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1. Me refiero al auto dictado por ese Despacho notificado mediante fijacién en lista
de 18 de Febrero de 2011 y a mi memorial solicitando plazo de 12 de Mayo de 2011.

2. Con el fin de responder a las objeciones presentadas por el Sefior Examinador
en su Concepto Técnico No. 238 con respecto a la claridad del Capitulo
Reivindicatorio, la presencia de reivindicaciones relativas a usos y a materia exenta
de patentabilidad, a la Unidad de Invencion y al Nivel Inventivo de la presente
solicitud, me permito dirigir su atencidn a las siguientes modificaciones y argumentos
técnicos por medio de los cuales se superan satisfactoriamente dichas objeciones.

3. CAPITULO REIVINDICATORIO.

En primera instancia, el Sefior Examinador sefiala que el capitulo reivindicatorio
actualmente presentado no seria claro toda vez que dentro de las reivindicaciones 12
a 21 actualmente presentadas se incluyen expresiones ambiguas como “cantidad
farmacéuticamente efectiva” y no se define de manera precisa los elementos de la
composicion, sino que se hace referencia (inicamente a su categoria farmacoldgica.

Tomando en consideracién esta objecién, me permito manifestar que es deseo
del solicitante modificar el capitulo reivindicatorio de manera que este sea
completamente claro Y conciso al reclamar las composiciones farmacéuticas que son
objeto de la invencién, Asi mismo, estas modificaciones hacen que el capitulo

reivindicatorio se centre en ei objeto principal de la invencidn: composiciones
farmacéuticas.

En conexion con lo anterior me permito resaltar que este capitulo reivindicatorio
modificado no se constituye de ninguna manera en una ampliacién al alcance de la
invencién, tal como fue originalmente presentada, toda vez que se esta restringiendo
la reclamacién a composiciones preferidas de la invencidon en concordancia con las
ensehanzas de la descripcion de la solicitud, como se expone a continuacién:
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» Reivindicaciones 1 _a 11. Estas reivindicaciones han sido eliminadas del
capitulo reivindicatorio.

e Reivindicaciones 12 a 16 v 18 a 21 (nuevas reivindicaciones_ 1 a 9). Se han
modificado estas reivindicaciones, para que hagan referencia particular a los
compuestos preferidos de cada categoria farmacoldégica que pueden estar
incluidos dentro de la composicién de la invencién, de acuerdo con lo revelado
en las paginas 50, 53 y 54 de la descripcidn de la solicitud. Asi mismo, se han

eliminado expresiones poco claras como “cantidad farmacéuticamente
efectiva”.

« Reivindicacion 17. Esta reivindicacion han sido elimipada del capitulo
reivindicatorio.

« Reivindicaciones_22 a 25. Estas reivindicaciones han sido eliminadas de!
capitulo reivindicatorio.

Como consecuencia de lo anterior, el capitulo reivindicatorio modificado esta
constituido por 9 reivindicaciones, las cuales estan dirigidas a composiciones
farmacéuticas especificas que contienen el compuesto 2 o una sal farmacéuticamente
aceptable del mismo junto con ciertos agentes terapéuticos particulares, de acuerdo
con las realizaciones preferidas de la invenciéon, como se muestran dentro del texto
de la descripcion de la solicitud.

Asi mismo, me permito resaltar que dicho capitulo reivindicatorio modificade no
incluye ninguna expresion que reste claridad a la reclamacion, sino que define de
forma precisa el objeto de la invencion.

En vista de este hecho, es evidente que el capitulo reivindicatorio modificado es
totalmente claro y conciso al reclamar las composiciones farmacéuticas que son
objeto de la presente solicitud, y por lo tanto, dicho capitulo reivindicatorio cumpte a
cabalidad con lo estipulado por el Articulo 30 de la Decision Andina 486 dé 2000.

4. UNIDAD DE INVENCION.

Por otro lado, el Sefior Examinador resalta que las reivindicaciones 6 a 11
actualmente presentadas carecerian de unidad de invencidn, toda vez que se refieren
a paquetes o “Kits” compuestos por distintos elementos, cada uno de los cuales
tendria un concepto inventivo distinto.

Sobre este particular me permito resaltar que, tal como se expuso en el
numeral anterior del presente memorial, las mencionadas reivindicaciones 6 a 11 han
sido eliminadas del capitulo reivindicatorio.
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Sumado a esto, el capitulo reivindicatorio modificado reclama tnicamente
composiciones farmacéuticas cobijadas bajo el mismo concepto inventivo,
ajustandose de esta forma completamente a lo preceptuado por el Articulo 25 de la
Decision Andina 486.

5. REIVINDICACIONES RELATIVAS A USOS.

Por otro lado, el Sefior Examinador indica que las reivindicaciones 1 a §
actualmente presentadas no serian patentables, toda vez que se refieren al uso del
compuesto 2.

A este respecto me permito manifestar que tal como se expuso en el numeral
anterior del presente memorial, las mencionadas reivindicaciones 1 a 5 fueron
eliminadas del capitulo reivindicatorio.

De esta forma, el capitulo reivindicatorio modificado no hace referencia alguna
a usos, cumpliendo asi a cabalidad con Io preceptuado por los Articulos 14 y 21 de la
Decisién Andina 486 de 2000,

6. EXCEPCION DE LA PATENTABILIDAD.

Asi mismo, el Sefior Examinador sefiala que las reivindicaciones 22 a 25
actualmente en estudio se constituyen en una excepcion de patentabilidad, dado que
se refieren a una terapia para tratar una enfermedad.

Sobre este particular me permito resaltar que las mencionadas reivindicaciones
22 a 25 han sido eliminadas de! capitulo reivindicatorio, vy consecuentemente, el
capitulo reivindicatorio modificado no hace referencia ailguna a métodos de
tratamiento, por lo que dicho capitulo reivindicatorio modificado se ajusta
completamente a lo estipulado por los Articulos 14 y 20 de la Decisién Andina 486.

7.  NIVEL INVENTIVO.

Finalmente, el Sefior Examinador sefiala que de acuerdo con su andlisis la
solicitud en estudio careceria de altura inventiva a la luz de las ensefianzas de los
documentos US6387936 (D1) y WO2004005321 (D2),

Con respecto a estos documentos el Sefior Examinador sostiene que D1 es el
estado de la técnica mas cercano, toda ver que divulga una composicion
farmacéutica que comprende levodopa vy riluzol, afirmando ademas que para la
persona versada en la materia seria evidente tomar el compuesto 2 revelado en D2 e
intercambiarlo por el neuroprotector de D1 para obtener la composicion de que es
objeto de la presente solicitud.
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Sobre este particular me permito resaltar que las ensefianzas de los
documentos citados de ninguna manera conducirian a la persona versada en la
materia a obtener las composiciones que son objeto de la presente solicitud, toda vez
que dichas ensefianzas no indican ni sugieren la posible utilidad del compuesto 2

como neuroprotector en el tratamiento de la enfermedad de Parkinson, tal como se
discutira a continuacién.

7.1. El _documento D1 revela la combinacion de levodopa con un
neuroprotector, pero no sugiere ias composiciones de la presente invencién.

Con respecto al documentc D1 me permito resaltar que este revela
composiciones que contienen levodopa vy riluzo!, indicando que estas son efectivas en
el tratamiento de la enfermedad de Parkinson. Sin embargo, dicho documento D1
sélo se refiere de forma general a que el riluzol era empleado en el tratamiento de
esclerosis y que posteriormente se encontré un efecto neuroprotectivo con el uso de
este compuesto:

"El riluzol (2-amino-6-trifluorometoxibenzo-tiazol) se comercializa para el
tratamiento de esclerosis lateral amiotrofica. También es conocido por su efecto
neuroprotector en el tratamiento de la enfermedad de Parkinson (WO94/15601)”
(Columna 1, lineas 52 a 55, D1).

Es asi como D1 no discute el mecanismo de accidén del riluzol, ni sugiere qué
otro tipoc de compuestos podrian llegar a ser empleados en combinacién con
levodopa, v en cambio del riluzol, para el tratamiento de la enfermedad de Parkinson
{(de D1 es claro que todas las composiciones alll reveladas contienen
simultaneamente ambos compuestos levodopa y riluzol).

En conexidn con lo anterior me permito sefalar que para la persona versada en
la materia seria evidente que el riluzol actda como antiglutamatergico, siendo su
principal funcién inhibir canales de sodio sensibles al TTX (tetrodotoxina).

En este sentido, es pertinente llamar la atencién a que la funcidbn como
neuroprotector del riluzol estd asociada con su accidn de antiglutamatergico. Para
comprobar este hecho me permito referirme al documento LeWit, Peter A.; Tayior,
Danette C. Neurotherapeutics: The Journal of the American Society for Experimental
NeuroTherapeutics Vol. 5, 210-225, Abril 2008, “Protection Against Parkinson’s
Disease Progression:Clinical Experience”, en el cual se discute que ninguno de los
tratamientos conocidos hasta el momento han sido efectivos para detener o disminuir
ta progresion de la enfermedad de Parkinson (incluido el rifuzol), sefialando el
mecanismo de accién de los agentes antiglutamatergicos como el riluzol:

"Agentes antiglutamatergicos
Como el glutamato puede actuar como una excitotoxina contribuyendo al dafio
neuronal, un razonamiento para la neuroproteccion de la enfermedad de Parkinson
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ha sido bloquear el neurotransmisor de glutamato en el sistema nervioso. FEste
aminodcido neuromodulador se ha tenido bajo consideracién con un factor
contributivo para un ndmero de enfermedades neurodegenerativas. Estudios
empleando modelfos animales de parkinsonismo han sugerido que el glutamato puede
conferir dafio excitotéxico por medio de los receptores NMDA.

Riluzol
Se ha mostrado que este compuesto demuestra efectividad limitada pero definitiva
en disminuir el deterioro de la esclerosis lateral amiotréfica y ha sido aprobado para
su uso por fa FDA. El Riluzol actia bloqueando Ia liberacion presinaptica de
glutamato.” (Pagina 220, segunda columna, parrafos 2 y 3).

Sumado a lo anterior, el documento D1 no indica ni sugiere de ninguna manera
la posible utilidad de reemplazar el riluzol por algun otro agente neuroprotector, sino
gue se centra Unicamente en demostrar la utilidad de composiciones farmacéuticas
que comprenden simultdneamente levodopa y riluzol,

En vista de estos hechos, équé razdn tendria la persona versada en la
materia para reemplazar el riluzol pPor un agente que tiene una funcién
biolégica totalmente distinta, como es inhibir Ia 4-hidroxifenilpiruvato
dioxigenasa (HPPD)?

Consecuentemente, si la persona versada en la materia partiera de las
ensefianzas de D1 no tendria minguna motivacién para obtener una composicién
farmacéutica que incluyera levodopa y un inhibidor de HPPD, maxime cuando D1 no
indica o sugiere la utilidad de dicha composicion.

De otro lado, me permito Ilamar la atencién a ese despacho al hecho que
dentro de Ila presente invencién Ia presencia de levodopa no es
indispensable, toda vez que existen composiciones de la invencién en las
cuales dicho compuesto no esta presente, como por ejemplo aquella que es
reclamada por la reivindicacién 1 del capitulo reivindicatorio modificadeo, en la cual se
combina el compuesto 2 con otro agente inhibidor de HPPD.

Por lo tanto, el documento D1 no brinda ninguna motivaciéon para obtener una
composicién farmacéutica que comprenda un inhibidor de HPPD, en patticular el
compuesto 2, junto con otro agente terapéutico, como las que son objeto de la

presente solicitud, por lo que dicho documente no puede afectar el nivel inventivo de
la solicitud en estudio.

7.2, El documento D2 no se centra en el compuesto 2, Y no indjca o sugiere

la_posible utilidad de este compuesto como neuroprotector.
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Por otro lado, el documento D2 revela composiciones y métodos para inhibir 4-

hidroxifenilpiruvato dioxigenasa en un sistema viviente, administrando compuestos
de las férmulas I, II o III:
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En relacion con este documento me permito resaltar que para la persona
versada en la materia seria evidente que los significados de los sustituyentes sobre
dichas formulas I, 1I o III no pueden de ninguna manera conducir al compuesto 2,
incluido en las composiciones de la presente invencion, cuya estructura es:
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Ahora bien, el alin cuando el documento D2 si menciona este compuesto,
refiriéndose a él como NTBC, esta referencia se hace Unicamente para
establecer que el compuesto 2 hace parte del estado del arte, como es claro
en el parrafo [0004], lineas 5 a 20 de la pagina 3 de dicho documento,

donde se revela que dicho compuesto es empleado en el tratamiento de la
tirosinemia I:

"En nifios con tirosinemia I, uno de estos herbicidas se emplea como
terapéutico para inhibir 4-HPPD, y de esta forma suprimir la formacion de
hepatotoxinas maleilacetoacetato, fumarilacetoacetato y sus derivados saturados”.

“Introducido en 1992, este agente, 2-2(-nitro-4-trifluorometilbenzoil)-
ciclohexano-1,3-diona o NTBC, ha beneficiado a cientos de pacientes con
tirosinemia I y ha cambiado al menos el marco de tiempo para transplante de
higado, el cual es todavia el tratamiento definitivo”. (Resaltado fuera de texto).

De esta forma, el documento D2 no esta centrado en el compuesto 2,

sino en buscar alternativas para este compuesto, Gtiles en el tratamiento de
la tirosinemia 1.

Sumado a lo anterior, el documento D2 claramente muestra que la inhibicion de
4-HPPD regula los niveles de tirosina toda vez que esta enzima esta involucrada en el
catabolismo de este aminoacido (Ver tabla III, pagina 34, fila 6, D2). Por lo tanto, la
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inhibicion de la 4-HPPD resultard en un aumento de los niveles de tirosina en el
plasma y en la sangre.

En conexion con estas revelaciones me permito resaitar que el mencionado
documento D2 de ninguna manera revela o sugiere una posible relaciéon
entre los niveles de tirosina y los de dopamina, y mucho menos sefiala que
la inhibicién de 4-HPPD podria tener algin efecto neuroprotector en la
enfermedad de Parkinson.

Consecuentemente, la persona versada en la materia partiendo de las
ensefianzas de D2 no tendria ninguna motivacién para emplear, especificamente el
compuesto 2, en una composicién que comprenda otro agente terapéutico
encaminado al tratamiento de la enfermedad de Parkinson, maxime cuando D2 no
brinda ninguna insinuacion con respecto a la posible utilidad de este tipo de
composiciones,

En vista de estos hechos, es claro que el documento D2 no puede afectar el
nivel inventivo de la presente solicitud.

7.3. La combinacién de las ensefianzas de D1 Y D2 no seria evidente para la
persona versada en la_materia y alun_si_se llevara a cabo no _conduciria

inequivocamente a las composiciones que_son objeto de la presente

solicitud.

Como se discutid anteriormente, el documento D1 revela una composicién para
tratar la enfermedad de Parkinson la cual contiene un precursor de dopamina,
levodopa, y un antiglutamatergico, riluzol.

Por su parte, el documento D2 revela un gran nimero de compuestos que
poseen como anillo central una piridinona, los cuales son Gtiles como inhibidores de
4-HPPD en el tratamiento de tirosinemia I,

En este sentido me permito resaltar que para la persona versada en la
materia no seria de ninguna manera evidente modificar la composicién
revelada en D1 empleando algin compuesto de los revelados en D2, maxime
cuando no es claro de D2 que alguno de dichos compuestos, o la inhibicién

de 4-HPPD, pueda llegar a tener efectos neuroprotectores para la
enfermedad de Parkinson.

Por lo tanto, dicha persona versada en la materia no combinaria las ensefianzas
de D1 y D2 de manera evidente.

Ahora bien, ain cuando dicha persona versada en la materia buscara hacer
dicha combinacién, &por qué escogeria entre todas las posibilidades de
compuestos revelados en D2 uno que ho es parte de esa invencién sino que
se describe como arte previo?
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Es decir, si el documento D2 claramente busca nuevas alternativas de
inhibidores de HPPD y revela un gran niumero de compuestos, siendo preferido la
deferiprona (ver reivindicaciones 2, 4 y 6, paginas 35 a 37 de D2), équé razdn
tendria la persona versada en la materia para ignorar todos estos compuestos y

centrarse Unicamente en uno gue no es objeto de esa invencién y que posee una
estructura distinta?
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Compuesto 2 .
Deferiprona

En este punto me permito reiterar que D2 no insinGa si quiera una
relacion entre la regulacion del catabolismo de la tirosina y un efecto
neuroprotector, por lo que no seria de ninguna manera evidente para la
persona versada en la materia pensar en que una composicion que
comprenda un inhibidor de 4-HPPD podria ser empleada en el tratamiento
de la enfermedad de Parkinson.

Sumado a lo anterior, y como se discutid anteriormente en el presente
memorial, algunas composiciones de la invencién no tienen ningln elemento en
comun con aquellas de D1, toda vez que no comprenden un precursor de dopamina,
ni un antiglutamatergico, lo cual es aun mas evidente en virtud de las modificaciones
realizadas en el capitulo reivindicatorio que fueron previamente expuestas en este
memorial, por lo que para obtener dichas composiciones la persona versada en la
materia no podria de ninguna manera partir de las ensefianzas de D1.

Dentro de este marco de ideas me permito referirme al sefialamiento que hace
el Tribunal de lusticia de la Comunidad Andina con respecto a las definiciones de
“obvio” y “evidente” en la evaluacion del Nivel Inventivo de una solicitud de patente!:

“Resulta pertinente, a los efectos del articulo 4 de la Decision 344, definir qué

se entiende por “obvio” y por “evidente” a fin de determinar qué se debe entender
por nivel inventivo.

Lo obvio es aquello que salta a la vista de manera clara y directa; lo "que se
encuentra o pone delante de los ojos, muy claro o que no tiene dificultad”. Mientras
que lo evidente consiste en la “certeza clara y manifiesta de la que no se puede
dudar; cierto, claro, patente y sin la menor duda”. De forma que algo que resulte
obvio no es necesariamente evidente; empero lo que es evidente, es también obvio.

En este orden de ideas, se puede concluir que una invencién goza de nivel
inventive cuando a los gjos de un experto medio en el asunto de que se trate, se
necesita algo mas que la simple aplicacién de los conocimientos técnicos en la

! Tribunal de Justicia de la Comunidad Andina, PROCESC 192-1P-2005
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materia para llegar a ella, es decir, que de conformidad con el estado de la técnica el
invento no sea consecuencia clara y directa de dicho estado”,

Con respecto a este sefialamiento me permito resaltar que este permite
claramente ver que dentro de la legislacion Andina, para que exista afectacién del
requisito de nivel inventivo de una solicitud de patente es necesario que la invencién
alli revelada sea derivable de forma clara y directa del arte previo, y que las
ensefianzas de este arte previo sin lugar a dudas conduzcan a dicha invencion.

Por lo tanto, para el caso que nos ocupa, dado que a partir de las ensefianzas
de D1 y D2 no “salta a la vista de manera clara y directa” composiciones
farmacéuticas que comprendan un inhibidor de 4-HPPD, especificamente el
compuesto 2, junto con otro agente terapéutico, y mucho menos se tiene “certeza
clara y manifiesta de la gque no se puede dudar” de que estas composiciones
farmacéuticas serian adecuadas para el tratamiento de la enfermedad de Parkinson,
es evidente que los citados documentos D1 y D2 no pueden afectar el nivel inventivo
de la solicitud en estudio.

8. CONCLUSION.

Por Ultimo me permito resaltar que en virtud de las modificaciones realizadas al
capitulo reivindicatorio, discutidas en el presente memorial, el mencionado capitulo
reivindicatorio modificado es totalmente claro y conciso al reclamar las composiciones
que son objeto de la invencion, sin hacer referencia alguna a usos o meétodos de
tratamiento no considerados patentables.

De manera similar, gracias a dichas modificaciones, el capitulo reivindicatorio
modificado se refiere a composiciones que comparten el mismo concepto inventivo.

Asi mismo, el andlisis realizado en el presente memorial con respecto al arte
previo demostré de manera incontrovertible que la solicitud en estudio no podria
obtenerse de manera evidente a partir de las ensefianzas de los documentos D1 vy
D2, toda vez que dichos documentos no indican o sugieren ia posible relacion de la
inhibicidn de 4-HPPD y la neuroproteccion en la enfermedad de Parkinson. Por lo
tanto, se establecié que la solicitud en estudio conlleva Nivel Inventivo frente al
estado del arte mas prdéximo.

9. Anexo me permito presentar:

(i) Copia de las paginas 99 y 100 correspondientes al capitulo reivindicatorio
modificado como se expuso anteriormente, constituido por 9
reivindicaciones; y

(iiy Copia del documento LeWitt, Peter A.; Taylor, Danette C.
Neurotherapeutics: The Journal of the American Society for Experimental
NeuroTherapeutics Vol. 5, 210-225, Abril 2008, “Protection Against
Parkinson’s Disease Progression: Clinical Experience”, referenciado en el
texto. ‘
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). En vista de lo anterior, ruego a usted proceder a estudiar nuevamente la solicitud a
& luz de las modificaciones y argumentaciones presentadas y conceder el privilegio de

patente solicitado.

Sefior Superintendente,
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REIVINDICACIONES

1. Una composicidén farmacéutica gque
comprende como un ingrediente activo el compuesto 2 o
su sal y un compuesto adicional gque también es capaz de

inhibir HPPD en un animal, seleccionade del grupo que

consiste de tirosina aminotransferasa v acido
homogentisico oxidasa, Jjunto con un diluyente o
portador.

2. Una composicién farmacéutica gue

comprende el compuesto 2 o su sal y un agonista de
dopamina seleccionado del grupce gque consiste de
pramipexol, cabergolina, pergolida y ropinirol, junto

con un diluyente o portador.

3. Una composicidn farmacéutica que
comprende el compuesto 2 o su sal y levodopa junto con

un diluyente o portador.

4. Una composicién farmacéutica que
comprende el compuesto 2 o su sal y levedopa y un
inhibidor de descarboxilasa seleccionado del grupo gque
consiste de carbidopa y Dbenserazida, junto con un

diluyente o portador.

5. Una composicidn farmacéutica gue
comprende el compuesto 2 o su sal y Tolcapona junto

con un diluyente o portador.
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6. Una =~ composicidn farmacéutica de
conformidad con cualquiera de las reivindicaciones 1 a
5, caracterizada porgque que estd en una forma

conveniente para administracién oral o parenteral.

7. Una composicidn farmacéutica de
conformidad con 1la reivindicacidén 6, caracterizada
porque gque estda en una forma agradable al paladar
adecuada para administracién oral seleccionada del
grupo que consiste de: tabletas; pastillas; capsulas
duras; suspensiones acucsas; suspensiones aceitosas;
emulsiones; polvos dispersables; granulos dispersables;

jarabes y elixires.

8. Una composicidn farmacéutica de
conformidad con la reivindicacién 6, caracterizada
porque que se pretende para uso oral y esta en la forma

de capsulas de gelatina dura o blanda.

9. Una composiciédn farmacéutica de
conformidad con la reivindicacidén 6, caracterizada
porque esta en una forma conveniente para

administracién parenteral.
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Summary: Treaiments with potential neuroprotective capabil-
ity for Parkinson’s discasc (PD)} have been investigated in
randomized, controlled, clinical trials and other swdies since
the mid-1980s. Although promising leads have arisen, no ther-
apy has been proven to halt or slow disease progression. Sev-
cral large-scale studies have highlighted progress in methodol-
ogy, as well as the frustrations of translating laboratory scicnce
1o practical applications. This revicw summarizes findings from
clinical trials with several classes of compounds. including
monoamine oxidase-B inhibitors (sclegiline, lazabemide, rasa-

giline), dopaminergic drugs (ropinirole, pramipexole, levo-
dopa), antioxidant strategics {a-tocopherol), mitochondrial ¢n-
ergy enhancers (cocnzyme Q,, creatine), antiapoptotic agents
(TCH346, minocycline, CEP-1347), and antiglatamatergic
compounds (riluzole). Beyond small-molecule pharmacology,
genc therapy approaches, such as delivering newrotrophic suh-
stances (e.g., neurturin} by viral veclor, are the next generation
of treatment options. Key Words: Parkinson’s discase, neuro-
protection, neurodegencration, clinical trials, disease modifica-
tion,

INTRODUCTION

Parkinson’s diseasc (PD) is uniquc among the other
neurcdegencrative disorders because of the almost pal-
pable anticipation of an imminent cure. So much is
known about its pathophysiology thal speculation among
PD oplimists is not il, but when, a definitive treatment
will arrive. Multiple examples of the translation of pre-
clinical science to clinical rescarch have provided evi-
dence of this enthusiasm, The number and variety of
completed clinica! trials for PD neuroprotection has cx-
ceeded those conducted for all other neurodegencrative
disorders. Explaining this productivity is the intense in-
tcrest that PD has engendered in the neuroscience com-
munity.

Clues derived from study of the PD brain have led to
an abundance of preclinical research. Since the mid-
1970s, thousands of rescarch reports have investigated
possible disease mechanisms and neuroprotective ap-
proachcs, using a varicty of animal or ccllular models of

Address correspondence and reprint requests to: Peter A, LeWit,
M.D.. Henry Ford Health Systenis-Franklin Pointe Medical Cenler,
26400 West Twelve Mile Road, Suite 180, Scuthfield, Ml 48034,
E-mail; palewitt@ameritech.ne.

PD. Despite the known limitations of such models,"?
they have heen extremely influential in guiding the
search for pharmacological interventions that might hait
disease progression. A discussion of all the diverse thera-
pcutic approaches currently under exploration (antioxi-
dant, pro-metabolic, antiapoptotic, antiexcitotoxic, and
anti-inflammatory, among others) is beyond the scope of
this report— or any review wishing to provide up-to-date
information—as new research on this topic continues to
appear al an accelerating pace.

Tn 2003, a National Institutes of Health (NTH) com-
mitiee recommended 59 candidate compounds Tor testing
as potenlial neuroprotective agents of PD*—a list that,
only 5 vyears later, has greatly differcnt options. The
discussion in this review focuses on completed clinical
studies and their implications for understanding the
cause or causes of PD. This topic has been the subject of
several reviews in recent years, including evidence-based
therapeutics assessments by a subcommillee of the
American Academy of Neurology* and by a task force of
the Movement Disorder Society.™®

Symptomatic treatment of PD has obvious endpoints,
including those rated by ecvaluation of disabilities,
changes in motor features, onset of dyskinesias or motor
fluctuations, and quality of life assessments, With respect
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o discase modification in PD, however, the measure of
an clfective treatment outcome is less clear, Underlying
the design of clinical trials for neuroprotection in PD is
an ongoing search for a compelling conceptual defini-
tion,

Several recent reviews have expounded on the variet-
ies of neuroprotective agents and possible mechanisms
for intervening against ncuronal loss in the substantia
nigra pars compacta (SNpc),” which is the presumptive
definition for most researchers. Neuroprotection can be
defined from a clinical perspective: halting or slowing
the emcrgence or worsening of disability in everyday
activities, diminishing the declinc of ratings focused on
distinctive parkinsonian features, or avoidance of spe-
cific clinical milestones (such as the perceived need for
starting dopaminergic therapy). The lakter endpoint, de-
spite its apparent imprecision, has proven o correlate
well 10 more objective ratings of parkinsonism and was
used as the primary endpoint in the first clinical trial of
neuroprotection, the DATATOP study (Deprenyl and
Tocopherol Antioxidative Therapy of Parkinsonism). ™1
The “need for initiation of dopaminergic therapy” has
also served as a primary or sccondary endpoint for sev-
eral additional investigations. Other studies have uscd
specific ratings of parkinsonian signs and symptoms (in-
cluding timed tests or neuroimaging of the dopaminergic
system in the brain) for the measure of therapeutic ef-
fectiveness,

Regardless of the clinical investigative tools used, re-
searchers must recognize that the worsening of parkin-
sonian symptomatology may not be a direct reflection of
what is occurring at a cellular or neurochemical level,
For example, there is no ¢consensus that neuroprotection
needs to be a therapeutic intervention that would prevent
the development of Lewy bodies, the pathological hall-
mark of PD. Furthermore, observed changes in parkin-
sonian features over time might have alternative expla-
nations besides the continuing death of additional
dopaminergic neurons, Changes that might appear to
represent the declining number of SNpc neurons include
such alternative explanations as metabolic compromise
among the surviving neurcnal population (such as the
well-documented finding of impaired mitochondrial
function'""'?). Alterations in the structurc of dopamincr-
gic nerve terminals'? or foss of cellular viability because
of impaired protein folding or tarnover'® are also mech-
anisms that can explain worsening of parkinsonism with-
out necessarily invoking additional neuronal death,

Another possibility for explaining the worsening of
clinical symptomatology includes the gradual loss of
compensatory responses in remaining SNpc neurons that,
initially, were able to increase dopaminergic output.'?
Progressive loss of SNpc dopaminergic neurons is, of
course, a well-defined pathological outcome in PD that
corrclates with diseasc sevcrity’; however, cven this ob-

vious target for a biomarker has proven to be problem-
atic. At presen, it is difficult for clinicians to link wors-
ening in clinical statc with declinc in the SNpe
population. The ELLDOPA study'® (a recent clinical
trial described further in the section on dopaminergic
drugs) exemplifies this quandary, in that a ncuroimaging
marker of the SNpe dopaminergic nerve lerminal popu-
lation provided results opposite to the clinical obscrva-
tions of the study.

Although the ideal neuroprotective treatment would be
100% cffective, partial control of progression or preven-
tion of various undesired outcomes of advancing PD (for
example, development of dementia) need to be envi-
sioned in conceptualizing neuroprotection. Clinical trials
for neuroprotection have used various criteria for gaug-
ing a clinically meaningful outcome, but the problem of
defining effective neuroprotection has more fundamental
challenges.

Since the 1980s, a rating for cataloging and guantifly-
ing parkinsonian severity has gained widcspread accep-

-tance for neuroprotection studics. The Unified Parkinson

Disease Rating Scale!” (UPDRS) is especially uscful in
this regard, because untreated PD patients tend lo show
near-linear decline in scores over several years,®!"!®18
If the pattern of worsening in a particular study is not
linear over time, various methods have been developed
for analyzing such nonlinear changes."”

One problem posed by the UPDRS is that its score
consists of summed descriptive ratings that may be rela-
tively insensitive to small changes in clinical state. This
is especially problematic for subjects with mild features
of parkinsonism, as typically enrolled in a ncuroprotec-
tion study. The UPDRS is currently undergoing revi-
sion,?® but the updated version will nat necessarily en-
hance sensitivity to small changes in clinical progression.
Purely quantitative methods seem to be desirable, espec-
ially those targeting slowed movements, which is often
regarded as the core feature of parkinsonian disability. In
the DATATOP study, a quantitative measurement of
motor performance, the timed Purdue pegboard task of
motor dexterity, was investigated® '*; however, such test-
ing did not provide any clear advantage aver the results
of UDPRS ratings as an indicator of discase progression
or disability.

Surrogate markers of PD progression have been
sought as alternative to clinical rating. Neuroimaging of
the dopamincrgic system with a labeled levodopa analog
((*F]fluorodopa) with positron cmission tomography
(PET) or ligands of dopamine {ransporter uptlake sites
with single photon cmission computed tomography
(SPECT) have been incorporated into scveral of the clin-
ical studics. Although these neuroimaging techniques of-
fer scientifically compelling views of dopaminergic
function in PD and can also offer near-linear changes
over time, their potential susceptibility w0 arteiactual
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changes continucs to be controversial.2'*#* Evaluating
impairment of the motor network using metabolic maps
from ["*F]fluoro-2-deoxyglucose PET is a newly devel-
oped approach to view worsening in the PD brain, >
Beyond imaged dopaminergic nigrostriatal pathways, the
search for other indirect indicators of discase progression
has not led to reliable bicmarkers in the living PD pa-
ticnt.

One methodological approach that has been incorpo-
rated into recent PD neuroprotection research has been
the so-called “futility trial”. This study design, used cx-
tensively in cancer therapeutics rescarch, offers one
means for economy in the initial stages of drug explora-
tion.®® Several recent PD neuroprotection trials havce
used this study methodology, including four treatments
investigated in a consortium program called Neuropro-
tection Exploratory Trials in Parkinson's Discase (NET-
PD), funded and direcicd by the NIH National Institute
of Neurological Disorders and Stroke.* Compared with
conventional clinical trials for PD trcatments, a study for
testing a predetermined threshold of futility is designed
and powered to rule out the need for further investigation
of & therapeutic intervention. If initial results indicale
that such a study does not reach a statistically significant
endpoint of futility to proceed further, then its alternative
conclusion will be thal a morc extensive efficacy inves-
tigation is warranted. Given the large number of possible
PD ncuroprotective interventions under consideration,’
the futility trial approach offers the potential for achicv-
ing a faster pace in clinical research.

Several categories of potentially neuroprotective treat-
ments have been investigated with pharmacological in-
terventions. Discussion of neuroprotection studies with
compounds possessing neurotrophic properties, such as
GM1-panglioside and recombinani glial cell line-derived
neurotrophic factor (liatermin; Amgen, Thousand Oaks,
CA) can be found in an accompanying article.”’

MONOAMINE OXIDASE INHIBITORS

Selegiline (deprenyl)

It has been more than Llwo decades since the start of the
first clinical trials 1o evaluaie polential neuroprotectlive
trcatments. Researchers in the 1980s were cspecially fo-
cused on the possibility that oxidative stress contributed
to the initiation and progression of PD. Oxidative stress
affecting SNpc neurons was cnvisioned to be the most
likely factor causing progressive neuronal loss.*® The
selective vulnerability of dopaminergic SNpc neurons
and their tcrminals in the striatum was hypothesized to
be linked to a number of pro-oxidant factors, among
them the local presence of reactive iron and meclanin,
which promote the generation of free radicals.®® The
ability of dopamine to aute-oxidize to compounds acting
as oxyradicals provided another possibility for toxicity
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related to this neurotransmitter. Finally, the catabolism
of dopamine by monoamine oxidase (MAQ) was thought
to be a means for gencrating potentially toxic byprod-
ucts. At sites within neurons and in nearby glia, the
wrnover of dopamine by MAQ yields the hydroxyl rad-
ical and other reactive oxygen species.’®

With the intention of blocking the formation of
oxyradicals resulting from dopaming metabelism, scv-
cral clinical investigations targeting MAO were initiated.
In each instance, the compound chosen to inhibit this
pathway was sclegiline {also known at the timc as de-
prenyl), an MAO inhibitor selective for the type B iso-
mer when administered at a dose up to 10 mg/day. Sele-
giline is an irreversible (suicide-type) MAO-B inhibitor.
Becavse MAO-B was thought to be the primary pathway
for dopamine catabolism, inhibiling the ofher isomer of
MAO (MAO type-A) did not scem o be necessary for
significantly limiting dopamine turnover in the striatum
and, consequently, gencration of oxyradicals,

In the mid-1980s, threc studies werc conducted to
address the possibility that selegiline was ncuroprotee-
tive in PD. The largest of these, DATATOP, was initi-
ated in 1987 and had been planned to be conducted over
2 years after the recruitment of all 800 subjects,” This
placebo-controlled, double-blind study also involved a
treatment arm in which another antioxidant, o-tocoph-
erol, was also administered in a 2 X 2 factorial study
design (sec further under Antioxidant Strategies). For the
DATATOP study, the hypothesis was that chrenic sele-
giline would lessen oxidative siress generated from do-
paminc turnover. The result in the environment of the
SNpc ncurons presumably would be less damage and
less loss of these neurons, with concomitant slowing
progression of PD. Participants in the DATATOP study -
were subjects with mild (“early”) clinical features of PD
and no current need for symptomatic treatment of par-
kinsonism. The clinical outcomes of these pharmacolog-
ical interventions were repealed outpatient assessments,
at which timc subjects were assessed for the need to
initiate symptomatic dopaminergic therapy because of
emerging disability. Subjects also underwent objective
ratings of PD disability and clinical features using the
UDPRS, and mecasurements of CSF dopamine metabo-
lism markers were made at the start and end of the siedy.

Although the plan was for breaking the “blind”™ at 24
months, the DATATQOP study protocol was altercd mid-
way in the first year becausc a major treatment effect was
detected through an interim analysis.”'" The selegiline
treatment group, after a mean of 12 * 5 months, was
found to reach the endpoint of the study at significantly
lower rates. The need for dopaminergic treatment oc-
curred for 176 of 401 subjects receiving placebo, com-
parcd with 97 of 399 selegiling-treated subjects (p <
1073, as evaluated by Fisher's exact Lest for the propor-
tions of subjects rcaching the study endpoint). A Kaplan—
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Meier analysis for sequential occurrences of endpoints
revealed that selegiline reduced the risk for necding dop-
aminergic treatment by approximatcly half of the rate
with placebo, Another finding from the DATATOP study
was that treatmentl with sclegiline lowered the risk for
eventually developing freezing of gait. !

This ¢onclusion changed a fcw months later. Subse-
quent Kaplan—Meier analysis showed that thc mean scle-
giline endpoint did not differ from that of placebo cven
though, earlier in the trial, there had been a robust dif-
ference. This paradox was explored in a number of ways
post hoc, without a clear cxplanation, One possibility
was that sclegilinc conferred a small but detectable
symptomatic anti-parkinsonian effect that persisted be-
yond its 4-week washout.*® To test for this possibility,
the protocol was modified to include a staggered washout
of selegiline to investigate the effects on the clinical
state. The conclusion was evidence that selegiline con-
tinued o exert some improvement of parkinsonian fea-
tures at 4 weeks and beyond, Hence, determination of
ncuroprotective effcct may have been confounded by this
mild but significant symptomatic action, the magnitude
of which may have changed over time. Other issues
uniquely faced by the DATATOP trial include its novel
primary endpoint (“need for dopaminergic therapy™)
which, though correlated to GPDRS scores,”'” may have
been mfluenced by various investigator or subject bia-
ses.*® The DATATOP study has generated considerable
interest and continuing controversy X

Two other small-scale double-blind studics evaluated
selegiline monotherapy in a similar manner,***” Both
involved 54 untreated PD subjects randomized to receive
placebo or sclegiling, 10 mg/day. The study by Tctrud
and Langston™® found that selegiline slowed the rate of
progression in UPDRS ratings by approximately half and
without exerting detectable symptomatic anti-patkinson-
ian cffects. With respect to the perceived need for start-
ing dopaminergic therapy (levodopa) in the study partic-
ipants, the group receiving placebo went for an average
of 312 days before reaching that point, compared with
549 days for the subjects receiving sclegiline. The study
conducted by Myllyli et al>? found that the selegiline-
treated subjects also had a significant delay in their de-
termincd need for lcvodopa treatment (median interval;
545 % 90 days), compared with the placebo proup
(327 * 28 days). This study also indicated that parkin-
sonian disabilities in the selegiline-treated subjects
tended to remain milder for up to 12 months; however,
the advantage seen with selegiline was lost, in a manner
similar to that seen in the DATATOP study.

Selegiline treatment outcomes were also evaluated by
the Swedish Parkinson Study Group.*® This study ran-
domized 157 de nove PD subjects between treatment
arms of selegiline monothcrapy (10 mg/day) or placebo
in a double-blind manner, Follow-up at 5 years revealed

that selegiline significantly delayed the need for starting
dopaminergic treatment.’” Tn contrast to the other sele-
giline studies mentioned, this wrial vsed an 8-week wash-
out of selegilinc, to climinate possible symptomatic
effects of MAQ-B inhibition. Clinical outcomes for scle-
giline monotherapy or combined therapy with levodopa
appeared to be improved, compared with treatment with
placebo, although such studies present the challenge of
sorting out symptomatic effects from neuroprotection.
Finally, a morc recent randomized double-blind study of
placebo or selegiline involving 163 PD subjects indi-
cated that less disease progression developed for subjects
who were receiving the MAO-B inhibitor.*® Thus, con-
siderable evidence seems to support a disease-modifying
effect of selegiline. Nonetheless, the 2004 update of the
Movement Disorder Socicty's task force assessing PD
treatments and the American Academy of Ncurology
subcommitice addressing this matter concluded that
available evidence of selegiline helping to prevent clin-
ical progression of PD was insufficient.*

The MAQ-B inhibitory property of selegiline was the
initial basis for its consideration in clinical trials of neu-
roprotection. Unrelated (o this effect is cvidence in sev-
eral models of neuronal injury suggesting that the sele-
giline metabolite desmethylselegiline has additional
pharmdacological properties similar to those of neurotro-
phins.*!

Lazabemide

The initial results with selegiline prompted consider-
ation of additional MAQO-B inhibitors as potential neu-
roprotective agents, Lazabemide differs from sclegiline
in several properties: it is a reversible inhibitor of MAG
that has greater selectivity for the type B enzyme versus
type A and undergoes rapid ¢learance after discontinua-
tion, Furthermore, lazabemide is not a propargylamine
compound and is not metabolized to amphetamine.****
The various studies of selegiline as a disease-modifying
therapy had to contend with the possibiiity of several
potentially confounding factors, especially the possibility
that symptlomatic effects gave the appearance of arrest in
disease progression. Even though p-amphelamine metabh-
olites of selegiline were regarded as unlikely to confer an
anti-parkinsonian cffect, this possibility remained unan-
swercd. Because lazabemide could be washed out in a
short time, this drug provided an opportunity to evaluate
the effect of MAO-B inhibition versus other pharmaco-
logical properties that seemed to confound the selegiline
studies.

Initial studies with lazabemide in otherwise untreated
PD subjects revealed that its symplomatic cffects were
similar to those of selegiline.*2%® Next, a trial assessing
its possible neuroprotective actions was conducted in a
randomized, double-blind study lasting up to 1 year.*
This placcbo-controlled investigation cnrolicd 321 PD
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subjects who were not receiving symptomatic therapy
and who received cither placebo or lazabemide (dosage
range, 25-200 mg/day). The smaller number of subjects
enrolled, compared with the DATATOP trial, was based
on considerations of study power necded to achieve clin-
ically meaningful rcsults against the natural history of
PD progression. In this study, the primary endpoint was
the samc as thec DATATOP trial (the determination of
functional disability necessitating the start of symptom-
atic therapy with levodopa or an equivalent therapy).
After 12 months of lazabemide treatment, the outcome
was closely similar to the findings of DATATOP. Al-
though lazabemide provided only a small improvement
in total UPDRS score at 6 months into the study (~2
units), the repecated assessments of need-for-levodopa
endpoint were subjected to a Kaplan—Meicr analysis and
it was found that the drug reduced this outcome by 51%
(p = 0.008)*

The implications of the Parkinson Study Group trial,*
taken together with the results of the various sclegiline
trials, were that MAQO-B inhibition {(and not the addi-
tional pharmacological properties of selegiline) was te-
sponsible for the delay in reaching the need for the siart
of dopaminergic treatment and for relative improvements
in the overall worsening of UPDRS scores. The lazabe-
mide study provided a better opportunity for conducting
a valid comparison of baseling to post-treatment PD sta-
tus after drug washout and lacking the possible carryover
of anti-parkinsonian effcct (which continued with scle-
gilinc even scveral weeks aficr washout).'® Despite the
positive findings of this study, the study sponsor chose
not to continue devclopment of lazabemide for PD.

Rasagiline

Rasagiline is a highly sclective MAO-B inhibitor. It
shares, with selegiline, a propargylamine structure and
irreversible inhibition.*® Rasagiline enhances release of
dopamine, in addition to retarding its catabolism, and
antagonizes threc cellular processes that are involved in
the cascade of events leading to apoptosis: intranuclear
translocation of the glycolytic enzyme glyceraldehyde-
3-phosphate dehydrogenase, induction of bel-2, and ac-
tivation of mitochondrial permeability transition,*®4?
Another effect seen in experimental modeis of parkinso-
nian degencration is averting apoptosis by means of in-
ducing GDNF. Rasagiline also blocks actions of an cn-
dogenous neurotoxin that is a condensation product of
oxidized dopamine, N-methyl-(R)-salsolinol. Animal stud-
ies have shown funclional recovery is elicited by rasagiline
even when administered afier exposurce to the neurotoxin
I-methyl-4-phenyl-1,2,3 6-tetrahydropyridine (MPTP).*®

The TEMPO trial*® (Rasagiline Mesylate [TVP-1012]
in Early Monotherapy for Parkinson’s Disease Outpa-
licnis) was conducted in 404 early, untreated PD patients
for 26 weeks as a randomized, double-blind, placcho-
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controlled clinical trial using rasagtline at doses of 1 and
2 mg/day. The primary cfficacy measurc was the net
change in total UPDRS score from bascline to 6 months;
a secondary endpoint, similar to that of the DATATOP
study, was the need for starting levodopa because of
advancing disability. A novel feature of this study was its
delayed-starl design, used in an effort (o differentiate the
symptomatic effects of MAGQ-B imnhibition from its pos-
sible ncuroprotective actions. This differentiation was
determined in the second 26-week phase of the study, in
which the group initially receiving placebo was switched
to rasagiline, 2 mg/day.

In the first phase of the study, both rasagiline doses
produced similar symptomatic bencfits—improvement in
UPDRS scores. The placebo group did not lessen their
score. The scparation between the rasagiline and place-
bo-treated groups conlinued through the 26-week study
(p = 0.02). Once receiving rasagiline, after 6 months, the
group initially receiving placcho expericnced a similar
degree of symptomatic cffect as did the group initially
recciving the drug, however, the delayed-start group
never caught up to the level of UPDRS improvement in
the group initially receiving rasagiline. This latter obser-
vation suggests more than a symptomatic effect. After 12
months of continued rasagiline treatment, the group ini-
tially receiving the active drug continued to maintain the
same degree of improvement over the delayed-start
group.

The rcsults of the TEMPO trial were thus in favor of a
disease-modifying action, Qver the first 6 months of the
study, both doscs of rasagiline yielded similar improve-
ments, approximately 4 UPDRS units (p < 0.001). In the
DATATOP trial, sclegiline-trecated  subjects  also
achieved an cffect of approximately this magnitude at 6
months.”'? Unlike DATATOP, however, a Kaplan—
Meier survival analysis of TEMPO did not find a statis-
tically significant difference between placebo and either
rasagiline dose for the secondary endpoint (delay in the
need for starting levodopa or a comparable treatment for
emerging parkinsonian disability). During the 6-month
trial, 23 of 138 subjects in the placebo group (16.7%)
reached the secondary endpoint of need for levodopa
therapy, compared with 15 rasagiline-treated subjects
{11.2%) recciving 1 mg/day and 22 recciving 2 mg/day
(16.7%). The TEMPO study also reported that both
doses of rasagiline gave a statistically significant im-
provement in PDQUALIF ratings (a quality of life inea-
sure), and in the UPDRS Parts 2 and 3 (Activities of
Daily Living and Motor subscales).*®

As a follow-up to the TEMPO study, a larger scale and
longer randomized, placebo-controlled investigation of
rasagiline monotherapy (1 or 2 mg/day) in approximately
1100 subjects with mild PD is underway. This study,
termed the ADAGIO trial (Atlenuation of Disease Pro-
gression with Rasagiline Once-Daily), will also apply a
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delayed-start design in an cffort to differentiate the pos-
sible discasc-modifying cffects conferred by 36 weeks of
initial rasagiline trcatment. The sccond phase of the
study, in which subjects initially receiving placcbo will
be randomized to rasagiline at 1 or 2 mg/day, will also
last 36 weeks. Results are pianned to be reported later in
2008.

The effectiveness of selegiline, lazabemide, and rasa-
pilinc as disease-modifying agents provides a focus on
their shared property of MAQO-B inhibition. Additional
potentially  protective  pharmacological properties of
propargylamine compounds that are unrelated to
MAQ-B inhibition, however, have also been shown in
laboratory models of neurodegeneration through apopto-
sis.*”" Whether another MAQ-B inhibitor currently un-
der development, safinamide,”' might also possess dis-
ease-modifying effects remains 0 be studied. A
compound derived from the structure of selegiline,
TCH346, was studicd as a possible neuroprotectant in
PD but yielded negative results™ (discussed under An-
tiapoptotic Compounds).

DOPAMINERGIC DRUGS

Although developed for their symptomatic actions in
PD, scveral drugs with dopaminergic properties have
also provided evidence for a neuroprotective effect. In
support of disease-modifying cffects are randomized
clinical studics conducted with two dopaminergic ago-
nists, pramipexole (CALM-PD)**>* and ropinirole
(REAL-PET),*® and a study investigating levodopa
(ELLDOPA).'® In a study planncd to evaluate possible
diseasc-modifying cffects from 3 years of pergolide ver-
sus levodopa treatments (PELMOPET: Pergolide versus
L-dopa as Monotherapy and Positron Emission Tomog-
raphy),”” the disease progression analysis could not be
performed because of noncompliance on the part of in-
vestigators and research subjects; subsequently pergolide
was withdrawn from the market. Another randomized
controlled clinical trial (CABASER 09 study), investi-
gating possible disease modification by cabergoline, has
been reported to have shown benefits of this dopaminer-
gic agonist, compared with levodopa therapy, although
its results have not appeared as a peer-reviewed publi-
cation.

The first clues suggestive of beneficial effects of do-
paminergic agonists on neurcns came from a smdy in
rats, in which daily oral intake of pergolide lessened
age-related attrition of SN npeurons.®® Studies with
pramipexole have demonstrated a number of potentially
protective actions against oxidative stress and the influ-
cnce on dopaminergic neurons of various experimental
toxins, including methamphetamine, 3-acetylpyridine,
6-hydroxydopamine (6-OHDA), and MPTP.*7"% The
mechanisms contributing to the protective actions of

pramipexole have not been defined, although activation
of the D3 dopamine receplor was suggested from one
study® and blocking the cascade of apoptosis in others.
These lauer effects appeared to be derived from en-
hanced expression of bcl-2 protein in neuronal dendritic
processes or to other actions vnrelated to the dopaminer-
gic actions of the drug.™®®7!"2 Furthermore, studies
investigaling a stereoisomer of pramipexole that is inac-
tive at dopamine rcceptors have shown it exerts neuro-
protective propertics.* In mice, the dopamincrgic ago-
nist ropinirole also cnhances mechanisms against
oxidative stress and excris a protective aclion against
6-OHDA-induced loss of nigrostriatal dopaminergic pro-
jections.” Taken together, the implications of these stud-
ies are that dopaminergic agonists, either on the basis of
dopaminergic stimulalion or other properties, can act to
mediatc recovery of dopamincrgic nigrostriatal ncurons
from the effects of various toxic mechanisms.

The neuroproicctive implications of the laboratory re-
search with dopaminergic compounds have inspired sev-
eral clinical trials, and the question of the effects of
levodopa an discase progression prompted formal analysis
by means of a controlled clinical study. The challenge in
conducting such studies of discase modification is to sepa-
rate the confounding symptomatic effects. Onc approach
has been to rely on a surrogate biomarker specific for de-
generation in dopaminergic nigrostriatal projections. For
this purpose, two major techniques have included the use of
neurcimaging: positron emission tomography (PET) with
['®F}flucrodopa, and SPECT with the labeled dopamine
transporter ligand [*#*I]2B-carboxymethoxy-3B(4-iodophe-
nyl)lropanc) ([l23l]_ﬁ_CIT)_IS.2l-23.74

With use of these techniques, disease progression can
apparently be inforred even when PD patients continue to
receive symptomatic therapy. In cach instance, the as-
sumption is that caudatc and putamen images provide a
direct correlate to the number of dopaminergic projec-
tions. There are several caveats for using neuroimaging
markers as surrogates for gauging disease progression,
Foremost among these is the need to exclude the possi-
bility that dopaminergic treatments might alter the
[**F]fiucrodopa uptake (with PET) or dopamine trans-
porter binding (with SPECT} in a manner that would
prevent a valid comparison with a subject’s baseline
status.??

Pramipexole

The CALM-PD trial (Comparison of the Agonist
Pramipexole with Levodopa on Motor Complications of
Parkinson’s Discase) randomized 301 mildly affected
PD subjects between regimens starting with either levo-
dopa or pramipexole.’*> 1f needed, supplemental levo-
dopa could also be used. CALM-PD participants under-
went evalualions of antiparkinsonian efficacy and
development of motor fluctuations for up to 4.5 ycars, A
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group of 82 subjects underwent SPECT neuroimaging
using the labeled dopamine transporter ligand [12311-8-
CIT, planned for three post-treatment time points up to
46 months aftcr baseline asscssments.>® The results of
SPECT studies demonstrated less decline in striatal do-
pamine transporter binding for the group initially ran-
domized to pramipexole, compared with subjects as-
signed to levodopa treatment. In comparison with
baseline scans, ['2*I)-B-CIT SPECT imaging revealed
reductions in dopamine transporter binding of 7.1 X
9.0% versus 13.5 *# 9.6% at 22 months, 10.9 £ 11.8%
versus 19.6 = 12.4% at 34 months, and 16.0 = 13.3%
versus 25.5 * 14,1% at 46 months (means £ SD; all
p-values = 0.01). The diminished rate of decline in the
pramipexole-treated group suggested a prolective action
(although, allernatively, levodopa treatment might have
accelerated disease progression).

The lack of an unireated control group has hampered
interpretation of CALM-PD results, as have lingering
concerns that the dopaminergic treatments might have
pharmacologically altered binding of ['**1]-8-CIT.*"-**
Clinical ratings conducted after a pramipexole or levo-
dopa washout of at least 12 hours permitted measure-
ments of UPDRS scores in an unmedicated state. These
showed no differences between the two groups; however,
the short duration of washout for these symptomatic
treatments is likely Lo have been inadequate for valid
comparisons to bascline. Many of the subjects originally
assigned to pramipexole monotherapy eventually added
levodopa to their treatment regimen. The results of the
pramipexole-only trcatment subgroup have not been re-
portcd, Furthermore, some of the subjects had initial
{'#1)-B-CIT binding density that was not typical of a
diagnosis of PD, but these subjects were not excluded
from the analysis.

Ropinirole

Two investigations were conducted to compare out-
comes of ropinirole and levodopa treatment in PD sub-
jects. The first involved 45 PD subjects randomized to
either levodopa (up to 1200 mg/day) or ropinircle (up to
24 mg/day).”™ ["®F)fluorodopa PET studies of tracer up-
take by the putamen were conducted for comparison with
bascline scans. Aficr 24 months, the reduction in uptakc
was 13% for the 28 ropinirole-treated subjects, compared
with an 18% reduction for the 9 receiving levodopa.
These changes were not statistically significant, and the
study was underpowered for detecting a difference.

The REAL-PET trial (ReQuip [ropinirole] as Early
Therapy versus L-Dopa—PET) randemized 86 mildly af-
fected PD subjects to initial monotherapy regimens of
either levodopa or ropinirole.® Unlike the CALM-PD
study, the REAL-PET study used the baseline results to
validate the diagnosis of PD. Il subjects lacked evidence
for ['®F]fluorodopa PET ncuroimaging changes typical
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of PD, their imaging data were excluded from analysis.
The ropinirole-treated group showed evidence for less
discase progression than the levodopa group. Over the
2-year study interval, the ropinirole group’s change from
bascline in [!*F]-fluorodopa uptake in the putamen was a
13% loss in label uptake, compared with a 20% reduction
in the group randomized to levodopa (p = 0.022),

With statistical parametric mapping, two brain regions
of interest were used to detect significantly slower dis-
ease progression with ropinirole. Imaging of the putamen
showed a 14% reduction in disease progression with
ropinirole treatment, compared wilh a reduction by 20%
for treatment with levedopa alone (p = 0.034). Elsc-
where in the brain, imaging in the substantia nigra for the
ropinirole group revealed a +3% change with rapinirole,
compared with reduction by —8% with levodopa (p =
0.035). Overall, these results support a diseasc-modify-
ing cffect of ropinirole. As for the CALM-PD study. an
alternative conclusion could be that levodopa treatment
had a discase-accelerating effect.

If both ropinirole and pramipexole did cxert a neuro-
prolective action, the similar study results support the
possibility of a “class effect” conferred by dopaminergic
agonists but not levodopa. Several revicws of these dala
have cited the need for further validation of the technique
and an untrealed control group before meaninglul con-
clusions can be drawn. The effects of levodopa were
especially inriguing, and sel the stage for sludy of its
influgnce on progression of PD.

Levodopa

Long-standing concerns that levodopa might be neu-
rotoxic have been difficult to evaluate because of the
pervasive use of this drug as a chronic symptomatic
therapy. Levodopa generates oxyradicals and bas other
possible mechanisms for causing neuronal degencration,
suggesied by in vitro experiments showing the genera-
tion of an excitotoxin, trihydroxyphenylalanine,”® and
the neurotoxin 6-OHDA.?? Nonctheless, cvidence is
lacking for levodopa toxicity in the treatment of PD
paticnts.” Because levodopa has antioxidant effects in
the striatumn,” there has also been a rationale to cxplore
a beneficial cffect.

The possibility that levodopa might have a discasc-
modifying effect was investigated in the ELLDOPA trial
(Earlier versus Later Levodopa), conducted over 40
weeks.'® Three daily intake regimens (150, 300, and 600
mg/day) of levodopa or placebo were administered to the
361 randomized, mildly affected PD subjects. After 40
weeks, subjects underwent a 2-weck washout of study
medication for comparison with basclinc status. Clin-
ical ratings supported an apparent protective cffect of
levodopa, compared with placcho. UPDRS total scores
revealed a mean difference belween baseline and ond-
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of-study ratings of 7.8 units for the placcbo group of
1.9 units at 150 mg/day, 1.9 units at 300 mg/day}. and
—1.4 units at 600 mg/day (all comparisons., p <
0.001), These findings were compatible with a dose-
related bencficial discase modification, However, in-
terpretation of the data required that all symptomatic
actions of levodopa were cffectively washed out. This
assumption, though reasonable, was quesiioned by
analysis of data from the levodopa-treatment exien-
sion of the DATATOP study, which concluded that a
2-week washout of levodopa may be inadequate to
eliminate all anti-parkinsonian effects.’® The latter
study concluded that a neuroprotective effect of levo-
dopa treatment seemed likely.

The results of this study were further confounded by
neuroimaging results. An ELLDOPA subsel of 142 sub-
jects underwent ['**1]-B-CIT SPECT neuroimaging, to
assess change in striatal dopamine transporter density
between baseline and week 40. Although the clinical
resulls suggesied dose-related reduction in diseasc pro-
gression, the ['2*1)-8-CIT results suggested just the op-
posite, The data revealed the mean percent-decline was
significantly greater during levodopa treatments than
with placebo, which declined by 1.4% during the trial.
Reductions among the various levodopa doses were 6%
(150 mg/day), 4% (300 mg/day), and 7.2 % (600 mg/
day). Excluded from the analysis were 19 subjects with
no dopaminergic deficits on the baseline SPECT scans
(and, hence, only clinical evidence for the diagnosis of
PD). The reason for their exclusion was the presumption
that the mild parkinsonian features they exhibited did not
represent true PD, despite the clinical impression of an
experienced PD specialist who enrolled these subjects. A
post hoc analysis of the ELLDOPA data including only
subjects with haseline SPECT data compatible with PD
found that the 600 mg/day levodopa regimen yielded the
greaiest reduction in ['**1]-B-CIT binding.

Parkinsonian subjects with normal dopamine trans-
porter sile density (constituting 13% of the total group
studied by ['#'1)-8-CIT SPECT) provide an important
insight into neuroprotective trials that use only clinical
criteria for the choice of appropriate study candidates.
The apparent dose-related worsening of PD (as judged
by the increased severity of the nigrostnatal lesion on
(12*1).A-CIT neurcimaging) suggested an effcct opposite
to the clinicat obscrvations. Concerns that chronic levo-
dopa usc might modify the number of sites or binding
propertics at the dopaminc transporter was not supportcd
by an investigation of ['2*1]-8-CIT SPECT imaging after
Icvodopa washout.™ However, the simple question as to
whether levodopa has an influcnce at slowing or accel-
crating the progression of PD will require further analy-
sis beyond the ELLDOPA study.

ANTIOXIDANT STRATEGIES

The theme of the DATATOP trial was prolcction
against the generation or actions of oxyradicals.*'" Al-
though several compounds with antioxidant properties
have been considered for clinical investigation, only
a-tocopherol has undergone testing. Coenzyme Q,, and
creatine (discussed in the next section) also may confer
antioxidant actions, in addition to their other intended
effects on mitochondrial complex I metabolism, a-To-
copherol, a chain-breaking antioxidant that enters into
lipid-soluble cellular regions such as biological mem-
branes, acts by quenching oxyradical species. There is no
evidence for deficiency of a-tocopherol in PD, and se-
vere deficiency states do not lead to parkinsonism. Nev-
ertheless, this naturally occurring antioxidant offered a
safe and promising option for testing the hypothesis of
oxidative stress in (he pathogenesis of PD.

The notion of using antioxidant vitamins (vitamin E
3200 TU/day and vitamin C 3000 mg/day) as potcntial
neuroprotectants was tested initially in an open-label
study. No conclusions as 1o effectiveness were drawn.*!
In the DATATOP study, 800 enrolled subjects were
randomized to regimens of placebo, 2000 IU of a-to-
copherol daily, selegiling, and both a-tocopherol and
selegiline. in a 2 X 2 factorial design.*"'" The 400 sub-
jects receiving a-tocopherol or matching placebo were
followed for 2 years without breaking of the study
“blind” (even though the selegilinc-placebo portion of
the DATATOP study was prematurely ended, and most
subjects swilched to open-label seiegiline}. On the basis
of the same study cndpoints uscd to asscss the cffect of
selegiling, there was no evidence for a disease-modifying
effect.'’

MITOCHONDRIAL ENERGY ENHANCEMENT

One of the few systemic markers discovered for PD is
that of altercd mitochondrial function. Mitochondria of
SN, platelets, and skeletal muscle in PD possess reduced
activity of the first step of the mitechondrial electron
transport chain, complex 1.'"*'? This is also found in
parkinsonism associated with mutations of the PINK]
and PARK7 (previously DJ-I) genes.*® An animal model
of parkinsonism can be created by mcans of roicnonc, a
toxin that which sclectively inhibits the electron chain
functions of mitochondrial metabolism at complex L It is
not known whether this abnormality contributes to
pathogencsis, or is mercly an epiphenomenon (also
found in several other neurodegenerative disorders)'%;
however, this well-validated finding prompted therapeu-
tic interventions that might enhance the activity of mi-
tochondrial complex 1. Coenzyme Q,q (also known as
ubiguinonc) is an essential cofactor serving as an clec-
wron acceptor lor mitochondrial complex 1. Coenzyme
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Q10 is also a potent antioxidant in lipid membranes and
mitochondria. Several studies have provided evidence
for its potential in averting progression of PD.58¢

Another pharmacologic strategy for targeting the de-
fect in mitochondnal complex 1 is the augmentation of
brain creatine concentration. Creatine scrves as a precur-
sor for conversion to the energy intermediate phospho-
creatine, which in mitochondria transfers phosphoryl
groups for ATP synthesis. The effect of increasing cre-
atine intake is an cnhancement of phosphocreatine for-
mation. Ultimately, the result is reduction in oxidative
stress through stabilization of mitochondrial creatine ki-
nase. Creatine kinase is involved in inhibiting the open-
ing of the mitochondrial transition pore (a2 mechanism
involved in initiating apoptosis). Hence, the potential
improvement of mitochondrial metabolism and down-
regulation of a putative neurodegenerative mechanism
could be the result of supplementation with creatine.
Only limited preclinical evidence has guided decisions to
20 abead with creatine clinical trials in PD.'"'® For mice
treated with MPTP, supplementing their diet with crea-
tine for 2 weeks before administration of the neurotoxin
led to Jess damage to dopaminergic SN neurons.*®

Coenzyme Q,,

A clinical trial was completed for coenzyme Q, 4, using
dosages of 300, 600, and 1200 mg/day. This placebo-
controlled, randomized investigation enrolled 80 other-
wisc untrcated PD subjects for 16 months of study drug
administration. The primary endpoint was the perceived
need for the siart of levodopa, and a secondary endpoint
was change in UPDRS score. A positive outcome was
found for subjects recciving 1200 mg of cocnzyme @
per day (but not the 300 and 600 mg/day regimens). This
consisted of an improvement of 6.7 points {p = 0.0416)
in the adjusted mean score for total UPDRS score. The
comparison with placebo treatment was not statistically
significant, although a prespecified endpoint of a positive
trend was achieved.'® Review of the data rcvealed that
most of the benefit observed with the highest dose of
coenzyme Q , was derived from its effect on the score
for UPDRS Part 2—-Activities of Daily Living, rather than
to improvement in the motor examination for parkinson-
ism, UPDRS Part 3-Motor Score.

These intriguing (but underpowered) results provided
great intcrest in linking the mitochondrial clectron chain
transfer defect with a pessibly correctable mechanism for
causation of PD. Because coenzyme Q,, also has anti-
oxidant properties, other actions accounting for its dis-
case-modifying effects are plausible. The authors report-
ing these findings emphasized that further study of the
effects of coenzyme Q,, were warranted before any rec-
ommendation as to therapcutic use could be made.'® The
high dosage of coenzyme Q,, nceded for clinical trials is
a logistical problem. Improved bioavailability with new
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preparations®® will help to make subsequent studics more
feasible.

Further investigation of coenzyme Q,, was performed
in a NET-PD clinical trial using 2400 mg/day.*' That
dosc was one arm of a randomized, placebo-controlied
futility trial linked with investigation of GPI-1485. Sub-
jects who did not need and were not receiving symptom-
atic treatment of PD were randomized 1:1:1 among the
three treatment assignments, The primary outcome mca-
surc was thc change in total UPDRS scorc over 12
months from bascline to disability requiring dopaminer-
gic therapy (or not}. A number of ratings were conducted
in the testing battery in addition to the UPDRS, including
measures of depression, cognitive function, quality of
life, and disability. Five time points after baseline (1, 3,
6, 9, and 12 months) were used for the testing batlery
assessing treatment cffects. A total of 213 subjects werc
randomized to the threc trcatment arms. The mean
change in UPDRS score in the group that received co-
enzyme Q,, was 7.52 (SD: 8.87). Compared with the
presct threshold value of 7.46 for progression of PD,
found in a previous placecbo-controlled stdy of other-
wise untreated parkinsonism (DATATOP™), coenzyme
Q,, treatment could not be rejected as futile (p = 0.1).
Hence, the study recommended that an additional defin-
itive evaluation was warranted.** Tn support of this con-
clusion (but independent of the NINDS NET-PD consor-
tium), a randomized placebo-controlled clinical trial with
coenzyme Q,q in mild P} is currently underway in North
America, using a dosc of 2400 mg/day.

Futility trials offer conclusions only as good as the
guidance offered by realistic expectations of meaningful
clinical effect. With respect to the coenzyme Q,, and
GPI-1485 study,””** (he results from the placebo treat-
ment arm in DATATOP were used to create the thresh-
old for asscssment of possibte futility. However, cxplor-
atory studies of the data from the coenzyme Q4 and
GPI-1485 experience raised the possibility that investi-
gators may have applied dilTercnt standards for delermi-
nation of endpoint, compared with investigators in the
DATATOP study (which was conducted almost two de-
cades previously). In addition, if discasc progression re-
sults from the PRECEPT trial of CEP-1347% (discussed
in its own section) had instead been used as the compar-
ator for the effects of coenzyme Q,,, then this explor-
atory analysis would have suggested that a trial of coen-
zyme Qg as a neuroprotectant would be futile.

Creatine

A multicenter, randomized, placebo-controlled clinical
trial in otherwise untreated PD subjects was conducted
using creatine. This NET-PD investigation involved a
futility study design, conducted with minocycline as an-
other experimenial treatment, to learn il a larger study
would be futile for discase modification.®® The primary
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outcome determinant was change in total UPDRS from
basclinc to the first occurrence of cither 1) the time when
sufficient disability had cvolved requiring the start of
symptomatic therapy, or 2) 12 manths without the nced
for such treatment. The prespecified threshold for deter-
mining therapeutic effect was derived from raic of de-
cline in the DATATOP study in total UPDRS score over
time for subjects not receiving selegiline. A 30% reduc-
tion was chosen as the signal for a clinically meaningful
neuroprotective effect to counter a conclusion of futility
atp = 0.1,

Mildly affected and unmedicated PD subjects (r =
200) were randomized 1:1:1 among placebo and the two
treatment arms, creatine (10 g/day) and minocycline (200
mg/day). Neither intervention reached prespecified futil-
ity criteria. Although side effects occurred with each, and
mingcycling was not as well-tolerated as creatine, neither
wreatment produced serious adverse ontcomes. A meth-
odological issue (which also arose for the coenzyme Q
and GPI-1485 study™) had 10 do with the placcho-treat-
ment group chosen as a historical control for the purpose
of gauging the futility threshold endpoint from the
DATATOP study, as already discussed regarding coen-
zyme Q0.

Another placebo-controlled study evainating creatine
supplementation was conducted in 60 subjects.*” This
study differed from the NET-PD trial in that subjects
were receiving levodopa and ather anti-parkinsenian
therapy (except for sciegiline). The assessment of change
over the 2-year study was made by comparing clinical
ratings while subjects were receiving Lhe same dosages
of PD medications at the cnd of the study as were taken
initially. The rcsults of this trial revealed that the creatine
supplementation regimen (loading dose of 20 mg/day, 2
g/day for 6 months, and then 4 g/day until the end of the
study) was associated with slight benefit in the UPDRS
Part 1-Mental Status score. This improvement occurred
primarily with the singie itetn relating to depression.
Although no improvements were detected in UPDRS
Part 3—Motor Score scores, the creatine-treated subjects
tended to require less increase of dopaminergic therapy
dose over time. However, due to a number of method-
ological issues including confounding effects of symp-
tomatic therapy and the lack of standardization in dose
adjustment, the significance of these results is uncertain,
This study also used SPECT neuroimaging with a dopa-
mine transporter ligand, which revealed no treatment
effect of creatine between baseline and the end of the
study.

ANTIAPOPTOTIC COMPOUNDS

Several lines of evidence have pointed to the activa-
tion of apoptosis as a possible mechanism for neurode-
generation in PD. On this basis, the scarch for antiapop-

totic interventions led to proposals for study of three
compounds differing in how they interact with pro-ap-
optotic mechanisms. Although there has been support for
this treatment stralegy in some animal models of toxin-
induced parkinsonism, there is no consensus in the re-
search community that apoptosis is a primary mechanism
of neurodegeneration, or even a common final path-
way %

Minocycline

Minocycline has been extensively studied because of
its promise in treating neurodegenerative diseasc. In ro-
dent models of parkinsonism induced by 6-OHDA and
MPTP, pretrcatment with minocycline improved survival
of dopaminergic SN neurons.”! Minocycline inhibits the
activation of microglia, which is a prominent feature in
the brain of PD patients and in experimental neurotoxin
models.**** This drug also acts to lessen factors that
mediale apoplosis, such as caspase-1.7% Although these
properties seem (o be in lavor of minocycline providing
a possible neuroprokective effect in PD, preclinical re-
sults have not been consistent in support of this possi-
bility.*

As one of the treatment arms in the NET-PD random-
ized, double-blind clinical trial also investigating creat-
ine, minocycline 100 mg wwice daily was also evaluated
as a disease-medifying intervention subjected to a futility
analysis.®® The primary outcome measure was change in
total UPDRS score from baseline to cither a delermina-
tion of disability requiring dopaminecrgic therapy or ]
year, whichever was first. The mean change for the
minocycling group was 7.09 (SD = 8.71), compared
with the threshold value of 7.46 (70% of the historical
DATATOP study rate of UPDRS progression™'"), As a
result, the prespecified hypothesis of futility for further
study could not be rejected.*® Although minocycline is
somewhat problematic as a treatment because of side
effects and tolerability, Lhe results of this investigation
warrant considerations of additional study (with consid-
eration for the caveats expressed in recent preclinical
research).®

TCH346

Another candidate in the search for antiapoptotic in-
tcrventions was TCH346 (also designated CGP 3466 or
CGP 3466B in various publications). TCH346 is a novel
compound developed because of its shared structural
similarities with selegiline. TCH346 does not inhibit
MAO-B, however, and, unlike selegiline, is not metab-
olized (o amphelamine compounds. Tt acts to inhibit a
key step in age-induced neuronal apoptosis through bind-
ing to the glycolytic enzyme glyceraldehyde-3-phos-
phate dehydrogenase (which is a binding sitc also for
selegiline and rasagiline).**® Cell cultre studies with
PC12 and human neuroblastoma cell lines have shown
increased survival with this agent.”” In rhesus monkeys
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exposed to MPTP. near-complete protection against the
development of motor impairment was achieved when
TCH346 administration was started 2 hours after the
second MPTP infusion and continued for 2 weeks.”®
Histwological analysis revealed that TCH346 treatment
led to sparing of thc uvsual loss caused by MPTF in
dopaminergic SN neurons and their projections to the
striatum. Together with the findings from cell culture
experiments, these results were the impetus for a large
multicenter clinical trial asscssing neuroprotection in PD.
For the 301 early, untreated PD subjccts enrolled, ran-
domized treatment assignments were made to placebo or
one of three oral doses of TCH346 (0.5, 2.5, or 10
mg/day) and continued over 12 to 18 months. > After the
treatment period, each subject had a 4-week washout.
The primary siudy endpoint was time to requirement of
dopaminergic therapy because of emcrging disability.
Other outcome measures included the rate of decline in
total UPDRS scores and change in a quality of life eval-
uation (PDQ-39). Most subjects completed the trial, and
no toxicity was encountered. Qver the course of the
study, approximately one-third of each treatment arm
mel primary endpoint criteria, including placebo. The
rate of annual change in UPDRS scores or PDQ-39 did
not reveal any evidence for a neuroprotective effect.”

CEP-1347

CEP-1347 (also designated KT7515) is a semisyn-
thetic derivative of a bacterial fermentation product
termed K252, which acts as an inhibitor of mixed lincage
kinase-3. This enzyme is a major component in the tran-
scription factor c-Jun-mediated terminal kinase signaling
pathway, which is involved in apoptotic death of ncu-
rons. The cascade of events through this pathway has
been hypothesized to be a mechanism by which SN
neurons arc lost in PD. Several laboratory studies involv-
ing neuronal PC12 cells, sympathetic neurons, and ather
in vivo models of neurodegeneration® supported this
potential. Mice and monkeys exposed to MPTP have
enhanced survivat of SN neurons with this compound.®®
In 30 untreated PD subjects participating in an initial
leasibility study, CEP-1347 was safe, well tolerated, and
demonstrated no symptomaiic effects in a randomized,
placebo-controlled stdy using 50 mg twice daity.'™

A larger scale investigation followed. The PRECEPT
study®’ recruited untreated PD subjects lacking current
or imminent need for anti-parkinsonian treatment. The
primary endpoint was again the need for the start of
dopaminergic treatment. Secondary endpoints included
UPDRS changes and [,'231]-B-C1T SPECT scans.

After implementation of this placebo-controlled trial,
which enrolled 806 subjects with three daily dose regi-
mens of CEP-1347, the study was halted as a result of an
interim futihly analysis. At this point, 57% of subjects
receiving placcbo had reached the primary endpoint,
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compared with 65% of subjects receiving CEP-1347 20
mg/day, 59% of subjects receiving 50 mg/day, and 64%
of subjects receiving 100 mg/day.*” These results were
comparable to the lack of effect also found in determi-
nations of tolal UPDRS score and in changes between
bascline and final ['21]-B-CIT SPECT scans. Most of the
subjects who underwent neurcimaging at the start of the
study showed marked reductions in dopamine transporter
binding in the putamen that were compatible with PD—
that 1s, were less than 80% of the lowest age-expected
binding by ['**1)-8-CIT. However, 91 of the 799 subjects
who were scanned (11,4%) did not meet these criteria.
With the consideration that thesc subjects might have
confounded the study findings because of a questionable
diagnosis of PD, a post hoc analysis was conducted and
revealed no change in the paltern or numeric trends of the
CEP-1347 wreatment effccts that would change conclu-
sions made with the entire subject group.

ANTIGLUTAMATERGIC AGENTS

Because glutamate can acl as an excilotoxin con-
tributing to ncuronal damage,'"" onc rationale for PD
neuroprotection has been to block glutamate neuro-
transmission in the SN. This amino acid neuromodu-
lator has been under consideration as a contributing
factor for a number of neurodegenerative disorders,
Studies using animal models of parkinsonism have
suggested that glutamate can confer excitotoxic dam-
age via NMDA receptors.'”?

Riluzole

This compound has been shown to demonstrate limited
but definite cffectiveness in slowing deterioration of
amyotrophic lateral sclerosis and has been FDA-ap-
proved for this use. Riluzole acts by blocking the pre-
synaptic release of glutamate. Unlike other compounds
that are potent glutamate blockers and that can cause
significant CNS toxicity, riluzole is well tolerated.

A large multicenter randomized clinical trial with -
luzole (100 mg/day) and placebo was conducled to de-
termine if a possible neuroprotcclive elfect exists, The
study was structured with endpoints similar to those pre-
viously used in clinical trials with sclegiline: the need o
start dopamincrgic therapy, and UPDRS scores. After an
interim analysis revealed no evidence for a neuroprotec-
tive cifect, this trial was halted, and there has been only
limited reporting of results.!™ Another invesligation of
this compound was undertaken in 20 subjccts, followed
over 6 months as an exploratory study. The stady used a
variety of assessments, some of which pointed 10 a trend
for slowing of disease progression, but the results were
essentially inconclusive becausc the study was under-
powered and of short duration.'™
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CONCLUSIONS

Over the past two decades, neuroprolection has becn
the goal of several randomized, placebo-controlled clin-
ical trials, some involving hundreds of subjects and last-
ing more than 12 months. A {ew have provided intrigu-
ing cvidence for disease modification through clinical
ratings or surrogatc markers. However, even those treat-
ments with scientifically compelling results showed lim-
ited benefits, leading to questioning of their practical
application. For cxample, the modest improvement of-
fered by 1200 mg/day of coenzyme Q,; on UPDRS
scores Tor activities of living was not, in the opinion of
the study authors, clinically meaningful enough to ment
recommending this compound in standard practicc as a
neuroprotective treatment.'® Testing a larger dosc in a
larger paticnt population is nceded to understand the
potential of this metabolic intervention. Other promising
therapies (minocycline, creatine, and GPI-1485) are also
candidates for further testing, having passed the thresh-
olds of futility analyses, However, not meeting futility
criteria does not make the eventual finding of efficacy
more likely to occur.

One of the biggest challenges ahead is to make sense
of the results reported for the three MAQO-B inhibitors
sclegiline, lazabemide, and rasagiline. The clinical im-
provements seen with each of these compounds suggest
a pharmacological class effect. Although each drug
sharcs the property of inhibiting oxidative deamination
through MAO type B, il is important to recall that sele-
gilinc and rasagiline both possess additional in vitro
pharmacological actions that could contribute to neuro-
protection.*' 547 The next clinical investigation to report
on potential neuroprotection with this class will be the
ongoing rasagiline ADAGIO study, which, with 1100
subjects enrolled, will be the largest PD trial to have been
conducted with the goal of discase modification,

The legacy of PD neuroprotection studies at this point
is a wealth of experience in the challenges and pitfails of
study design and implementation. Data from clinical tri-
als in early PD providc an important resource for study-
ing the natural history of PD and for designing ncw
studies and interpreting the results of others, This infor-
mation, plus cxpenience in using different clinical rating
and neuroimaging study outcome measures, has made it
possible for studies to be planned with greater precision
as to duration and numbers of subjccts required. The
limitations of clinical assessment in selecting subjects for
enrollment have been highlighted by several studies in
which ncurcimaging data did not support the diagnostic
impressions of enrolling investigators. From this infor-
mation, future studics can be designed that can model a
study cohort with the cxpectation of less than full clinical
diagnostic accuracy.

The lack of efficacy for several compounds with
strong hypotheses and promising preclinical profiles em-
phasizes the limitations of proceeding to clinical trials in
the absence of understanding as to (he cause or causes of
PD. Antioxidanis and antiapoptotics might scem to have
been climinated as candidates for a neuroprotective ther-
apy in PD; however, careful atlention needs Lo be given
to the details of each study, to learn whether and how
experimental plans appropriately tested each concept,

For example, the a-tocopherol arm of the DATATOP
study investigated a relatively large daily oral intake of
this vitamin, but whether this regimen actually increased
antioxidant defenses in the brain is not known.'% Also in
the DATATOQP study, the hypothesis for selegiline as an
antioxidative therapy was that this drug would inhibic
oxyradical production from dopamine turnover, thereby
halting disease progression. Subsequent analysis. how-
ever, found that this concept was not in fact tested, as
shown by measurements of CSF homovanillic acid
(HVA).'™ As the byproduct of dopamine catabolism,
HV A formation should be blocked if oxidative dcamina-
tion had been fully inhibited by selegiline; however,
HVA measurements of the selegiline-treated subjects re-
vealed continuing production of HVA, demonstrating
that oxidative deamination of dopamine (and hence, hy-
droxyl radical production) was still occurring.'”® The
investigations using coenzyme Q,, and creatine supple-
mentation aiso have the challenge of proving adequalc
drug delivery to the brain to test their cxperimental con-
cepts.

Several efforts at translating promising candidates (es-
pecially animal models of ncurotoxin-induced parkin-
sonism) from laboratory research to clinical trials have
failed. In part, this may be due to naive assumptions in
the fragmentary understanding of how PD is initiated and
progresses. PD is already an advanced disorder by the
time that its clinical features are recognized. The ideal
time for a protective intervention alrcady may have
passed by many years, or there may be an inherent life-
long risk conferred by genetic or environmental factors
that make progressive PD incvitable.

This pessimistic viewpoint should not be the basis for
halting further research. Many PD patients would be very
satisfied if they could halt the disorder in its mild stages,
as is the casc for a substantial proportion of paticnts, who
secm to plateau afier scveral years without further wors-
ening. What natural factors arc operative in such cases of
nonprogressive PD remain to be investigated. Vulnera-
bility of neuronal loss on the basis of genetically deter-
mined changes in a-synuclein or ubiquitin ligase is under
active exploration, and it may be that unraveling their
contributions to disease progression might have a thera-
peutic message for interventions in seemingly sporadic
PD. Given the possibility that there is more than one
cause, PD may require a multiplicity of treatments. Un-
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fortunately, one implication is that trcatments already
investigated in clinical trials and rcjected as inefficacious
might actually have utility for some subcatcgory of PD.

Und! recently, choices for neuroprotective treatmenis
were limited to pharmacological interventions, generally
involving small molecules capable of traversing the
blood=-brain barricr. The advent of recombinant gene
therapy has greadly changed the landscape of therapeutic
options.'"” Using viral vectors, it has become possible to
equip neurons or other brain cell types with genetic
instructions for mecasured and continuous production of
potentially discase-modifying substances. An open-label
clinical trial testing a neuroprotective strategy with a
genc to synthesize neurturin, an analog of glial-derived
nearotrophic factor, is currently underway in 12 sub-
jects.'™ This work is based in part on the positive results
of gene therapy studies using reccombinant adeno-associ-
ated virus carrying a genc for ncurturin in monkeys
previously ¢xposed to MPTP.,'®®

Other gene therapy strategies have been proposed
from preclinical evidence, based on the potentially neu-
roprotective activity of scveral biologically gencrated
substances. Like neurturin, erylhropoietin generated in
situ has been proposced as another means for protection
against degenerative changes in PD."'® Based on its cy-
tokine properties, crythropoietin can diminish cffects of
the neurotoxins 6-OHDA and MPTP in rodent experi-
ments {possibly through an anti-inflammatory response
against microglial activation). Another proposal from
laboratory rescarch comes from a rodent modcl of par-
kinsonism in which motor deficits and neuronal dropout
werc induced by overexpression of a-synuclein in dopa-
minergic SN neurons,' "2 In this model, usc of recom-
binant adeno-associated virus to overexpress PARKZ (the
parkin gene) greatly attenuated effects of the coex-
pressed o-synuclein gene.

Neuroprotection research for PD is fortunate in that it
can borrow concepts from other medical disciplines in
the scarch for promising therapeutic interventions. For
example, the oncological drug taxol,''* anti-inflamma-
tory medications,''*!! and a drug for multiple sclerosis.
glatimer,''® have each shown therapeutic promise in an-
imal models of parkinsonism. Istradefylline (KW-6002),
a xanthine-based antagonist of the adenosine A, , recep-
tor (and which has symptomatic cffects on PD for
parkinsonism), has also been effective for improving
Tecovery in a neurotoxin-induced animal model of par-
kinsonism.'!” With an cxpanding range of therapeutic
options, the race for neuroprotection against PD may be
in the home stretch.

Dedication: Dedicated to the memory of a colleague
and friend, Professor Cliff Shults, M.D., a distinguished
Parkinson’s disease researcher among whose many re-
scarch contributions are studics cited in this revicw.
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