha t the average administered dose in  th is  fin a l 
study was only 179 mg/m2 (45-399 mg/m2), which is w ell 
below the recommended máximum cum ulative dose for 
free DOX. From these lim ited  studies, i t  appears tha t 
Doxil, TLC D-99, and DaunoXome are s ign ificantly less 
cardiotoxic than the free drugs. However, the data avail­
able thus fa r are unable to indicate conclusively a ben­
e fit for one liposomal form ulation over another. A  more 
thorough study of the cardiotoxicity a t higher cumula­
tive doses is needed to establish a new recommended 
cum ulative dose for liposomal form ulations.

2. Vesicant Properties. The vesicant effect seen w ith  
free DOX is also m arkedly reduced by encapsulation in  
eggPC/Chol- (Balazsovits et al., 1989) or HSPC- (Gabi­
zon et al., 1993; Oussoren et al., 1998) containing lipo­
somes. Mice injected s.c. w ith  free DOX showed severe 
necrosis, acanthosis, edema, and inflam m atory in filtra - 
tion  when free DOX was injected, whereas only a m ild 
edema and inflam m atory in filtra tio n  were observed 
w ith  SSL DOX (Gabizon et al., 1993). This suggests 
liposomes are able to effectively protect the skin from  
vesicant damage due to DOX u n til the carrier can be 
drained from the injection site by the lym ph and the 
blood.

3. Myelosuppression. The tox ic ity  o f DOX-loaded l i ­
posomes is extremely sensitive to the rate o f drug leak­
age from the liposome in  the circulation, and thus the 
lip id  composition (Mayer et al., 1989; B a lly et al., 1990a; 
Oussoren et al., 1998). Liposomes composed of Chol and 
high-phase transition  phospholipids such as DSPC or 
SM have rig id  membranes and re ta in  the drug w ell in  
the circulation. However, when DSPC is replaced by the 
more flu id  eggPC, DOX is able to more readily trans- 
verse the membrane and be released in to  the general 
circulation (Hwang, 1987; Mayer et al., 1989; Gabizon et 
al., 1993). The free drug is generally considered respon­
sible for most types of toxicity. Indeed, the calculated 
LD50 decreased almost 3-fold from 161 to 57 mg/kg DOX 
when going from  DSPC/Chol (55:45) to eggPC/Chol (55: 
45) liposomes (Mayer et al., 1989). I t  should be noted, 
however, tha t the LD50 fo r eggPC/Chol (55:45) liposomes 
was s till greater than two times th a t for free DOX, 
indicating th a t even encapsulation in  “leaky” liposomes 
provídes some degree of tox ic ity  buffering. The effect o f 
DOX on myelosuppression was also greater when encap­
sulated in  eggPC/Chol liposomes compared w ith  in
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DSPC/Chol liposomes (B ally et al., 1990a). The decrease 
and recovery in  the number of bone marrow cells (90% 
reduction on day 3) and in  spleen weight were sim ila r for 
free DOX and DOX-loaded eggPC/Chol liposomes (100 
nm) administered at a dose of 20 mg/kg. DOX-loaded 
DSPC/Chol liposomes depressed the number o f bone 
marrow cells by only 40% and were around norm al levels 
on day 7. The effect on spleen weight was less severe, 
causing a 23% reduction on day 1 th a t retum ed to nor­
mal by day 14, compared w ith  a 50% reduction for free 
DOX or DOX-loaded eggPC/Chol liposomes. An unusual 
fínding was th a t DOX-loaded DSPC/Chol liposomes 
caused extended reductions in  peripheral w hite blood 
cell counts (leukopenia) tha t were ~50% below in itia l 
valúes on day 14, a tim e at which mice treated w ith  
eggPC/Chol L-DOX had nearly returned to normal. 
From th is  study, eggPC/Chol L-DOX showed little  im ­
provement over free DOX in  terms of myelosuppression. 
A s im ila r study in  dogs showed th a t free drug and TLC 
D-99 resulted in  sim ila r levels o f myelosuppression 
(Kanter et al., 1993). This translated in to  the clin ic 
where neutropenia and leukopenia were the most com­
mon adverse effects for both DaunoXome and TLC D-99 
(Conley et al., 1993; G ilí et al., 1996) and was dose 
lim itin g  for TLC D-99 (Conley et al., 1993; Cowens et al., 
1993; Casper et al., 1997). Myelosuppression could be 
p a rtia lly  controlled by the addition o f colony-stim ulating 
factors for bone marrow support (Casper et al., 1997).

4. Nausea, Vomiting, and Alopecia. Alopecia, mu­
cositis, nausea, and vom iting were observed at a ll doses 
(75-105 mg/m2) o f TLC D-99 (Casper et al., 1997) but 
were less severe than free DOX when compared at a dose 
of 75 mg/m2 (H arris et al., 1998). Although grade 3 and 
4 alopecia, nausea, and vom iting were observed for 
DaunoXome delivered at 40 mg/m2 every 2 weeks, i t  was 
usually <2 to 3%. Alopecia, nausea, and vom iting was 
rare in  patients treated w ith  D oxil a t a concentration of 
45 to 60 mg/m2 (Muggia et al., 1997; Ranson et al., 1997). 
Myelosuppression was m ild, occurring in  most cycles at 
a grade o f 2 or less (Ranson et al., 1997). Toxicity bene- 
fits  were also observed in  patients treated for AIDS- 
related Kaposi’s sarcoma, where the combination o f free 
Adriam ycin, bleomycin, and VCR produced more in ­
stances and greater severity o f most toxicities than Doxil 
(N orth fe lt et al., 1998).

5. Hand and Foot Syndrome (Palmar-Plantar Eryth- 
rodysesthesia Syndrome). One o f the most significant 
toxicities for SSL DOX is a condition consisting o f der­
m al lesions referred to as H-F syndrome) (Gordon et al., 
1995; Uziely et al., 1995; Amantea et al., 1999). This 
same condition was previously described in  patients re­
ceiving long continuous infusions o f 5-fluorouracil, DOX, 
or vinorelbine (Lokich and Moore, 1984; Vogelzang and 
Ratain, 1985; H off et al., 1998) but is not observed in  
patients receiving chemotherapy by bolus injection. This 
particu la r toxicity, also called palm ar-plantar erythro- 
dysesthesia syndrome, is most like ly  a toxic effect of

DOX on the rap id ly divid ing keratinocytes. H istological 
sections of the affected areas showed significant hyper- 
keratosis and parakeratosis in  the stratum  comeum of 
the epidermis (Gordon et al., 1995). In te rrup tion  o f che­
motherapy results in  desquamation and reepithelia liza- 
tion  o f the affected areas and was complete w ith in  3 to 7 
weeks after the discontinuation o f treatm ent (Gordon et 
al., 1995; Uziely et al., 1995). Interestingly, when free 
DOX is delivered via continuous infusión, the reversal of 
th is  syndrome was complete w ith in  1 to 2 weeks after 
the discontinuation o f treatm ent (Vogelzang and Ratain, 
1985). There has been little  success in  reversing th is 
tox ic ity  w ithout discontinuation of treatm ent. Discon­
tinua tion  o f treatm ent often leads to relapse o f the cán­
cer (Uziely et al., 1995). One prom ising strategy for the 
treatm ent o f H-F syndrome w ithout in te rrup tion  of 
treatm ent involves the use of the strong reductant 
DHM3, which converts anthracyclines to the inactive 
7-deoxyaglycone (Averbuch et al., 1985, 1986, 1988; 
Dorr, 1990). This agent was studied because o f its  ca- 
pacity to reduce the vesicant effect observed w ith  free 
DOX at the site o f injection, but i t  may be useful in  
treating th is syndrome as well. In  other studies, the oral 
adm inistration o f pyridoxine (vitam in B6) was shown to 
reduce the severity o f H-F syndrome, resulting in  fewer 
delays or discontinuations o f treatm ent (Vukelja et al., 
1989,1993; Fabian et al., 1990; V a il et al., 1998). Topical 
d im ethyl sulfoxide may be another method o f reducing 
skin toxic ity resulting from treatm ent w ith  SSL DOX. I t  
was previously shown to reduce vesicant damage in  pa­
tients administered free DOX (O lver et al., 1988; B erte lli 
et al., 1995). The use o f peripheral vasoconstrictors, such 
as ergotamine, may also potentia lly reduce the severity 
o f H-F syndrome in  patients treated w ith  SSL DOX. 
Ergotamine is presently used in  the treatm ent o f m i- 
graine headaches (Perrin, 1995; S ilberstein, 1997), but 
its  a b ility  to constrict blood vessels in  peripheral tissues 
may restric t blood flow, and thus the accumulation of 
SSL DOX in  the skin o f the hands and feet. The choice 
and subsequent m odification o f the dose in tensity ap­
pear to be the current anecdotal strategy for reducing 
the seriousness of th is  tox ic ity  (Uziely et al., 1995; Ran­
son et al., 1997). The fu rthe r study and use o f com- 
pounds such as DHM3, pyridoxine, ergotamine, and d i­
m ethyl sulfoxide in  combination w ith  SSL DOX w ill 
potentia lly allow for dose intensification and increased 
antitum or efficacy.

I t  is possible tha t liposome-mediated drug delivery 
results in  a slow-release mechanism o f DOX in to  the 
tissues th a t mimics the effect seen w ith  continuous in ­
fusión chemotherapy. Drug delivered by bolus injection 
may satúrate mechanisms responsible for its  uptake by 
the skin, where a m ajority o f the drug can be removed 
from  the circulation by a lternative pathways: a wide 
tissue d istribu tion  and rapid excretion in  the hile. A 
continuous infusión o f free drug or slow release o f DOX 
from  SSL DOX results in  lower peak levels o f the drug in
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the circulation and possibly increased uptake by the 
skin. A ltem ative ly, several studies have shown tha t 
long-circulating liposomes accumulate to a lim ited de­
gree in  skin (Gabizon et al., 1990, 1997), where slow 
release in  the near v ic in ity  o f keratinocytes can give rise 
to th e ir toxicity. Although H-F syndrome is a serious 
concem, the dosage and treatm ent schedule can be ad- 
justed to m inim ize th is  toxic ity and s till m aintain a high 
antitum or efficacy compared w ith  standard chemother­
apy regimens (45 mg/m2 every 3 weeks; Ranson et al.,
1997).

6. Mucositis. Mucositis was also s ligh tly  increased in  
patients treated w ith  SSL DOX (Gabizon et al., 1994; 
Uziely et al., 1995; A lberts and Garda, 1997). L ike H-F 
syndrome, mucositis is increased by prolonged infusión 
of free DOX, so its  increased incidence is not surprising 
(A lberts and Garda, 1997). S tom atitis was dose lim itin g  
at single doses o f >70 mg/m2 in  one study (Uziely et al., 
1995), but a t the doses used presently (45 mg/m2 every 3 
weeks), i t  is m ild. Although most toxicities are greatly 
reduced w ith  SSL DOX, those toxicities norm ally asso­
ciated w ith  prolonged infusions o f the free drug seem to 
m anifest themselves in  SSL DOX, most like ly  as a result 
o f the long circulation lifetim es.

7. Reticuloendothelial System Impairment and Oppor­
tunistic Infections. Despite claims to the contrary 
(Mayer et al., 1998), several studies have shown tha t 
both SSL and CL DOX can im pair the phagocytic activ­
ity  o f live r macrophages (Kupffer cells), as w ell as sig­
n ifican tly  deplete th e ir to ta l numbers in  rats, w ith  the 
use o f c lin ica lly  relevant doses of L-DOX (A lien et al., 
1984; Daemen et al., 1995, 1997). Mayer et al. (1998) 
referenced a dose o f liposomal DOX (2 mg/kg) relevant in  
some studies w ith  SSL DOX but <  10-fold the dose of CL 
DOX used in  studies from th e ir laboratory (Mayer et al., 
1997; Parr et al., 1997). Thus, at c lin ica lly relevant 
concentrations of CL DOX, macrophage tox ic ity  and de- 
pletion do appear to be serious concems. This is not 
surprising because the prim ary route of clearance for 
liposomal DOX o f e ither form  is via splenic or live r 
macrophages (Hwang, 1987; Sénior, 1987), whereas free 
DOX is p rim a rily  excreted in  the bile (Benjamin et al., 
1974; Speth et al., 1988). Thus, th e ir preferentia l accu­
m ulation at these sites m ight be expected to result in  a 
toxic effect. RES im pairm ent is a serious concem, espe­
cia lly in  immunocompromised patients, where i t  is the 
firs t-line  defense against bacterial or fungal infections. 
In  addition to the increased susceptibility to infection 
(Qian et al., 1994), macrophage tox ic ity  has been shown 
to result in  a decreased a b ility  to fig h t m etastatic growth 
(Levy and Wheelock, 1974; Roh et al., 1992; H euff et al., 
1993). A lthough in  theory th is  is a logical concem, there 
are at least two studies th a t suggest tha t L-DOX may 
enhance the efficacy in  the treatm ent o f live r m etastatic 
cells due to its  increased localization in  the live r (Gabi­
zon et al., 1983; Mayhew et al., 1987).

Male Wag/Rij or female R -strain albino rats treated 
w ith  DOX-loaded DSPC/Chol (55:45) liposomes at a dose 
o f 5 mg/kg DOX showed a reduced a b ility  to phagocytose 
unloaded liposomes (70% after a single injection or 90% 
after three injections) or Klebsiella pneumoniae bacteria 
(Daemen et al., 1995). A decrease in  the to ta l number of 
macrophages by 56 or 85% for rats treated w ith  two or 
three injections of L-DOX, respectively, was also ob­
served. Placebo liposomes (25 /¿mol lip id /kg) or free DOX 
(5 mg/kg) had no measurable effect on phagocytic activ­
ity , indicating th is  tox ic ity  was carrier dependent. The 
dose of L-DOX used to produce a therapeutic effect w ith  
DSPC/Chol liposomes has been from  20 to 55 mg/kg 
DOX in  rats (Mayer et al., 1997; Parr et al., 1997), or 4- 
to 11-fold greater than the dose used in  these studies 
(and 10-fold greater than the dose quoted by Mayer et 
al., 1998). The effects a t 20 to 55 mg/kg DOX would be 
expected to be even greater and thus significantly in- 
h ib it RES function in  both live r and spleen. The satura­
ble pharmacokinetics, shown in  II. Pharmacokinetics 
and Biodistribution of Liposomes and Liposomal Drug 
to be responsible for increased circulation lifetim es of 
high concentrations of CLs, results from  a pa rtia l toxic­
ity  to RES macrophages. In  these studies, liposomes of 
identical composition and size, but lacking DOX, had 
more rapid clearance rates, indicating the tox ic ity  was 
due to DOX (Mayer et al., 1998).

Two studies have been carried out w ith  SSL DOX 
(Daemen et al., 1997; Storm et al., 1998). The firs t study 
used doses and schedules sim ila r to those chosen for the 
study w ith  CL DOX mentioned earlier (Daemen et al.,
1997). Male Wag/Rij rats received a single or two or 
three injections, a t 3-day intervals, o f 5 mg/kg SSL DOX. 
The máximum tolerated dose for SSL DOX in  humans is 
60 mg/m2 DOX at 4-week intervals for patients w ith  
Kaposi’s sarcoma (U ziely et al., 1995; Coukell and Spen­
cer, 1997), which translates to ~1.5 mg/kg DOX in  rats.

I t  should be noted th a t the liposomes used in  the 
studies w ith  a CL form ulation were ~200 nm, almost 
tw ice tha t o f optim ized form ulations (Daemen et al.,
1995). The lip id  composition o f a second study, eggPC/ 
Chol/PEG-DSPE (55:45:5), raises questions about the 
b ioavailab ility o f the drug due to the source of phos- 
phatidylcholine chosen (Daemen et al., 1997). A lthough 
these studies suggest macrophage tox ic ity  may be a 
serious concem, due to the size dependence o f clearance 
for CLs (Hwang, 1987; Sénior, 1987) and the increased 
b ioavailab ility o f DOX from egg PC-containing SSL DOX 
(Gabizon et al., 1993), a study comparing the effects of 
optim ized L-DOX form ulations on splenic and live r mac­
rophages tox ic ity  is warranted.

C lin ica lly, CL daunorubicin (DaunoXome) is only in ­
dicated for advanced H lV -related Kaposi’s sarcoma due 
to the short tim e u n til observance o f opportunistic infec­
tions in  treated patients compared w ith  Controls (145 
versus 371 days; W hite, 1997). In  a second case, SSL 
DOX was responsible for one case o f fa ta l hepatic fa ilu re
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in  an AIDS patient w ith  im paired live r function (Hengge 
et al., 1993). Both of these cases suggest th a t tox ic ity  to 
live r macrophages im pairs bacterial or v ira l clearance. 
Although immunocompromised patients represent a 
special class of patients, not necessarily representative 
of the m ajority o f cáncer patients, the injected dose used 
in  these studies was several fold-less than the dose 
needed to obtain the desired RES blockade effect re- 
quired by Mayer et al. (1998). A t these levels, even 
healthy patients may experience live r toxicity. Although 
th is, o f course, is speculative, i t  does suggest the need for 
additional tox ic ity  studies in  animals, specifically look- 
ing at the effect o f L-DOX adm in istraron on RES and 
live r function. These studies may be more inform ative i f  
form ulations were optim ized for size and composition of 
both CL and SSL DOX and at a range of relevant doses.

D. Final Comparisons of Conventional and Sterically 
Stabilized Liposom.es

An additional problem when using CLs is the d iffi- 
cu lty in  predicting the effects o f drug encapsulation on 
the different types of tox ic ity  in  humans based on earlier 
anim al studies. As was mentioned previously, one o f the 
most im portant advantages o f steric stabilization is the 
dose independence provided by th is  particu la r carrier. 
Differences in  serum opsonins between species, and thus 
rates o f uptake by various tissues, may be more radically 
affected by CLs. Differences in  pharmacokinetic param- 
eters and tox ic ity  profiles may d iffe r not only between 
different anim al species but also between different 
strains of the same anim al model. Scid and immunode- 
fic ien t nude mice are commonly used in  antitum or e ffi- 
cacy studies. Scid mice have less efficient scavenging 
systems than norm al mice and deficient DNA repair 
mechanisms. The high concentrations o f L-DOX re- 
quired to m ainta in long circulation times w ith  CLs may 
prove especially toxic to these strains o f mice and pre- 
clude the ir use. Even w ith  SSLs, the dose m ust be scaled 
down sign ificantly (1-2 mg/kg) to prevent significant 
drug-induced toxicities (W illiam s et al., 1993). This is 
possible w ith  the dose-independent pharmacokinetics of 
SSL DOX but may not be possible w ith  CL L-DOX.

The toxicology studies reviewed here show tha t lipo- 
some encapsulation offers significant protection against 
many common toxicities o f anticancer drugs (Table 10). 
The degree of protection is higher when the liposomes 
leak th e ir contents less readily. H-F syndrome and mu- 
cositis appear to be the most significant obstacle pre- 
venting dose escalation o f the long-circulating Doxíl. In  
animals, the dose o f DOX being used in  CLs (20 mg/kg) 
is between 3 and 20 tim es tha t being used w ith  SSLs 
(1 -6  mg/kg). A lthough some nonspecific toxicities may 
be s ligh tly  reduced for CL DOX (DSPC/Chol) compared 
w ith  SSL DOX, DOX is un like ly  to be tolerated at even 
three times the dose o f SSL DOX in  humans. The result- 
ing increased levels o f tox ic ity  observed at the doses 
required to obtain long circulation w ill like ly  prevent

the ir use in  multidose regimens at these concentrations. 
I t  is unknown whether the drug-induced RES blockade 
required to obtain long circulation times w ill be main- 
tained a t schedules requiring lower doses and m últip le  
injections.

In  any event, independent o f the liposome form ula- 
tion, entrapm ent o f DOX inside liposomes significantly 
alters the tox ic ity  profile o f DOX. This altered profile 
makes the liposomal drugs more tolerable, preventing 
patients from  leaving treatm ents due to unbearable tox­
icities. Another related issue is the increased qua lity  o f 
life . Although alopecia, nausea, and vom iting are severe 
w ith  many standard chemotherapeutic agents, they are 
rare or sign ificantly reduced among patients treated 
w ith  L-DOX. The tox ic ity  buffering provided by lipo­
somes is a considerable improvement in  its e lf over stan­
dard chemotherapy.

VIL Stability in Plasma and Storage

The stab ility  o f drug-loaded liposomes over tim e is an 
im portant concern in  pharmaceutical form ulations. Sta­
b ility  can refer to several d ifferent aspects o f a liposomal 
drug form ulation: chemical s tab ility  o f both drug and 
lip id  components, colloidal s tab ility , and drug retention. 
For applications o f liposomes where specific delivery o f 
liposome-associated drug to solid tumors is desired, l i ­
posomes m ust substantia lly re ta in  th e ir contents while 
in  the circulation (Sénior, 1987). In  other applications, 
such as the delivery of photosensitizers to tumors in  
photodynamic therapy, liposome-associated photosensi­
tizers im m ediately red istribute to other hydrophobic 
sites, such as plasma lipoproteins in  the circulation, 
which in  tu m  accumulate in  tumors (A llison et al., 1990; 
Reddi, 1997). Various factors can affect the re lative sta- 
b ilitie s  of such preparations in  the presence o f plasma. 
This plasma-induced destabilization is exquisitely sensi- 
tive to the lip id  composition of the liposome. To be more 
attractive for pharmaceutical development, liposomal drug 
formulations also must be stable during prolonged storage. 
Liposomes have either been stored preloaded w ith  DOX, as 
is the case for PEG-coated liposomes, or as “empty” lipo­
somes that are loaded by a pH gradient immediately before 
injection (Madden et al., 1990; Haran et al., 1993; Lasic et 
al., 1995; Cullis et al., 1997). Compositions containing 
more flu id  lip id  components, such as eggPC, require re­
mo te-loading ju s t before injection, due to a high level of 
leakage during storage.

A. Physical Stability o f Liposomal Drug Formulations
For am phipathic drugs th a t can readily cross mem- 

branes, there are a varie ty of factors th a t can influence 
the s tab ility  o f a liposomal form ulation. The presence o f 
Chol and saturated phospholipids appear to be the most 
im portant factors for reducing membrane perm eability 
o f these drugs (Rally et al., 1990b; Gabizon et al., 1993). 
O ther factors, such as the drug-loading method, which
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can result in  in tem al concentrations of the drug exceed- 
ing the aqueous so lub ility  o f the free drug, also act to 
stabilize the form ulation.

Cholesterol appears to be especially im portant in  sta­
b iliza tion  o f liposomes to the effects o f plasma compo­
nents such as HDL (Mayhew et al., 1979; A lien and 
Cleland, 1980). In  addition, several early studies have 
indicated th a t Chol was essential for controlling the 
perm eability properties of membranes to ions or small 
molecules (Papahadjopoulos et al., 1972, 1973a,b). The 
presence o f Chol in  a 1:1 ra tio  w ith  PG and PC was 
shown to reduce the amount o f ara-C leakage observed 
in  the presence of serum from 88 to 28% after 24 h in  one 
study (Mayhew et al., 1979). HDL has been shown to 
destabilize puré PC liposomes by catalyzing the net ex- 
change o f PC from liposomes to HDL particles (Scherp- 
hof et al., 1978; Chobanian et al., 1979; Damen et al., 
1980). The addition o f Chol to liposome form ulations 
results in  an increase in  plasma stab ility , inh ib iting  
transfer o f lip id  components to plasma lipoproteins 
(A lien, 1981; Damen et al., 1981).

In  v itro  s tab ility  studies using human plasma or se­
rum  have some inherent lim ita tions. Plasma is often 
isolated in  the presence o f calcium chelators to prevent 
blood coagulation and results in  some uncertainty be- 
cause calcium can often modulate interactions of pro- 
teins w ith  membrane surfaces and, w ith  some form ula­
tions, in teract w ith  membranes directly, causing 
destabilization. A lthough plasma can be isolated in  the 
presence of heparin, heparin may also affect protein 
interactions w ith  membranes. In  addition, there is con­
siderable in te rpa tien t va ria b ility  in  the levels o f plasma 
proteins and lipoproteins, adding another level o f com- 
p lexity to these in  v itro  studies. The most relevant stud­
ies of liposome s tab ility  are completed in  vivo, sim ulta- 
neously m onitoring the concentrations o f both the 
encapsulated drug and a nonexchangeable lip id  marker. 
W ith  chemotherapeutic drugs, such as DOX, tha t are 
removed rap id ly from  the circulation, the drug/lip id  ra­
tio  becomes an excellent measure of the s tab ility  of the 
form ulation. Measurement o f free and L-DOX after cat­
ión exchange or size-exclusion chromatography is not 
reflective o f liposome s tab ility  because the free drug is 
rap id ly removed from  the circulation, resulting in  an 
underestim ation of the amount o f drug leakage.

The in  vivo leakage o f DOX from  DSPC/Chol (55:45) 
and eggPC/Chol (55:45) was measured in  mice by follow- 
ing the clearance of a lip id  label [3H] cholesterylhexade- 
cyl ether and DOX from  the circulation (Bally et al., 
1990b; Mayer et al., 1998). A lthough the DSPC/Chol 
form ulation proved re la tive ly stable, releasing <10% of 
the encapsulated DOX in  24 h, the eggPC/Chol form u­
la tion  released almost 50% of its  DOX w ith in  1 h and 
-70%  by 4 h. A  PEG-DSPE/HSPC/Chol DOX form ula­
tion  appears to have even greater s tab ility  w ith  little  
apparent leakage in  the firs t 24 h and <10% leakage up 
to 72 h after in jection (Gabizon et al., 1993). I t  should be

noted tha t in  the firs t study, DOX was loaded in to  lipo­
somes by the pH gradient method o f Mayer, C ullis, and 
coworkers, whereas in  the second study, DOX was 
loaded according to the ammonium sulfate method. 
These loading methods are discussed in  more deta il in  
VIIA1. Drug-Loading Methods. However, differences in  
the loading methods, including a more rapid dissipation 
o f the pH gradient, in  the case o f firs t method, and the 
form ation of a stable drug-sulfate gel in  the liposome 
in te rio r o f liposomes loaded using the ammonium sul­
fate method (Lasic et al., 1992a, 1995), may resu lt in  
greater s tab ility  for liposomes loaded w ith  DOX via  the 
second method (Frézard, 1994; Frézard et al., 1994). 
Because the kinetics o f tum or accumulation are more 
rapid than the rate o f DOX release from  liposomes 
loaded via either method, i t  is not known whether a 
fu rthe r increase in  s tab ility  is desirable or may sim ply 
act to lim it the b ioava ilab ility  o f the drug in  the tum or. 
Also, for am phipathic compounds such as DOX the 
choice o f a saturated phospholipid component, such as 
DSPC or HSPC, is essential in  m aintaining a stable 
form ulation in  the circulation. The substitu tion o f SM 
for phosphatidylcholine may also increase the liposome 
s tab ility  o f some drug form ulations (Parr et al., 1994; 
Webb et al., 1995). Interm olecular hydrogen bonding 
between the Chol hydroxyl group and the neighboring 
amide nitrogen of SM gives rise to a tig h tly  packed 
bilayer tha t like ly  resists drug permeation (Schmidt et 
al., 1977; Smaby et al., 1996).

1. Drug-Loading Methods. A  diagram depicting the 
ammonium sulfate remote-loading procedure is given in  
Fig. 9 (Haran et al., 1993; Lasic et al., 1995). L ipids are 
typ ica lly hydrated to form  suspensions in  high concen­
tra tions o f ammonium sulfate (250 mM) and subse- 
quently extruded to the desired size. Unencapsulated 
ammonium sulfate is removed (for example using a size- 
exclusion column), and the drug is added to the lipo­
somes. A lthough ammonia can freely pass through mem­
branes in  its  neutra l form , sulfate is trapped in  the 
liposomal lumen. When ammonia moves out o f the lipo­
some going w ith  the concentration gradient, a hydrogen 
ion is le ft behind and a self-sustaining pH gradient is 
formed; DOX moves in  its  neutra l form  in  the opposite 
direction and becomes protonated, eventually form ing 
an insoluble salt w ith  the entrapped sulfate anions. The 
resulting gel helps stabilize the drug in  the in te rio r. The 
cooling tha t occurs a fter the loading step, which is per- 
formed at 55-60°C, also like ly  plays a role in  solid ifying 
the drug precipítate, and thus increasing the s tab ility  o f 
the form ulation. A  pH gradient strategy for loading 
weak bases was reported in itia lly  by Nichols and 
Deamer (1976) and la te r used extensively by C ullis and 
coworkers, w ith  a pH gradient to drive the accumulation 
o f drugs in to  liposomes (Mayer et al., 1985; Madden et 
al., 1990; H arrigan et al., 1993; C ullis et al., 1997). Weak 
acids can be loaded in  an analogous manner using cal­
cium acetate or reverse pH gradients (Clerc and Baren-
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Fio. 9. Ammonium sulfate-loading procedure for weak bases. Lipo­
somes are first prepared in the presence of ammonium sulfate (250 mM). 
On removal of the exterior ammonium sulfate on a size-exclusion column, 
DOX is added to the extraliposomal media. Ammonium sulfate can dis- 
sociate to two ammonium cations and one sulfate anión. Ammonia (NH3) 
is free to cross the liposomal membrane, giving rise to a pH gradient 
across the membrane. DOX in its uncharged form can then cross the 
liposome membrane and form an insoluble gel under acidic conditions 
with the remaining sulfate anión on cooling, effectively trapping it in the 
liposomal interior. The concentration of DOX in the liposomal lumen can 
reach concentrations in excess of the aqueous solubility of DOX. This 
loading procedure can be applied to a variety of weak bases, such as those 
composing the anthracyclines. Vinca alkaloidsm or camphothecins. How­
ever, the stability of the complex formed with sulfate and thus the gel in 
the liposomal lumen may help determine the overall stability of the 
formulation.

holz, 1995; C ullis et al., 1997). These gradients also help 
stabilize form ulations and reduce leakage during stor­
age and w hile in  the circulation. The sm all difíerence 
between DSPC/Chol (55:45) and HSPC/ChoVPEG-DSPE 
(92.5:70:7.5) in  the observed amount o f in  vivo DOX 
leakage is possibly due to differences in  the remóte load­
ing procedure (Gabizon et al., 1993; Mayer et al., 1998). 
Most studies w ith  SSLs typ ica lly use ammonium sulfate 
gradients to entrap am phiphatic basic amines such as 
DOX, whereas studies using CLs prefer the pH gradient 
method (Madden et al., 1990; Haran et al., 1993; Lasic et 
al., 1995; C ullis et al., 1997).

2. Physical Stability of Liposome Formulations with 
Nonanthracyclines. An excellent review recently de- 
scribed the relationship of drug structure and physical 
properties o f the liposomal membrane to drug-loading 
efficiencies and the s tab ility  o f liposome-drug form ula­
tions (Barenholz, 1998). The drugs described thus fa r 
are considered membrane active, meaning they are am­
phipathic in  nature and able to insert in to  and trans­
verso both a rtific ia l and biological membranes. O ther 
drugs, such as iV-(phosphonoacetyl)-L-aspartate, have a 
more polar character and are unable to freely transverse 
membranes (Heath and Brown, 1989). Stable liposome 
form ulations w ith  such drugs can include monounsatu-

rated or polyunsaturated phospholipid components tha t 
were previously considered undesirable w ith  drugs such 
as DOX or VCR. However, although i t  becomes easier to 
prepare stable form ulations w ith  h igh ly water-soluble 
drugs, i t  also becomes more d ifficu lt to release the drug 
from the carrier at the tum or site where i t  can e lic it its  
desired response. This aspect in  investigated in  more 
detail in  VIII. Accumulation of Liposomal Drugs in Tu­
mors. An additional concern w ith  h igh ly water-soluble 
drugs is how to entrap them at very high efficiencies in  
liposomal carriers. Methods for entrapping amphipathic 
drugs using a pH gradient or ammonium sulfate gradi­
ent are dependent on the pa rtition  coefficient o f the drug 
between the aqueous phase and the liposomal mem­
brane (Lasic et al., 1995; C ullis et al., 1997). Am phi­
pathic drugs th a t pa rtition  to a greater extent in  the 
liposomal membrane are more readily entrapped in  the 
liposomal in te rio r. H igh ly water-soluble drugs are like ly  
to be loaded only by passive encapsulation, which is 
lim ited  by the entrapped volume, and w ith  100-nm ves- 
icles rare ly exceeds 95% o f the to ta l volume (Szoka and 
Papahadjopoulos, 1978; Mayer et al., 1985).

I t  should be emphasized tha t results obtained w ith  
DOX cannot necessarily be extrapolated to other drugs, 
even those sim ila r in  chemical structure. For example, 
VCR-loaded liposomes loaded by the pH gradient 
method are significantly less stable in  the circulation, 
losing —85% o f the encapsulated drug in  a 24-h period 
(Mayer et al., 1998). Apparent rates of e lim ination of 
VCR and ara-C are also affected by membrane s tab ility  
(Mayhew et al., 1979; Webb et al., 1995). When SM and 
Chol are included in  these form ulations to reduce leak­
age o f the drug, the drug shows higher plasma levels and 
reduced rates of e lim ination from  the circulation.

The presence of PEG-DSPE may decrease the s tab ility  
o f some liposomal drug form ulations (Webb et al., 1995,
1998). SM/Chol liposomes containing entrapped VCR 
were shown to rapid ly leak VCR in  the circulation in  the 
presence o f PEG-DSPE. We have observed reduced load­
ing o f vinorelbine, another Vinca alkaloid, at high mol% 
valué o f PEG-DSPE (5 -6  mol%; K irpo tin  et al., 1999a). 
However, reducing the concentration of PEG-DSPE to 3 
mol% significantly increased the loading efficiency. 
Thus, the s tab ility  dilemma observed w ith  some drugs in  
the presence o f PEG-DSPE may be overcome by sim ply 
reducing the concentration o f PEG-DSPE, but the effect 
o f reducing the concentration o f PEG-DSPE has on the 
pharmacokinetics of the liposome remains to be seen. A 
simple increase in  the molecular weight o f PEG used 
from 2000 to 5000 may resu lt in  a sim ila r degree of 
protection to tha t observed w ith  the lower molecular 
w eight PEG at a higher mol% valué. A ltem ative ly, 
Mayer and coworkers suggested the s ta b ility  problem is 
a consequence o f the negative charge found at the mem­
brane interface w ith  PEG-DSPE (Webb et al., 1998). The 
exchange o f PEG-DSPE for a neutra l PEG-ceramide con-
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jugate resulted in  greater s tab ility  of liposomal VCR 
preparation.

3. Drug!Lipid Ratio. An optim al drug/lip id ra tio  is 
known to be im portant in  the development o f a stable 
form ulation. The drug/lip id  ra tio  should be as high as 
possible to maximize the payload o f drug reaching the 
tum or w ithout compromising stab ility . The máximum 
amount of drug loaded per liposome is dependent on the 
method used for drug loading, the size of the liposome, 
and the presence of trapping components such as acidic 
lip ids to which the drug can bind. Because the la tte r two 
factors are trad itiona lly  associated w ith  negative effects 
on pharmacokinetic parameters, the drug-loading 
method is the most readily adjustable. For passive en­
capsulation o f daunorubicin in  CLs, the concentration 
achieved was 0.079 jug drug//xg lip id . For remóte loading 
via a simple pH gradient, the most effective concentra­
tion  reached was 0.250 fig drug//xg lip id , and for remote- 
loading using an ammonium sulfate gradient, i t  was 
0.125 /xg drug/jtig lip id  (Table 1). D rug/lip id  ratios tha t 
are too high can also form  less stable form ulations, pre- 
sumably due to the dissipation of the pH gradient during 
drug loading (Mayer et al., 1990c, 1993). These results 
emphasize the care needed in  optim ization o f drug-load­
ing methods to prepare stable liposomes and at the same 
tim e maximize encapsulation efficiencies.

4. Osmolarity Effects. Several studies have investi­
gated the role of osm olarity on the development o f stable 
liposomal drug form ulations (A lien et al., 1992, 1995b; 
M ui et al., 1993, 1994). A lien et al. (1992) showed tha t 
entrapped ara-C was released more rap id ly when en­
trapped under hyperosmotic conditions, and its  release 
was characterized by in itia lly  rapid kinetics, followed by 
a slower second rate of leakage. This is consistent w ith  
the work o f Madden and coworkers, who showed tha t 
osmotic lysis results in  only pa rtia l release o f liposomal 
contents and th a t a fter resealing o f the liposome mem­
brane, the liposomal lumen remains hyperosmotic (M ui 
et al., 1993, 1994). VCR-loaded SSLs loaded using an 
ammonium citrate gradient were re la tive ly stable (leak­
age T j/2 = 84 h) when loaded under iso-osmotic condi­
tions (125 mM ammonium citrate; A lien et al., 1995). In  
contrast, 90% o f the encapsulated VCR was released 
after 24 h from  DSPC/Chol liposomes loaded via the pH 
gradient method under hyperosmotic conditions (400 
mM sodium citrate; Boman et al., 1994). A  fine balance 
may exist between the osmotic s tab ility  o f the liposome, 
residual pH gradients after loading, and the form ation of 
drug precipitates in  the liposomal lumen. For the pH 
gradient drug-loading method, a high buffer capacity is 
typ ica lly required in  the intravesicular médium to m ain­
ta in  a reasonable pH gradient and obtain high amounts 
of drug loading (Mayer et al., 1990c; Boman et al., 1993; 
C ullis et al., 1997). H igh concentrations of DOX form 
gel-like precipitates w ith  low osmotic activ ity  (Lasic et 
al., 1992a; Haran et al., 1993). For example, DOX loaded 
in to  PEG-DSPE/DSPC/Chol or DSPC/Chol liposomes,

using e ither the pH (400 mM sodium citrate) or ammo­
nium  sulfate (250 mM ammonium sulfate) gradient 
method, is stably encapsulated in  the presence of 
plasma. However, other drugs th a t form  less stable com­
plexos or gels may s till have a considerable osmotic 
gradient, a fte r the drug-loading process, tha t can in ­
crease fu rthe r during drug loading (Boman et al., 1993). 
For instance, both daunorubicin and VCR have a con- 
siderably greater aqueous so lub ility  than DOX (Madden 
et al., 1990), and both leak a t a faster rate than DOX 
(Boman et al., 1993; Haran et al., 1993; Mayer et al.,
1993). O ther factors, such as the p ifa o f titra tab le  groups 
on the drug, a more rapid dissipation of the pH gradient, 
and the a b ility  o f the soluble form  o f the drug to p a rti­
tion  more readily in to  the liposome membrane, as op- 
posed to drug precipitates or crystals, also like ly  play a 
role in  the decreased s tab ility  o f such form ulations re l­
ative to DOX (Madden et al., 1990; Mayer et al., 1993; 
C ullis et al., 1997).

5. Stabilizing against Aggregation. A lthough more 
solid CLs composed o f DSPC and Chol leak drug very 
slowly, they are d ifficu lt to work w ith  due to increased 
flocculation and aggregation over tim e (Crommelin, 
1984; Gamón et al., 1989; Barenholz et al., 1993). Early 
preparations were often stabilized w ith  sm all quantities 
o f negatively charged lip ids such as PG to prevent ag­
gregation from  occurring during storage (Gabizon et al., 
1983, 1986, 1989). However, as was previously dis­
cussed, the presence of certain anionic phospholipids 
increases the rate o f clearance from  the circulation 
(Hwang, 1987; Sénior, 1987). The presence of PEG on 
the surface provides a steric barrie r th a t prevents lipo­
some aggregation. PEG-coated liposomes are stable w ith  
respect to both size and drug-encapsulation over the 
period o f many months to years when stored below the 
phase transition  of the PC component (Haran et al., 
1993; Lasic and Needham, 1995).

B. Chemical Stability of Drugs and Lipid Components
Thus far, we have been p rim a rily  concemed w ith  the 

physical s tab ility  o f liposomal drug form ulations, either 
in  storage or in  the circulation. However, another im ­
portant concern is the chemical s ta b ility  o f both the drug 
and lip id  components (Barenholz et al., 1993). Are the 
drugs and lip id  components compatible w ith  the remóte 
loading techniques used? I f  ligand-mediated targeting 
results in  endocytosis o f the liposome, is the drug stable 
in  the low pH environm ent o f late endosomes and lyso- 
somes or in  the presence of degradative enzymes present 
in  these structures? These are im portant questions tha t 
m ust be answered when designing a liposomal drug 
delivery system. When ara-C-loaded liposomes were ta r- 
geted to cells in  v itro , the uptake and delivery to the 
lysosome resulted in  degradation of the drug (Huang et 
al., 1993). In  contrast, DOX is re la tive ly stable and able 
to escape the harsh conditions of the lysosome in tact 
(Barenholz et al., 1993).
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Many drugs and lip ids are susceptible to base hydro- 
lysis. A  calcium-acetate gradient has been used to load 
am phipathic weak acids into liposomes (Clerc and 
Barenholz, 1995). This method presumably generates a 
very high in te rna l pH. When using th is method, the 
s tab ility  o f the drug must be considered. DOX, pacli- 
taxel, topotecan, and other drugs can be hydrolyzed un­
der basic conditions (Ringel and H orw itz, 1987; Baren­
holz et al., 1993; Burke et al., 1993; Chabner and Longo,
1996). The lactone ring  of topotecan is readily hydro­
lyzed at even neutra l pH, giving rise to serious s tab ility  
concems under basic conditions (Burke et al., 1993; Sub- 
ram anian and M uller, 1995), although entrapm ent in  
liposomes w ith  an acidic in te rio r has been shown to 
stabilize topotecan form ulations (Burke and Gao, 1994). 
F ina lly, the fa tty  acid esters are sensitive to both acid 
and base hydrolysis giving rise to membrane-destabiliz- 
ing lysolipids under certain conditions (Barenholz et al., 
1993; Zuidam et al., 1995). I t  is wise to analyze the lip id  
components of a newly developed liposome form ulation 
by th in-layer chromatography or HPLC to be confident 
in  the chemical s tab ility  o f the lip ids used.

L ip id  peroxidation is another im portant concern for 
unsaturated lip id  components. L ip id  peroxidation can be 
in itia ted  by a varie ty o f d ifferent factors and can lead to 
the form ation of membrane-destabilizing secondary ox- 
idation products such as 4-hydroxynonenal and malon- 
dialdehyde (Frankel, 1987a,b; Barenholz et al., 1993). 
Phospholipids containing diunsaturated fa tty  acyl 
chains such as linoleic, linolenic, or arachidonic acid are 
particu la rly  susceptible to lip id  peroxidation due to the 
ready abstraction o f hydrogen radicals from doubly al- 
ly lic  carbons (Frankel, 1980,1985). Linolenate- and ara- 
chidonate-containing phospholipids are the most like ly  
to form  complex secondary oxidation products th a t are 
pa rticu la rly  damaging to membranes (Frankel, 
1987a,b). This brings up an im portant point conceming 
the use o f unsaturated lip ids. There may be liposomal 
drug delivery scenarios in  which a more flu id  membrane 
is preferred. When the use o f unsaturated lip ids is re­
quired, i t  is the gel-to-liquid crystalline phase transition  
(Tm) th a t is often an excellent predictor o f b ilayer flu id - 
ity . Table 2 gives the prim ary phase transitions for sev­
eral d ifferent phosphatidylcholines. Increasing the acyl 
chain length gives rise to a higher Tm whereas increas­
ing the number o f unsaturations decreases the Tm. 
Thus, a lip id  component w ith  the desired Tm can be 
found by balancing the acyl chain length and the num­
ber o f unsaturations found in  a particu la r phospholipid 
component. eggPC is a w idely used flu id  phase lip id  
component tha t is in  the liqu id  crystalline state a t phys- 
iological temperatures. U nfortunately, i t  also contains a 
high proportion o f fa tty  acyl groups w ith  m últip le  un­
saturations (18% w ith  two oleflns and 3% w ith  four 
olefins), m aking i t  pa rticu la rly  susceptible to oxidation. 
As can be seen from  Table 2, POPC has a comparable Tm 
valué w ith  only one olefín in  one of the two acyl chains.

eggPC was orig ina lly used because i t  was readily avail- 
able and re la tive ly inexpensive. I t  is now being used for 
mostly historie reasons, because most investigators pre­
fer to continué using what is fam ilia r to them in  the 
lite ra tu re . However, improvements in  organic synthetic 
methods for phospholipids have led to the increased 
ava ilab ility  o f synthetic lip ids such as POPC and re­
sulted in  a cost tha t is comparable to the natu ra l prod- 
uct. Combined w ith  an increased chemical s tab ility , 
POPC becomes a fa r more appropriate candidate for use 
as the unsaturated lip id  component o f a liposome form u­
la tion  than eggPC.

The s tab ility  o f a liposomal form ulation is dependent 
on many physical and chemical factors, ranging from the 
ind ividua l drug and lip id  components to the stable en­
capsulation of the drug w ith in  the carrier. A  rigorous 
undertaking is necessary in  developing any new liposo­
mal drug form ulation to ensure these s ta b ility  consider- 
ations are addressed. In  VIII. Bioavailability o f Encap­
sulated Drug, we discuss how to balance s tab ility  in  the 
circulation w ith  release from the carrier on reaching the 
tumor.

VIII. Bioavailability of Encapsulated Drug

I t  is im portant to emphasize th a t most o f the work 
described thus fa r has been concemed w ith  drugs con­
sidered to be membrane active. They are am phipathic in  
nature and able to transverse the b ilayer at a rate de­
pendent on the physical properties o f the membrane, as 
w ell as any ionic or pH gradients across the membrane 
(Madden et al., 1990; Lasic et al., 1995; C ullis et al.,
1997). O ther drugs, such as ara-C, are more water sol­
uble and after a slow release from  the carrier (A lien et 
al., 1992) can be taken up by specific transporters lo- 
cated in  the plasma membrane o f tum or cells, such as 
the nucleoside transporter (Plageman et al., 1978; W iley 
et al., 1982) or the reduced folate carrier (W esterhof et 
al., 1991, 1995; Antony, 1992). The b ioava ilab ility  o f 
such compounds is dependent on how readily they are 
able to escape th e ir liposomal carrier. We define bio­
ava ilab ility  in  the case of liposomal carriers as the 
amount o f free drug th a t is able to escape the confines of 
the carrier and is thus available for red istribu tion to 
neighboring tissues and tum or. A  fine balance is re­
quired to prevent prem aturo leakage in  the circulation, 
and thus nonspecific toxicities, but s till allow for release 
o f the drug on reaching the tum or. For DOX-loaded 
slow-release liposomes (PEG-DSPE/HSPC/Chol or 
DSPC/Chol), the drug is thought to leak very slow ly and 
thus be sim ila r to a slow infusión o f the drug specifically 
near the cancerous cells (Horowitz et al., 1992; Vaage et 
al., 1998). Using scanning confocal fluorescence micros- 
copy to look at s.c. im plants o f a prostate carcinoma 
xenograft, DOX delivered via SSL DOX was shown to 
reside im m ediately adjacent to tum or capillaries and 
venules at early times (1 h; Vaage et al., 1998). A t 24 h.
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DOX had leaked from  the liposome and was found 
w ith in  the tum or in  a pattern indicating difíusion away 
from the capillaries and venules. Free DOX was found 
deep w ith in  the tum or at 1 h but was nearly undetect- 
able at 24 h. This is like ly  due to both elim ination and 
metabolism of the drug, as w ell as fluorescence quench- 
ing after in tercalation o f the drug in to  nucleic acids 
(G ig li et al., 1988). These results indícate th a t DOX does 
become bioavailable on reaching the tum or, where it  
slowly and continuously bombards the nearby cáncer 
cells w ith  low levels of the cytotoxic agent. Thus far, 
most detailed studies have used anthracyclines for de­
live ry studies. Although the antitum or cytotoxicity of 
drugs such as anthracyclines and ara-C are less depen­
dent on peak levels o f the drug, cytotoxicity o f other 
drugs may show a considerably greater dependence on 
peak levels o f the drug, and henee the rate at which the 
drug is released from  its  carrier. Consequently, the se- 
lection of drugs w ith  these properties or the selective 
increase in  the rate of release at the tum or site w ill be 
very im portant in  designing an effective carrier.

A. Release of Doxorubicin in Tumor
The mechanisms responsible for liposome breakdown 

and drug release in  tumors have not been w ell eluci- 
dated. Several potentia l mechanisms have been pro- 
posed, but a ll are h igh ly speculative and little  direct 
evidence has been provided, p rim arily  due to technical 
d ifficu lties associated w ith  m onitoring drug release in  
vivo. Some of the properties o f the tum or m icroenviron- 
ment believed to play a role in  liposome destabilization 
include the s ligh tly  acidic pH found in  in te rs titia l flu ids 
surrounding tumors. Upases released from  dying tum or 
cells, inflam m atory cells present in  response to tum or 
release factors, enzymes, and oxidizing agents (M artin,
1998). In  addition, phagocytic cells residing in  tumors 
could metabolize liposomes and release free DOX, k illin g  
neighboring tum or cells via the bystander effect (Storm 
et al., 1988). The effect o f local in te rs titia l media on DOX 
leakage from  SSL DOX was investigated in  an in  v itro  
study (Gabizon, 1995). A lthough leakage in  plasma was 
re la tive ly slow {T1/2 ~  100 h), liposomes incubated in  the 
presence of flu id  obtained from  pleural m alignant effu- 
sions leaked DOX at a sign ificantly elevated rate. An­
other investigator suggested tha t ammonium sulfate 
used to remóte loaded DOX could also catalyze liposome 
breakdown, although a logical rationale for its  mecha- 
nism was not provided (Lasic, 1993). W ith  SSLs, a cer­
ta in  amount o f PEG-DSPE can be released from the 
liposome over tim e, allow ing liposomes to undergo more 
interactions w ith  neighboring cells and or plasma com­
ponents. F ina lly, i t  may be possible tha t DOX passively 
crosses the liposome membrane and tha t as the DOX- 
sulfate gel is gradually destabilized by loss o f more and 
more drug, the drug release is accelerated. F inding 
methods to selectively destabilize liposomal drug form u­
lations in  the tum or area is a m ajor challenge to the

liposome fie ld, which i f  overcome could lead to substan- 
tia l increases in  drug b ioava ilab ility at the tum or site 
and subsequent increased efficacy.

The release o f DOX from eggPC/Chol liposomes is 
rapid compared w ith  liposomes composed o f HSPC/Chol 
or DSPC/Chol (B ally et al., 1990b; Gabizon et al., 1993). 
eggPC/Chol liposomes release a significant portion of 
th e ir drug before reaching the tum or and thus act as a 
rapid-release system (Harasym et al., 1997), in  contrast 
to the more stable form ulations tha t act as slow-release 
systems and are the focus of th is  review.

B. Active Targeting of Liposomes
Although clearly more beneficial than the use o f free 

DOX, one disadvantage o f SSL DOX or L-DOX is tha t 
cáncer cells deep w ith in  the tum or are not readily 
reached w ith  high concentrations o f drug and are given 
an opportunity to select for drug-resistant cells. One 
strategy for increasing drug b ioava ilab ility  and d istribu- 
tion  w ith in  the tum or has been to target liposomes to 
in terna liz ing receptors. Liposomes have been targeted 
to cells via sm all molecules (Lee and Low, 1994, 1995), 
sugar molecules (Spanjer and Scherphof, 1983; Banerjee 
et al., 1996), serum proteins (Afzelius et al., 1989; Brown 
and S ilvius, 1990; Lundberg et al., 1993), and antibodies 
(Heath et al., 1983; Debs et al., 1987; M atthay et al., 
1989; Maruyama et al., 1990a; A lien et al., 1995c; Lopes 
de Menezes et al., 1998) or antibody fragments (Park et 
al., 1995; K irpo tin  et al., 1997b). Recently, HER2-tar- 
geted immunoliposomes were shown to d istribute w ith in  
solid tumors and not sim ply in  the extracellu lar space 
surrounding the tum or blood vessels (K irpo tin  et al., 
1997a, 1999a; Park et al., 1997). Release o f the drug 
w ith in  the tum or its e lf presumably increases the bio­
ava ilab ility  o f the drug to the m ore-difficult-to-reach 
cells w ith in  the solid tum or mass. Indeed, th is  property 
is most like ly  responsible for the increased therapeutic 
effect observed w ith  these carriers, as there was no 
overall increase in  liposome localization to the tum or 
(Fig. 10).

Active targeting o f pharmaceuticals is often perceived 
as a means o f getting increased amounts of drug in to  the 
diseased site. However, the passive trapping o f lipo­
somes due to a discontinuous tum or m icrovasculature, 
the lack o f a functioning lym phatics, and a high in te r­
s titia l pressure resu lt in  a ra te -lim iting  accumulation o f 
liposomal drug in  solid tumors. I t  is un like ly  tha t active 
targeting to cell surface proteins o f solid tumors th a t are 
not internalized w ill ofier a significant therapeutic ben- 
e fit. When anti-HER2-targeted immunoliposomes are 
prepared w ith  an antibody tha t is not internalized, there 
was no increase in  therapeutic efficacy compared w ith  
nontargeted liposomes (Goren et al., 1996). S im ila r to 
the results seen w ith  the in te rna liz ing  anti-HER2 Fab' 
fragm ent (K irpo tin  et al., 1998; Park et al., 1998a,b), 
there was no increase in  tum or levels o f the targeted 
liposomes compared w ith  nontargeted liposomes (Goren
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Fig . 10. Tissue distribution of anti-HER2 targeted SSLs (□) and non­
targeted SSLs (rhbox) in nude mice with breast cáncer xenografts. Xeno- 
grafts were derived from both HER2-overexpressing (BT-474) and HER2- 
negative (MCF-7) cell lines. The biodistribution was determined at 24 h 
by following 67Ga-labeled liposomes after injection of 1 /¿mol of phospho­
lipid via the tail vein in nude mice. This figure was adapted from Kirpotin 
et al. (1998).

et al., 1996). Vingerhoeds et al. (1996) also failed to show 
increased efficacy o f nonintem alizing immunoliposomes 
targeted against the OA3 antigen present on 90% of 
human ovarían carcinomas. Some investigators have 
even suggested tha t cell surface binding by its e lf may 
serve to lim it the d istribu tion  o f liposomes w ith in  the 
tum or (W einstein et al., 1987; Jain, 1989). A lien et al. 
(1995c) showed tha t SSL DOX was more effective than 
sterica lly stabilized immunoliposomal DOX targeted 
against a carbohydrate epitope on an ovarían cáncer cell 
line grown s.c. in  nude mice. The authors suggested the 
reduced ac tiv ity  may be due in  part to the binding-site 
barrier. However, the circulation Ty2 valúes o f the im ­
munoliposomes in  th is  study were significantly shorter 
than those for the nontargeted SSL, and there was no 
evidence presented showing tha t these liposomes were 
internalized, g iving rise to two alternativo explanations 
for the reduced activ ity. Furtherm ore, th is  study used 
whole antibodies for targeting. In  our studies w ith  the 
anti-HER2 antibody, antibody fragments were used: ei­
ther Fab' or single chain FV fragments (Fig. 11; Park et 
al., 1995, 1998a,b; K irpo tin  et al., 1998; Papahadjopou­
los et al., 1999). In  addition to the advantages associated 
w ith  reduced im m unogenicity o f antibody fragments, 
the reduced avid ity o f the fragments for the ir cell sur-

face targets may serve to reduce the binding-site barrier, 
allow ing a deeper penetration of the carrier w ith in  the 
tum or. A  deeper penetration of antibody fragments com­
pared w ith  fu ll antibodies has been previously a ttrib - 
uted to both the reduced size o f the molecule and a 
reduced avid ity  for its  target (Fujim ori et al., 1989; 
Yokota et al., 1992). This, o f course, is speculation, and 
additional studies must be completed to determine more 
precisely the mechanisms responsible for regulation of 
the tum or penetration of targeted liposomes.

A lien and coworkers have also been successful in  ta r­
geting liposomes to a lung m etastatic cáncer model, 
where cáncer cells trave l through the blood and localize 
in  the lung as sm all tum or colonies (0.5 mm; Ahmad et 
al., 1993; A lien et al., 1995c). An increased localization 
to tum or-bearing lungs was seen w ith  targeted im m u­
noliposomes compared w ith  nontargeted SSL, and th is  
correlated w ith  a significant decrease in  the tum or bur- 
den of mice treated w ith  immunoliposomes (Ahmad et 
al., 1993). Cáncer cells in  th is  m etastatic model d iffe r 
greatly compared w ith  the solid tumors described earlier 
due to th e ir sm all size and the greater accessibility o f 
liposomes to th e ir receptor. This same group has also 
been successful in  targeting liposomes against hemato- 
logical cancers, such as B cell malignancies (A lien et al., 
1995c; Lopes de Menezes et al., 1998), where the tum or 
cells are also more available for binding to targeted 
liposomes. Huang and coworkers have targeted the pul- 
monary endothelium using antibodies directed against 
the lung endothelial protein thrombomodulin (Ma­
ruyama et al., 1990a,b; M orí et al., 1993, 1995). This 
type o f organ-specific targeting allows liposome-associ­
ated drug to be delivered near the site o f tumors located 
in  the lung, where on th e ir disassociation from  the car­
rie r they can act on neighboring tum or cells (M ori et al., 
1995). The greater accessibility o f the receptors in  each 
o f these approaches offers a significant advantage for 
targeted therapies compared w ith  the treatm ent o f solid 
tumors.

The choice of targeting ligand is im portant when de­
signing targeted liposomes. The ligand should be rela­
tive ly  specific for cáncer cells, especially in  contrast to 
cells readily accessible in  the general circulation, where 
many passes may occur before extravasation in to  tu ­
mors. Second, as mentioned, the epitope bound should 
resu lt in  in tem aliza tion  of the liposome. B inding to a 
receptor tha t is known to be endocytosed does not neces- 
sitate endocytosis, especially in  the case o f antibodies or 
antibody fragments (Goren et al., 1996). Ligands, such 
as folate, for internalized receptors usually induce endo­
cytosis, but binding o f a protein or peptide to an unre- 
lated part o f the receptor may sim ply constrain the 
carrier on the membrane surface. An additional problem 
w ith  the attachm ent o f targeting molecules to the sur- 
face o f liposomes is tha t they may increase liposome 
clearance by tissues other than the tum or. For instance, 
early studies indicated antibody-targeted liposomes are
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Fig . 11. Effect of tumor cell targeting on the localization of SSLs in HER2-overexpressing human breast cáncer xenografts (BT-474). A and B, 
nontargeted SSLs. C and D, anti-HER2 SSL. Liposomes labeled with entrapped colloidal gold were injected i.v. into the mice with s.c. xenograft tumors 
(200-300 mm3 in size) a t the dose of 5 mmol of phospholipid/animal. Twenty-four hours later. the tumors were harvested, and liposomes were 
visualized on tumor sections by the silver enhancement method. Liposomes appear as bright dots on the dark field images (B and D) or as black grains 
on the matching bright-field images counterstained with light ll&E (A and C). Nontargeted liposomes are concentrated in the interstitial spaces within 
the cells with characteristic macrophage morphology. HER2-targeted SSL are more uniformly dispersed throughout the tumor tissue and often found 
within tumor cells.

rap id ly removed from  the circulation by macrophages of 
the RES (Debs et al., 1987). This was like ly  due to 
recognition o f the Fe portion of the antibody by Fe re­
ceptors located on the surface o f macrophages (Aragnol 
and Leserman, 1986; Raghavan and Bjorkm an, 1996) or 
by recognition o f noncompatible portions o f the antibody 
by antibodies o f the hum oral immune system. The re- 
cent endeavors w ith  Fab' targeted liposomes do not con- 
ta in  the Fe región o f the antibody and are prepared from 
humanized versions o f the antibody (Park et al., 1995; 
K irpo tin  et al., 1997b). Indeed, these immunoliposomes 
have a nearly identieal tissue d istribu tion  as tha t o f 
nontargeted SSL DOX (Fig. 10). A more in-depth de- 
seription o f these immunoliposomes and the various 
properties necessary for th e ir optim ization is given in 
several recent reviews (K irpo tin  et al., 1997a, 1998; 
Park et al., 1997). There also are many reviews describ- 
ing the methods for preparing and applying other ta r­
geted liposomes (Alien and Moase, 1996; A lien et al., 
1997, 1998; Forssen and W illis , 1998; Park et al..

1998a,b). The most relevant aspect o f targeted liposomes 
is th a t targeting to in te rna liz ing  receptors can poten- 
tia lly  increase the b ioavailab ility o f the drug. I t  can 
accomplish th is  by a ltering the in tra tum ora l d is tribu ­
tion  of the liposome and thus increasing the percentage 
of cells exposed to the drug. This effect has only been 
observed for HER2-targeted immunoliposomes and may 
very w ell d iffe r depending on the targeting ligand.

Liposomes targeted to in te rna liz ing  receptors have 
shown considerably greater tum or cell cytotoxicity both 
in  v itro  and in  vivo (Heath et al., 1983; Huang et al., 
1983; Berinstein et a l., 1987; M atthay et al., 1989; Lee 
and Low, 1995; Park et al., 1995, 1997; Lopes de Men­
ezes et al., 1998). This may be due in  pa rt to an in ­
creased b ioavailab ility a fter transport o f the liposomes 
to  lysosomes, where degradative enzymes can break­
down the liposomal membrane and release the drug. 
Many studies have demonstrated degradation o f both 
lip id  and either encapsulated or bound protein after 
in tem aliza tion  by macrophages (D ijkstra  et al., 1984;
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Storm et al., 1988; Derksen et al., 1988). Increased re­
lease of DOX from  liposomes was observed after uptake 
by peritoneal macrophages, and collected supematants 
were shown to have considerable grow th-inhib itory ac­
tiv ity  (Storm et al., 1988). The degradation rate was 
dependent on the lip id  composition o f the liposomes, 
w ith  liposomes containing high-phase transition  phos­
pholipids (slow release) being degraded more slowly 
than those containing low-phase transition  phospholip­
ids (rapid release; Storm et al., 1988). However, in tra - 
cellu lar processing may vary depending on the cell type 
and may be sign ificantly d ifferent in  tum or cells com­
pared w ith  phagocytes such as macrophages. For exam­
ple, two studies have shown th a t T cells are able to 
process liposome-delivered drugs more rap id ly than B 
cells (Machy et al., 1982; Lopes de Menezes et al., 1998). 
Nevertheless, several other cell types, such as fibro- 
blasts, endothelial cells, and tum or cells, have demon­
strated processing of liposomes or th e ir components af­
te r in tem alization (Straubinger et al., 1983; Je tt et al., 
1985; Trubetskaya et al., 1988; Chu et al., 1990). In te r­
na liza ron  o f liposomal drugs has also been suggested to 
increase efficacy by lim itin g  difíusion of the drug away 
from the cáncer cells (A lien et al., 1998). This is espe­
cia lly  a concern in  the turbu len t environm ent o f the 
general circulation or peritoneal cavity (A lien and 
Moase, 1996). Both o f these factors like ly  play a role in  
the increased efficacy observed w ith  actively targeted 
liposomes. Regardless of the mechanism, targeting to 
in tem aliz ing  receptors appears to increase the growth- 
inh ib ito ry  effects o f some liposomal drugs.

M ethotrexate or other reduced folates are good candi- 
dates for delivery v ia  th is  k ind of targeted approach. 
Due to the re la tive ly low p if5* o f the 2' carboxyl group, 
methotrexate and its  derivativos are not readily proton­
ated and thus cannot passively transverse a rtific ia l or 
biological membranes. The result o f th is is re la tive ly 
stable liposome form ulations o f reduced folates such as 
methotrexate, which are sign ificantly less like ly  than 
even anthracyclines to leak prem aturely in  the circula­
tion  and cause nonspecific toxicities. These reduced fo­
lates enter the cell by reduced folate carriers located in  
the plasma membrane (and membranes o f endosomes 
and lysosomes) o f certain cells (Kamen et al., 1991; 
W esterhof et al., 1995). Reduced folate carriers are up- 
regulated in  a varie ty o f d ifferent tum or models, as is 
expected considering the rapid growth rate o f cancerous 
cells (W esterhof et al., 1991; W eitman et al., 1992a; Ross 
et al., 1994). A fte r the delivery to late endosome and 
lysosomes where the carrier is degraded and methotrex­
ate is released, methotrexate can be transported by the 
reduced folate carrier in to the cytosol, where i t  can e lic it 
its  cytotoxic action on folate-requiring enzymes (W eit­
man et al., 1992b; Antony, 1996). A  number o f in  v itro  
studies w ith  methotrexate or methotrexate-y-aspartate 
have shown a marked dependence o f cytotoxicity on 
targeting to endocytic pathways (Heath et al., 1983;

M atthay et al., 1986, 1989; Bem stein et al., 1987; 
Straubinger et al., 1988; Singh et al., 1989). An addi­
tional advantage of the development o f a liposomal for­
m ulation o f a drug such as methotrexate is th a t the 
modes of drug resistance to methotrexate and anthracy­
clines are m arkedly different. Consequently, a combina- 
tion  of targeted liposomal methotrexate w ith  targeted or 
nontargeted DOX may provide an even greater chance 
for long-term  survival. O f course, th is  is a technical 
advantage of the use of antifolates w ith  targeted lipo­
somes. The firs t and most obvious consideration is tha t 
the type of cáncer is sensitive to antifolates.

C. Hyperthermia and Thermosensitive Liposomes
Hypertherm ia has also been used to increase the bio­

ava ilab ility  o f liposomal drugs in  the tum or area. In  
addition to sim ply increasing the amount o f liposomes 
tha t enter the tum or area (see IIIC. Hyperthermia and 
Vascular Permeability Factors for Increasing Vascular 
Permeability), hypertherm ia makes the d istribu tion  of 
liposomes w ith in  the tum or more uniform , increasing 
the b ioavailab ility o f the released drug to cells w ith in  
the tum or (K irpo tin  et al., 1999b). This is sim ila r to the 
effect seen w ith  HER2-targeted immunoliposomes. Hy­
pertherm ia can also be used to increase drug bioavail­
a b ility  v ia  a second mechanism. Liposomes can be ren- 
dered thermosensitive by replacing some o f the DSPC 
lip id  component w ith  DPPC, resulting in  an increased 
leakage o f the encapsulated m ateria l (Yatvin et al., 
1978; Caber et al., 1995, 1996; Wu et al., 1997) when 
heated to 42°C. This effect was found to be dependent on 
the presence o f plasma proteins. A t 37°C these lipo­
somes are stable and do not release DOX. However, 
heating to 42°C for 30 m in results in  a release o f >60% 
o f the encapsulated DOX (Caber et al., 1995). The com- 
bination of hypertherm ia and L-DOX appears to be a 
very prom ising strategy for the treatm ent o f cáncer due 
to its  a b ility  to enhance three im portant characteristics 
o f liposomal drug delivery: tum or accumulation, in tra ­
tum oral d is tribu tion , and b ioavailab ility. One study has 
already demonstrated increased therapeutic efficacy for 
DOX-loaded thermosensitive liposomes used in  conjunc- 
tion  w ith  hypertherm ia (Huang et al., 1994). D ifferent 
regimens and treatm ent schedules are currently being 
investigated for th e ir effect on efficacy and to le rab ility . 
The strategy used here illustra tes another im portant 
aspect o f the optim ization o f liposomal drug delivery. 
C urrently, i t  is d ifficu lt to resolve even the complex 
relationships existing between various liposome proper­
ties (size, charge, perm eability characteristics) and 
pharmacological factors (dose, route o f adm inistration) 
regulating liposome delivery in  vivo. A lthough these re­
lationships have been the prim ary focus o f th is  review, 
the fu ture holds a need for elucidation o f the complex 
processes responsible in  vivo for regulating tum or per­
m eability and the movement o f liposomes w ith in  the 
tum or after extravasation. The a b ility  to m anipúlate
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these processes w ill undoubtedly provide a greater ave- 
nue for increasing drug b ioava ilab ility  in  vivo for d iffi- 
cu lt-to-treat solid tumors.

A  diagram depicting the accumulation and d is tribu ­
tion  of liposomes in  tumors is given in  Fig. 8. A fte r 
extravasation through large peres in  the tum or m icro­
vasculature, liposomes accumulate in  the tum or in ter- 
stitium . Here they can release th e ir encapsulated drug 
slowly, where i t  can be taken up by neighboring tum or 
cells. Targeted liposomes can also obtain a deeper tissue 
d istribu tion  after endocytosis or transcytosis o f the car­
rie r and thus expose a greater area o f the tum or to the 
drug. In  addition, liposomes targeted to endocytic path­
ways are destabilized by lysosomal enzymes, releasing 
the drug w ith in  the tum or cells, where i t  can act on 
in trace llu la r targets.

D. Problems with Highly Hydrophilic Drugs and 
Bioavailability

As mentioned in  VII. Stability in Plasma and Storage, 
i t  is re la tive ly easy to prepare stable liposome form ula­
tions w ith  polar drugs tha t are unable to permeate mem­
branes. However, the usefulness o f these liposomes is 
more lim ited  due to present lim ita tions in  the a b ility  to 
make these drugs bioavailable at the tum or site. In ­
creased delivery o f h igh ly hydrophilic drugs (Chu and 
Szoka, 1992) or oligonucleotides (Woodle et al., 1997) to 
the site o f action is not sufficient in  its e lf to obtain an 
enhanced therapeutic effect. On a rriva l, the drug must 
both be released by the carrier and be taken up by the 
cells o f interest. Drugs tha t can be are recognized and 
transported by plasma membrane transporters, such as 
ara-C and methotrexate (Plageman et al., 1978; W iley et 
al., 1982; Kamen et al., 1991), may be useful i f  they can 
be released from the carrier (A lien et al., 1992). In  the 
case o f methotrexate, liposome targeting and in tem a l­
ization like ly  give rise to increased drug release, and 
thus greater cytotoxicity (Heath et al., 1983; M atthay et 
al., 1989). A fte r in tem alization, the drug can be subse- 
quently transported by an in te rna l anión transporter 
in to  the cytosol (Kamen et al., 1991).

Several approaches are being studied to improve the 
b ioava ilab ility  o f th is  class o f drugs. pH sensitive lipo­
somes composed of unsaturated phosphatidylethano- 
lamines and m ild ly  acidic amphiphiles have been the 
most thoroughly studied (Straubinger et al., 1985; Chu 
et al., 1990; L itz inger and Huang, 1992). The problem 
w ith  th is  approach is tha t these form ulations are readily 
stabilized by plasma components, which insert in to  the 
membrane bilayer and reduce the liposome’s sensitiv ity 
to pH  (L iu  and Huang, 1989,1990; D. C. Drummond and
D.-L. Daleke, unpublished observations). Recently, two 
approaches have been attempted to induce acid-medi- 
ated leakage o f water-soluble content markers. The firs t 
is the development o f pH-sensitive lipid-anchored co- 
polymers (Meyer et al., 1998b). Incorporation of these 
polymers in to  eggPC/Chol liposomes was shown to result

in  substantial leakage o f a water-soluble content m arker 
(pyranine), when the pH was lowered below 5.5. U nlike 
other pH-sensitive liposomes, release of the m arker is 
not due to fusión bu t ra ther to a collapse of the polymer 
at the phase transition  and subsequent collapse of the 
liposomes or resulting local defects in  the membrane 
th a t allow for contents leakage. The second approach 
is the design of cleaveable PEG-DSPE conjugates 
(K irpo tin  et al., 1996). PEG-DSPE is known to stabilize
1.2-dideoyl-3-sro-phosphatidylethanolamine containing 
membranes and prevent fusión o f liposomes (Holland et 
al., 1996a,b; Basanez et al., 1997). Release of PEG from 
the surface w ith  a sulfhydryl- or an acid-sensitive trig - 
ger gives a fusion-competent liposome, capable o f releas­
ing its  contents. Programming release o f PEG-lipid con­
jugates from  the liposome surface through adjustm ent of 
the acyl chain composition has been another mechanism 
for release o f the stabilizing polymer (Holland et al., 
1996b; Webb et al., 1998). Some groups have even at­
tempted to destabilize liposomes using enzymes th a t can 
cleave peptides or sugars from  the liposome surface (Pin- 
naduwage and Huang, 1988; Pak et al., 1997) or by using 
pH-sensitive peptides (Párente et al., 1988, 1990). F i­
nally, water-soluble polyanions such as oligonucleotides 
have been complexed w ith  cationic lip ids and then de­
livered effectively to the nucleus o f target cells (Zelphati 
and Szoka, 1996; Meyer et al., 1998a). Although some 
progress has been made w ith  these systems in  v itro  and 
in  cell culture, they are s till a considerable way from  
being useful in  an in  vivo application.

I f  th is class o f drugs is to be used in  vivo, i t  w ill 
undoubtedly be in  the context o f SSLs. To be readily 
released from  the liposome, h igh ly water-soluble com­
pounds w ill like ly  require the use o f flu id  phase 
liposomes. A lthough low-phase transition  lip ids such as
1.2-dideoyl-3-sn-phosphatidylethanolamine, eggPC, or 
POPC can be incorporated in to  SSLs and s till rem ain 
long circulating, CLs containing these lip ids are rap id ly 
removed from  the circulation (see IID. Effect o f Mem­
brane Packing Constraints on Pharmacokinetic Param­
eters). Thus, steric stabilization provides more fle x ib ility  
for the type o f drug class tha t can be delivered to tumors 
w ith  liposomes.

IX. Conclusions
A. Sterically Stabilized versus Rapid-Release 
Conventional Liposomal Formulations

In  theory, slow-release systems th a t effectively deliver 
th e ir drug to tumors and release the drug in  the near 
v ic in ity  of tum or cells are more advantageous, and thus 
should be more therapeutically efficacious, than a rapid- 
release system where the drug is released from  the car­
rie r to a significant extent while in  the circulation. When 
used at equivalent doses, there are no known instances 
where DOX-loaded eggPC/Chol liposomes (TLC D-99) 
were shown to be more efficacious than SSL DOX. How-
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ever, by defin ition, efficacy is not dependent on dose, and 
at present TLC D-99 can be administered at higher 
doses than D oxil due to the dose-lim iting tox ic ity  o f H-F 
syndrome. In  the treatm ent o f patients w ith  m etastatic 
breast cáncer, TLC D-99 was shown to have an almost 
identieal response rate as reported for D oxil (Ranson et 
al., 1997; H arris et al., 1998) but had to be delivered at 
a dose 70% greater than used for Doxil (75 versus 45 
mg/m2 every 3 weeks). A lthough both form ulations are 
undoubtedly better than free DOX due to decreased tox­
icities, better patient compliance, and an increased qual­
ity  o f life , drug delivered via sterica lly stabilized slow- 
release systems offers two significant advantages. F irst, 
because a comparable therapeutic response requires 
higher doses o f DOX to be administered in  the case of 
TLC D-99, cum ulative toxicities such as cardiotoxicity 
are like ly  to be higher. In  addition, due to significant 
leakage o f the drug in  the central compartment, com­
pared w ith  the tum or for DOX, more bioavailable drug 
like ly  reaches the heart and other healthy tissues. In i­
tia lly , the large improvements over free DOX w ill like ly  
make these differences seem m inor in  comparison. Nev­
ertheless, as L-DOX becomes more w idely accepted and 
replaces free DOX in  treatm ent regimens, these d iffe r­
ences in  the new higher lim its  placed on cumulative 
doses of L-DOX w ill become im portant.

A  second advantage of slow-release liposomes is tha t 
they are more amenable to active targeting o f solid tu ­
mors. Because eggPC/Chol liposomes release a large 
proportion o f th e ir contents before reaching the tum or, a 
s ign ificantly reduced advantage would be gained by ta r­
geting than would be expected for slow-release lipo­
somes. The use o f hypertherm ia to increase extravasa­
tion  of liposomes would also benefit more using slow- 
release systems, where the increased uptake and 
d istribu tion  o f drug-loaded liposomes in  the tum or 
would result in  a greater increase in  overall tum or drug 
levels. I f  the drug is released to a greater extent in  the 
circulation, then the drug takes on the pharmacokinetics 
o f the free drug and would not benefit as substantia lly 
from hypertherm ia, which alters fu rthe r the pharmaco­
kinetics of the carrier. I f  hypertherm ia were used in  
conjunction w ith  thermosensitive liposomes to trigger 
the release of contents, then heat would be administered 
after accumulation o f the drug in  the tum or and would 
in  effect reversibly trigger the transform ation o f lipo­
somes from a slow-release to a very rapid-release sys­
tem. In  addition, the rapid-release liposomes have re­
duced circulation lifetim es compared w ith  slow-release 
liposomes, especially SSLs. Liposomes w ith  longer c ir­
culation lifetim es would be expected to benefit more 
from hypertherm ia, which has its  effect on increasing 
passive targeting. Future improvements in  liposome de­
sign by preparing triggerable liposomes th a t are slow- 
release systems whereas in  the plasma but revert to 
rapid-release systems on reaching the tum or w ill pre­
sumably result in  the most efficacious form ulation.

F ina lly, efficacy results have not shown thus fa r a 
favorable response rate for TLC D-99 over Doxil, and 
potential remedies are presently under consideration for 
reducing the severity o f H-F syndrome. I f  these are 
effective, then dose escalation o f D oxil w ill undoubtedly 
provide a greater therapeutic response.

B. Conventional and Sterically Stabilized Slow-Release 
Systems

Small, neutral, and solid CLs for drug delivery appear 
to be lim ited  in  th e ir potentia l usefulness as a drug 
delivery vehicle i f  compared w ith  SSL form ulations at a 
s im ila r dose. The dose-independent clearance kinetics o f 
PEG-modified liposomes provides these carriers w ith  a 
unique a b ility  to rem ain in  the circulation long enough 
for a therapeutically relevant concentration of drug to 
accumulate in  tumors but a t low enough concentrations 
to avoid certain nonspecific toxicities. However, as men­
tioned, H-F syndrome lim its  the dose o f SSL DOX tha t 
can be administered and thus CLs (DSPC/Chol) may be 
administered at a dose high enough to give rise to sim­
ila r tum or concentrations o f drug. One potentia l prob­
lem w ith  CL form ulations is th a t increased circulation 
times and high in tra tum ora l drug concentrations are 
dependent on drug-induced tox ic ity  to RES macro­
phages. This presents a problem th a t has not been ade- 
quately addressed: susceptibility to opportunistic infec- 
tions. In  addition, the requirem ent o f long circulation 
times on drug-induced tox ic ity  would depend heavily on 
the drug tha t is form ulated. Some drugs such as m itox- 
antrone are unable to enhance circulation lifetim es by 
th is  approach. For delivery of liposomal drug to solid 
tumors, slow-release CLs are also lim ited  to the delivery 
o f am phipathic drugs tha t are able to freely transverse 
the bilayer. SSLs offer the potentia l advantage o f being 
able to be modified to increase the b ioava ilab ility  o f a 
varie ty o f drugs whereas m aintaining th e ir long circu­
la tion  times. Thus, CLs appear to be more lim ited  in  
applicab ility to very specific conditions, whereas SSLs 
appear to be more flexible.

The development o f SSLs has shifted the focus of 
liposome research away from  improved CL form ulations 
for long circulation. The question of whether CLs have 
been tru ly  optim ized was raised in  HC. Effect o f Lipo­
some Charge on Pharmacokinetic Parameters. There is 
at least some evidence to suggest they have not been. I f  
th is  is the case, then a careful study o f the rate of 
accumulation in  tumors, form ulation s tab ility , toxicity, 
and efficacy w ill have to be completed to determine 
whether they can be effectively used as carriers o f anti- 
neoplastic drugs in  vivo. This new generation o f CLs 
may provide a plausible altem ative to SSLs i f  carefully 
optimized.

C. Visions for Future
Liposomal drugs have been suggested to be the long- 

awaited “magic bu lle t” cáncer therapy due to th e ir abil-
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ity  to accumulate selectively in  the tum or (Matsumura 
and Maeda, 1986; Maeda and M atsum ura, 1989). How­
ever, the problem remains th a t not a ll cancers and not 
a ll patients respond to the “bu lle t” equivalently. The 
drug being delivered by liposomes plays an im portant 
role in  the response achieved. M u ltid rug  resistance has 
led to significant obstacles in  the a b ility  o f standard 
chemotherapy regimens to cure cáncer (Chapman and 
Powis, 1993; Chabner and Longo, 1996). Many studies 
have shown th a t combinations of chemotherapeutic 
agents w ith  nonoverlapping mechanisms of drug resis­
tance may provide a greater opportunity for treating 
cáncer more effectively. Liposomal drugs have the ad­
vantage of continually bombarding the cáncer cells w ith  
low doses o f standard chemotherapy and possible over- 
whelm ing drug transporters responsible for pumping 
drugs such as anthracyclines out o f the cell (Richardson 
and Ryman, 1982; Th ierry et al., 1989; Rahman et al., 
1992). Even w ith  th is  possibility in  m ind, i t  is un like ly  
th a t tumors resistant to DOX w ill be completely eradi- 
cated using only L-DOX. One prom inent member o f the 
liposome fie ld  o f study has continually and quite under- 
standably raised the im portant question, “When are we 
ever going to get out o f the A’s” (Szoka, 1998), referring, 
of course, to the four most studied liposomal drugs: 
ara-C, anthracyclines, aminoglycosides, and amphoteri- 
cin B (a potent antifungal agent). I t  is an excellent 
question and one th a t deserves a considerable amount of 
thought. Liposomes provide an efficient vehicle for de­
live ry  o f anticancer agents to tumors, but i t  w ill almost 
certainly be necessary to use combinations o f different 
drugs to provide the most effective treatm ent. Several 
studies have addressed th is  concern (Vaage et al., 1993b; 
Fonseca et al., 1995; M itsuyasu et al., 1997; Valero et al.,
1999). In  one study, combination therapy w ith  low doses 
o f both SSL DOX and SSL-VCR was shown to be more 
effective in  the treatm ent o f MC2 mammary tumors 
than higher doses o f e ither liposomal drug alone (Vaage 
et al., 1993b). O ther studies have reported the combina­
tion  of L-DOX w ith  other free drugs (Fonseca et al., 
1995; M itsuyasu et al., 1997; Valero et al., 1999). Addi­
tional studies th a t attem pt to encapsulate drugs w ith  
nonoverlapping modes of drug resistance and significant 
activ ity  against a particu la r form  of cáncer in  liposomes 
or combine free drugs w ith  nonoverlapping modes of 
drug resistance w ith  presently developed liposomal 
drugs are needed and may resu lt in  more effective drug 
regimens for the treatm ent o f a varie ty o f d ifficu lt-to - 
trea t cancers.

W hat liposomal drugs should be developed next? This 
is a d iffic u lt question and is dependent on several d if­
ferent variables; including the type o f cáncer and its  
response to a particu la r drug, the s tab ility  o f the lipo­
some form ulation in  the circulation, the a b ility  to make 
the drug bioavailable at the tum or site, and the mode of 
drug resistance. There is no one correct answer, and 
investigators are encouraged to be both Creative and

thorough in  th e ir selection and development o f other 
drug form ulations. Although methods for liposome ta r­
geting using tumor-specific ligands, for increasing ex­
travasation of liposomes in to  tumors (hypertherm ia) 
and for increasing the b ioava ilab ility  o f the drug selec­
tive ly  a t the tum or site, w ill in  a ll probability increase 
the overall therapeutic index of a drug such as L-DOX, 
there is no doubt an im portant need to develop liposomal 
form ulations o f other drugs. These attem pts are cur­
ren tly  being made in  our laboratory (K irpo tin  et al., 
1999a) and those of others (A lien et al., 1995b; Chang et 
al., 1997; Colbern et al., 1998; Embree et al., 1998; 
Gelmon et al., 1999; Newman et al., 1999; Vaage et al.,
1999) w ith  an assortment o f well-studied chemothera­
peutic agents.

Increasing the efficiency o f L-DOX by a ltering its  ac­
cum ulation in  tum or or its  d istribu tion  w ith in  tumors or 
by increasing its  b ioava ilab ility selectively w ith in  the 
tum or are im portant strategies being investigated by 
many in  the fie ld. We have concentrated on two ap­
proaches to achieve these goals: local hypertherm ia and 
specific targeting to tum or cell-specific epitopes th a t in ­
ternalizo on binding. The encouraging preclin ical stud­
ies w ith  HER2-targeted immunoliposomes are in  pa rt a 
result o f the long circulation lifetim es provided by steric 
stabilization combined w ith  the increased bioavailabil­
ity  resulting from  endocytosis o f the targeted carrier. 
Anti-HER2 immunoliposomes are presently being con­
sidered (HER2 overexpressing) for the treatm ent o f ag- 
gressive forms o f breast cáncer in  clin ica l triá is . In  ad­
d ition, A lien and coworkers have recently shown 
prom ising preclinical results w ith  SSL imm unolipo­
somes targeted to B cell malignancies using an anti- 
CD19 antibody (Lopes de Menezes et al., 1998).

The fie ld  o f liposomal chemotherapy brings together a 
broad arena o f scientific disciplines, including such var- 
ied prácticos as membrane biophysics, chem istry, bio- 
chemistry, cell biology, pharmaceutical technology, tu ­
mor physiology, toxicology, and clin ica l oncology. To be 
successful, scientific groups in  the liposome fie ld  need to 
operate at the interface o f these various disciplines and 
take as many o f these prácticos in to  consideration when 
ra tiona lly  designing a drug-carrier system, including 
the liposomes described in  th is  review. I t  is hoped tha t 
th is  review w ill serve as a focal point from  which fu ture 
improvements in  liposome technology can be made and, 
at the same tim e, as a rem inder o f how fa r we have 
come. The development o f additional liposomal drug for­
m ulations should be aided by the advancements o f the 
past, many o f which are described in  th is  review, but 
w ith  the realization tha t no one form ulation is ideal for 
a ll classes or even subclasses of drugs. The a b ility  to be 
Creative and to adapt what we have leamed thus fa r w ill 
determine the success o f th is  fie ld  in  the future.
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