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PROLOGO

La presente Tesis Doctoral titulada “Desarrollo galénico e innovacion terapéutica en farmacia
hospitalaria: sirdlimus topico liposomal en el tratamiento de los angiofibromas faciales
asociados a esclerosis tuberosa” se estructura atendiendo a los requisitos y directrices de la
Escuelay el Programa de Doctorado en Biomedicina y Farmacia de la Universidad de Valencia.
Se presenta en la modalidad de compendio de publicaciones, con tres articulos aceptados y
publicados en revistas indexadas en el “Journal Citation Reports (JCR)” y posicionadas en el

segundo, tercer y cuarto cuartil de sus respectivas categorias.

Consta de una introduccidn, que hace referencia a los aspectos y evidencias que actuan como
punto de union de las tres publicaciones, seguida de una descripcion de los objetivos
principales y secundarios de la Tesis Doctoral. El apartado materiales y métodos detalla el
proceso de revision bibliografica y los procedimientos experimentales llevados a cabo en cada
una de las fases. A continuacion, se presentan a modo de resultados los tres capitulos
correspondientes al trabajo desarrollado, seguidos de la discusion y las conclusiones globales

de la investigacion.

Cada capitulo coincide con el contenido publicado en cada uno de los tres articulos aceptados.
De este modo, el capitulo primero corresponde a una revision sistematica basada en la
evidencia disponible sobre el tratamiento tdpico de los angiofibromas faciales en la
enfermedad rara denominada esclerosis tuberosa. El capitulo segundo aborda el proceso de

optimizacion galénica del tratamiento estandar y validacion de la formulacion final segln su
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estabilidad quimica, fisica y microbioldgica. Por ultimo, el capitulo tercero hace referencia a
la innovacion terapéutica en farmacia hospitalaria, presentandose los resultados de

efectividad y seguridad in vivo de la terapia optimizada.

Finalmente, se adjuntan como anexos cada uno de los articulos cientificos en el formato

exacto en el que se publicaron tras el proceso editorial.
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1. “Estabilidad quimica de pomada de sirdlimus al 0,4% utilizando una base de fase externa

oleosa como vehiculo”.

Autores: Clara Cortell Fuster, Maria Amparo Martinez Gomez, Alfonso Angel Lopez

Navarro, Javier Martinez Benavides, Ana Cristina Cercos Lleti y Monica Climente Marti.
62 Congreso Nacional de Farmacia Hospitalaria 2017. Formato: poster.

URL: https://www.sefh.es/eventos/62congreso/img/libro-comunicaciones-62-congreso-

sefh.pdf

2. “Estabilidad fisica, quimica y microbioldgica de formulaciones topicas de sirdlimus 0,4%".

Autores: Clara Cortell Fuster, Maria Amparo Martinez Gomez, Carlos Molina Casaban, Ana

Cristina Cercos Lleti y Monica Climente Marti.
63 Congreso Nacional de Farmacia Hospitalaria 2018. Formato: pdster.

URL https.//www.sefh.es/eventos/63congreso/img/libro-comunicaciones-

63Congreso.pdf

3. “Buscando la formula: oportunidad galénica en esclerosis tuberosa”.
Autor: Clara Cortell Fuster.

Xl Jornada Sociedad Valenciana de Farmacia Hospitalaria (SVFH): Protagonista el

Residente 2018. Formato: presentacion oral.

xxv | Pagina


https://www.sefh.es/eventos/62congreso/img/libro-comunicaciones-62-congreso-sefh.pdf
https://www.sefh.es/eventos/62congreso/img/libro-comunicaciones-62-congreso-sefh.pdf
https://www.sefh.es/eventos/63congreso/img/libro-comunicaciones-63Congreso.pdf
https://www.sefh.es/eventos/63congreso/img/libro-comunicaciones-63Congreso.pdf

Tesis Doctoral | Clara Cortell Fuster

Autores: Clara Cortell Fuster, Maria Amparo Martinez Gomez, Carlos Molina Casaban, Ana

Cristina Cercos Lleti, Mdnica Climente Marti y Virginia Merino Sanjuan.
Congreso Europeo de Farmacia Hospitalaria 2019. Formato: péster.

URL: https://www.eahp.eu/sites/default/ffiles/abstract_book_-_bar19.pdf

Autores: Clara Cortell Fuster, Maria Amparo Martinez Gomez, Ana Cristina Cercds Lleti y

Monica Climente Marti.
67 Congreso Nacional de Farmacia Hospitalaria 2022. Formato: péster.

URL: https://67congreso.sefh.es/img/libro-comunicaciones-67-congreso.pdf

6. “Topical rapamycin
Autores: Clara Cortell Fuster, Maria Amparo Martinez Gomez, Ana Cristina Cercos Lleti y

Modnica Climente Marti.
Congreso Europeo de Farmacia Hospitalaria 2022. Formato: poster.

URL: https://www.eahp.eu/sites/default/files/congresses/27ac_-_eahp_abstract_book_-

online_-_post_congress.pdf

xxvi | Pagina


https://www.eahp.eu/sites/default/files/abstract_book_-_bar19.pdf
https://67congreso.sefh.es/img/libro-comunicaciones-67-congreso.pdf
https://www.eahp.eu/sites/default/files/congresses/27ac_-_eahp_abstract_book_-_online_-_post_congress.pdf
https://www.eahp.eu/sites/default/files/congresses/27ac_-_eahp_abstract_book_-_online_-_post_congress.pdf

7. “Efectividad y seguridad de sirdlimus topico en formulacion liposomal para el tratamiento

de los angiofibromas faciales en esclerosis tuberosa”.

Autores: Clara Cortell Fuster, Maria Amparo Martinez Gomez, Ana Cristina Cercos Lleti,

Modnica Climente Marti, Tania Diaz Corpas y Almudena Mateu Puchades.

68 Congreso Nacional de Farmacia Hospitalaria 2023. Formato: comunicacion oral.

Seleccionada como una de las 8 mejores comunicaciones cientificas.

URL: https://68congreso.sefh.es/img/libro-comunicaciones-68-congreso.pdf

xxvii | Pagina


https://68congreso.sefh.es/img/libro-comunicaciones-68-congreso.pdf

Tesis Doctoral | Clara Cortell Fuster

Titulo: Topical rapamycin in the treatment of facial angiofibromas in tuberous sclerosis: a

systematic review based on evidence.

Autores: Clara Cortell Fuster, Maria Amparo Martinez Gomez, Ana Cristina Cercos Lleti y

Monica Climente Marti.

Revista: Journal of Dermatological Treatment.
Aceptado: 15 de marzo de 2021.

Journal Impact Factor 2021 (JCR): 3,230.
Ranking: Q2 (Category: Dermatology).
Editorial: Taylor & Francis LTD.

DOI: 10.1080/09546634.2021.1905768

xxviii | Pagina



Titulo: Optimization, Formulation, and Stability of Topical Rapamycin Used for Rare Tuberous

Sclerosis Disease: from Ointment to Liposomes.

Autores: Clara Cortell Fuster, Maria Amparo Martinez Gdmez, Ana Cristina Cercos Lleti y

Monica Climente Marti.

Revista: Journal of Pharmaceutical Innovation.

Aceptado: 3 de noviembre de 2023.

Journal Impact Factor 2022 (JCR): 2,60.

Ranking: @3 (Category: Pharmacology & Pharmacy).

Editorial: Springer.

DOI: 10.1007/s12247-023-09792-9

xxix | Pagina



Tesis Doctoral | Clara Cortell Fuster

Titulo: Effectiveness and safety of liposomal rapamycin for the treatment of facial

angiofibromas in tuberous sclerosis.

Autores: Clara Cortell Fuster, Maria Amparo Martinez Gomez, Ana Cristina Cercos Lleti, Monica

Climente Marti, Tania Diaz Corpas, Almudena Mateu Puchades y Angeles Revert Fernandez.
Revista: Farmacia Hospitalaria.

Aceptado: 20 de abril de 2024.

Journal Impact Factor 2022 (JCR): 1,40.

Ranking: Q4 (Category: Pharmacology & Pharmacy).

Editorial: Aula Médica Ediciones.

DOI: 10.1016/j.farma.2024.04.023

xxx | Pagina



=SUMEN

xxxi | Pagina



Tesis Doctoral | Clara Cortell Fuster

xxxii | Pagina



RESUMEN

Los angiofibromas faciales asociados a la enfermedad rara de la esclerosis tuberosa son las
manifestaciones cutaneas mas frecuentes y constituyen un criterio fundamental de
diagndstico. El sirdlimus tdpico es el tratamiento farmacoldgico de eleccion para estas
tumoraciones benignas y se elabora como formula magistral en los Servicios de Farmacia
Hospitalaria. No obstante, al analizar la bibliografia disponible, existe una elevada variabilidad
en la practica clinica en términos de concentracion, vehiculo, posologia, duracion del
tratamiento y evaluacion de la efectividad, lo cual dificulta enormemente el poder establecer

cual es la formula mas apropiada y sus condiciones dptimas de utilizacion.

Optimizar la formula magistral de sirélimus topico para el tratamiento de los angiofibromas
faciales asociados a la enfermedad rara de la esclerosis tuberosa, y establecer las
condiciones idoneas de utilizacion de la formulacion final que garanticen la efectividad y la

seguridad de la terapia farmacoldgica.

Realizar una revision sistematica de la literatura con el fin de establecer cual es la

concentracion, posologia, excipientes y forma farmacéutica idonea del sirélimus topico
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para los angiofibromas faciales asociados a la esclerosis tuberosa segun la evidencia
cientifica disponible.

Definir la formulacion galénica optima de sirdlimus topico en base a sus excipientes y
determinar el periodo de validez del preparado final segin estudios de estabilidad
quimica, fisica y microbioldgica.

Evaluar la efectividad mediante escalas objetivas y subjetivas de severidad de los
angiofibromas y de calidad de vida; asi como la seguridad de la formulacidn optimizada
de sirdlimus topico en pacientes con angiofibromas faciales asociados a esclerosis

tuberosa en condiciones de practica clinica habitual.

Revision retrospectiva de la literatura y recopilacion de estudios clinicos desarrollados para
la evaluacion de la efectividad y seguridad del sirdlimus topico en las bases de datos
electronicas Medline (a través de Pubmed) y la biblioteca Cochrane. El nivel de evidencia para
cada publicacion se establecio seguin la escala CEBM de Oxford, siendo el nivel 1a el mas
recomendable (revisiones sistematicas y metaandlisis de ensayos clinicos aleatorizados), y el
nivel 5 el menos recomendable (opiniones de expertos). Cada estudio fue evaluado en detalle,
abordando dos aspectos principales: efectividad, expresada segun la mejoria subjetiva
evaluada por el investigador, objetivamente mediante el uso de escalas validadas o
cuestionarios de calidad de vida; y seguridad, evaluada principalmente segun la notificacion

de eventos adversos.
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1. Mejora del principio activo: sirélimus como materia prima.

2. Mejora del disolvente: Transcutol® P.

3. Mejora del vehiculo principal: propuesta y disefio de formulaciones alternativas.

4. Determinacion del periodo de validez segun estudios estabilidad para cada formulacion
durante 56 dias.

a. Estabilidad quimica: extraccion del sirélimus con diferentes solventes y desarrollo
y validacion de un método HPLC-UV/Vis. Determinacion del contenido porcentual
de sirdlimus remanente (%CR) a partir de las areas de los picos presentes en el
cromatograma. El parametro Ty fue el criterio de estabilidad quimica.

b. Estabilidad fisica: evaluacion de las propiedades galénicas de uniformidad,
extensibilidad, ausencia de cristales y ausencia de separaciones de fases.
Caracterizacion de los liposomas: determinacion del tamafio medio de particula,
indice de polidispersion, potencial Z y eficiencia de encapsulacion a tiempo = 0
dias.

c. Estabilidad microbioldgica: siembra e incubacion de muestras en agar sangre.

Estudio observacional, prospectivo y multicéntrico para evaluar la efectividad y la seguridad
de la formulacion final durante 24 semanas de tratamiento. La efectividad se evalud
principalmente a través de las escalas objetivas FAS| e IGA y el cuestionario DLQI. Para

determinar el perfil de seguridad se registraron las reacciones adversas y se realizaron
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pruebas hematoldgicas y niveles sanguineos de sirdlimus durante el tratamiento. Andlisis
estadistico: analisis por intencion de tratar, pruebas no paramétricas (test de Shapiro Wilk

para muestras relacionadas, significacion estadistica: p< 0,05).

Los hallazgos de la revision sistematica realizada fueron limitados: se incluyeron 30 articulos
que evaluaron la terapia tdpica con sirdlimus para los angiofibromas faciales asociados a
esclerosis tuberosa, de los cuales solo cuatro correspondieron a ensayos clinicos
aleatorizados y el resto fueron series de casos o casos aislados. Este punto limito la validez
cientifica de los estudios analizados en su conjunto, ya que la mayoria de ellos se clasificaron
en el nivel 4 de evidencia (recomendacion C: recomendacion favorable pero no concluyente)
segun la escala CEBM. La efectividad se evalud mayoritariamente de manera subjetiva, segin
la opinidn del investigador, sin embargo, se identificaron la escala FASI y el cuestionario DLQ
como herramientas validadas, simples y reproducibles para determinar objetivamente la
severidad de los angiofibromas faciales y evaluar la calidad de vida, respectivamente. En
definitiva, la revision bibliografica posiciono al sirélimus como el tratamiento farmacoldgico
mas adecuado, asegurando su eficacia y seguridad en casi la totalidad de las experiencias
clinicas. Para los ensayos restantes del presente proyecto y segun la evidencia disponible, se
decidio utilizar una concentracion de sirolimus del 0,4% con una frecuencia de administracion
de tres veces por semana. Sin embargo, debido a la elevada variabilidad entre estudios, no

fue posible establecer una forma farmacéutica idonea para la administracion topica.
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La inclusién de sirdlimus como materia prima condujo a mejoras en las caracteristicas
organolépticas del preparado final y a una reduccion en el coste de la terapia en comparacion
con los comprimidos comercializados de sirolimus. La incorporacion del Transcutol® P como
disolvente posibilitd una distribucion mas homogénea del principio activo en el vehiculo y una
mayor biodisponibilidad del farmaco a través del estrato corneo, gracias a la elevada
solubilidad del sirdlimus en el Transcutol® P en contraste con la parafina liquida. El objetivo
de mejorar el vehiculo principal llevd a la propuesta y disefio de cuatro posibles formulaciones

de sirdlimus al 0,4%: pomada, emulsion, gel y formulacion liposomal.

Los estudios de estabilidad demostraron que Unicamente una de las cuatro opciones
propuestas, la formulacion liposomal, mantuvo su estabilidad quimica, fisica y microbiologica
a lo largo de 56 dias. Tras la ampliacion del estudio de estabilidad, se le otorgd un periodo de
validez de 84 dias entre 2-8 °C, protegida de la luz. La estabilidad quimica de las
formulaciones tipo pomada y gel se vio limitada por un Ty de 56 y 21 dias, respectivamente.
La formulacion tipo emulsion perdio su estabilidad fisica a los 21 dias por observarse una
separacion de fases y rotura definitiva de la emulsion. Todas las formulaciones mantuvieron
su estabilidad microbioldgica durante todo el periodo de muestreo.

La calidad de la formulacion liposomal fue confirmada mediante la caracterizacion de los
liposomas formados, demostrando la obtencion de un sistema homogéneo, eléctricamente

estable y con una elevada capacidad de encapsulacion del sirdlimus en las vesiculas

xxxvii | Pagina




Tesis Doctoral | Clara Cortell Fuster

liposomales. Tamafio medio de particula = 178,9 nm, indice de polidispersion = 0,093, potencial

Z=-41,1 mVy eficiencia de encapsulacion = 89,19 %.

La evaluacion clinica demostro que el sirdlimus topico liposomal al 0,4% administrado tres
veces por semana fue efectivo y seguro para el tratamiento de los angiofibromas faciales en
8 de 11 pacientes (73%). Las pruebas no paramétricas mostraron diferencias estadisticamente
significativas entre las puntuaciones FAS|, IGA, y las subcategorias de eritema y tamafio de
los angiofibromas antes y después del tratamiento. Cinco de los 11 pacientes (45%) mejoraron
su calidad de vida segun el cuestionario DLQL. En tres de ellos, la mejoria en el DLQI se
considerd clinicamente relevante al obtener un cambio de al menos 4 puntos al finalizar el

tratamiento, con una media de mejora de 7,6 puntos.

La formulacion tdpica liposomal fue bien tolerada, con efectos adversos leves como prurito o
sensacion de tirantez que desaparecieron al finalizar el tratamiento. En dos casos, el eritema
fue reportado como un efecto adverso moderado que llevo a la interrupcion prematura de la
terapia. Ambos pacientes presentaban antecedentes de piel con tendencia atdpica. Los
resultados de las pruebas hematoldgicas y farmacocinéticas confirmaron la ausencia de
absorcion sistémica del sirdlimus después de su administracion topica, lo que contribuyo a

una mayor seguridad del sirdlimus topico liposomal.

Las condiciones idoneas de utilizacion del sirdlimus topico liposomal al 0,4% administrado
tres veces por semana fueron: aplicacion con guante de nitrilo de una pelicula ligera hasta la

completa desaparicion de la formulacion en la piel preferiblemente por la tarde o la noche.
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Tras dos o tres horas desde la administracion, lavar con agua y jabon neutro para eliminar
cualquier residuo y secar. Hidratar bien la zona y usar fotoproteccion total durante todo el

ano. Evitar el tratamiento durante el periodo estival.

Tras la revision sistematica, la optimizacion galénica y la evaluacion clinica, el sirdlimus
topico liposomal al 0,4% fue la formulacion finalmente seleccionada y demostrd su efectividad
y seguridad para el tratamiento de los angiofibromas faciales asociados a esclerosis tuberosa.
En consecuencia, se incluydé como formula magistral disponible en la Guia
Farmacoterapéutica del Servicio de Farmacia del Hospital Universitario Doctor Peset de
Valencia cubriendo una necesidad médica para esta indicacion. La elaboracion de
medicamentos en los Servicios de Farmacia Hospitalaria es, en muchas ocasiones, la Unica
alternativa farmacoldgica posible para tratar los sintomas de las enfermedades raras,
destacando la importancia del desarrollo galénico y la innovacion terapéutica, especialmente,

cuando las opciones de tratamiento son limitadas o inadecuadas.
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Introduccion

INTRODUCCION

La esclerosis tuberosa (ET) es una enfermedad rara con una incidencia entre 1/6.000 a 1/10.000
habitantes (1). Genéticamente, se trata de una enfermedad hereditaria autosémica dominante
de expresion variable, originada por la mutacion y posterior inactivacion de uno o dos genes
supresores tumorales: TSC1 y TSC2 (Tuberous Sclerosis Complex 1y 2), localizados en los
cromosomas 9 y 16, respectivamente (2). Estos genes codifican las proteinas hamartrina y
tuberina, las cuales forman un importante heterodimero (complejo TSCI-TSC2) (3) que es
clave en la regulacion de la proliferacion celular y la diferenciacion de la via mTOR

(mammalian Target of Rapamycin).

La inactivacion génica se traduce en la formacion multisistémica de tumores benignos
llamados harmartomas que pueden tener diferente gravedad y localizacion, siendo una de las
mas frecuentes los rifiones (angiomiolipomas renales). Las tumoraciones en ocasiones
tienden a sangrar espontaneamente o pueden verse afectadas por traumatismos
produciéndose un sangrado incontrolado. Otros tejidos y drganos donde pueden aparecer son

el cerebro, los pulmones, el corazon, los ojos o la piel.

La epilepsia supone el sintoma mas comun asociado a las formaciones tumorales en el
cerebro. De hecho, aproximadamente el 80 % de los individuos afectados por esclerosis

tuberosa sufren crisis comiciales. A pesar de la administracion de medicamentos
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antiepilépticos, muchos pacientes presentan epilepsia farmacorresistente, con un mal control
de los sintomas neuroldgicos (4). Todas estas manifestaciones anatomo-clinicas fueron
publicadas por primera vez por Bourneville en 1880 (5) y, por esta razon, la enfermedad de

Bourneville es sindnimo de ET.

En el campo de la dermatologia, encontramos diferentes manifestaciones cutaneas asociadas
a esta enfermedad como los fibromas periungueales, la placa de chagrin o las maculas
hipopigmentadas en Agja de fresno. Sin embargo, las afecciones de la piel mas frecuentes de
la ET son los denominados angiofibromas faciales (AF). Son tumoraciones hamartomatosas
que aparecen en el rostro en forma de papulas eritemato-rosadas de pequefio tamafio, con
tendencia a confluir formando placas. Constituyen un criterio diagndstico fundamental de la
enfermedad ya que estan presentes hasta en el 80% de los pacientes (6). Estas lesiones
faciales aparecen entre los 2 y 5 afios de edad, y crecen en nimero y tamafio hasta

estabilizarse tras la adolescencia (2).

Figura A Angiofibromas en las mejillas, en el menton y en la nariz, con patron predominante en
empedrado y distribucion bilateral.
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Los AF se clasifican segun su localizacion en el rostro: tipicamente en mejillas, nariz, surco
nasogeniano, menton y frente; su patron de presentacion: en empedrado o sebaceo; y su

distribucion: unilateral o bilateral (Figura A).

El impacto visual de las lesiones faciales implica problemas estéticos y psicoldgicos (7) (8) (9)
(10), y, en ocasiones, el tratamiento dermatoldgico no recibe la prioridad necesaria debido a
la presencia de otras complicaciones mas graves. En consecuencia, la implicacion psicosocial
de las manifestaciones cutaneas ha motivado la utilizacion de mdltiples terapias para mejorar

la calidad de vida de estos pacientes (11).

El tratamiento de los AF puede ser fisico o farmacoldgico. Los tratamientos fisicos incluyen
radiofrecuencia, electrocoagulacion, crioterapia, dermoabrasion o laser (3) (12). Los
principales problemas de estas técnicas fisicas son que resultan ser invasivas y dolorosas,
requiriendo anestesia local en la mayoria de las intervenciones. Ademas, pueden producir
diversas complicaciones como cicatrices hipertroficas, trastornos de la pigmentacion o

infecciones postquirurgicas.

Entre los tratamientos farmacoldgicos historicamente se han utilizado el tranilast oral (13),
un farmaco antialérgico que inhibe ciertos factores del crecimiento y disminuye la secrecion
de citocinas por los mastocitos, o la podofilotoxina topica (14), un derivado alcaloide utilizado
para las verrugas genitales o los condilomas acuminados. Con ambas alternativas se
consiguieron mejorias documentadas del eritema y el tamafio de los AF, pero con sensacion

de quemazon como reaccion adversa en el caso concreto de la podofilotoxina. Cabe destacar
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gue, por su mecanismo de accion, ninguno de estos dos farmacos actua sobre la via mTOR,

cuya alteracion es la causante de esta enfermedad rara.

Un elevado nimero de publicaciones sitdan al sirdlimus o rapamicina como la alternativa

farmacoldgica mas apropiada, segun resultados favorables de efectividad y seguridad (6).

HO,,

Figura B. Estructura molecular del sirélimus.

El sirdlimus es un agente antifungico producido por la bacteria Streptomyces hygroscopicus
con estructura de lactona macrociclica y naturaleza lipofilica (Figura B). Fue descubierto en
1965 por un grupo de investigadores canadienses en una muestra de suelo de la Isla de

Pascua, cuyo nombre nativo es Rapa Nui, de ahi la denominacion de rapamicina.

El mecanismo de accion molecular del sirdlimus es conocido de forma parcial. Se une a la
proteina citosolica especifica FKPB-12 e inhibe la activacion de mTOR, una quinasa critica para
la progresion del ciclo celular, bloqueando varias rutas especificas de transduccion de

sefales. Por tanto, es un potente inhibidor de la via mTOR con destacadas propiedades
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inmunosupresoras, antitumorales y antiangiogénicas. Su accion inmunosupresora se
fundamenta en el bloqueo de la fase Gl a la fase S del ciclo celular de los linfocitos T,
obstaculizando su activacion y la produccion de anticuerpos. Su actividad antitumoral se basa
en la propia inhibicion de la via mTOR, aumentada de forma aberrante en las células
tumorales. Asimismo, sus propiedades antiangiogénicas se explican por la disminucion de los

niveles de factor de crecimiento endotelial vascular (VEGF) (15).

En cuanto al perfil de seguridad, las reacciones adversas mas frecuentes del sirdlimus son la

leucopenia, la trombocitopenia y la fotosensibilidad.

Este farmaco se comercializa como Rapamune® con formas farmacéuticas disponibles en

comprimidos recubiertos y solucion oral (16).

El sirdlimus se utiliza principalmente via oral en la prevencion o el tratamiento de la
enfermedad del injerto contra el huésped en los pacientes con trasplante de médula dsea o
de rifion. Sin embargo, su uso topico fuera de indicacion (off-label) para los AF en ET esta cada
vez mas establecido. En este caso, la prescripcion debe ir acompafada de un consentimiento
informado oral o escrito por parte del paciente, siendo debidamente justificada su utilizacion

en la historia clinica disponible (17).

Diferentes estudios con sirdlimus oral mostraron una mejoria en los AF tras la terapia
inmunosupresora post trasplante renal (18) (19) (20). Tras estas experiencias, se planteo la
administracion topica pues evitaba la exposicion sistémica al farmaco, minimizando los

efectos adversos de inmunosupresion y fototoxicidad. Encontramos en la literatura multiples
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estudios y series de casos con sirdlimus tdpico, incluso cinco ensayos clinicos aleatorizados
(21) (22) (23) (24) (25) que mostraron una potente efectividad y excelente tolerabilidad del
tratamiento. En la mayoria de los pacientes se reportd una reduccion del eritema, del tamario
de las papulas y un aplanamiento de las lesiones, con una mejora considerable en la textura

de la piel.
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Justificacion y Contexto

JUSTIFICACIONY CONTEXTO

El presente proyecto de investigacion surgio tras la consulta realizada por el Servicio de
Dermatologia del Hospital Universitario Doctor Peset de Valencia sobre la intencion de
prescribir el sirélimus tépico como formula magistral para el tratamiento de los AF asociados

a la enfermedad rara de la ET.

El grupo de Farmacotecnia de la Sociedad Espaiiola de Farmacia Hospitalaria (SEFH) muestra
en su base de datos de formulas magistrales elaboradas para enfermedades raras (EERR)
cudl es la concentracion de sirdlimus y excipientes mas cominmente empleados para
elaborar esta formula magistral en esta indicacion. La formulacion mas utilizada por la
mayoria de los Servicios de Farmacia Hospitalaria es la pomada de sirdlimus al 0,4% en

vaselina.

SegUn la “Guia de buenas practicas de preparacion de medicamentos en servicios de farmacia
hospitalaria” (26), el excipiente o base seleccionada en una formulacion topica debe permitir
la liberacion y absorcion adecuada del medicamento. Dentro de los controles finales de
estabilidad deben asegurarse la uniformidad del preparado, la extensibilidad, la ausencia de
cristales y la ausencia de separaciones de fases mediante la extension de la formulacion final
sobre una superficie transparente o la piel. La matriz de riesgos para preparaciones no
estériles no acuosas y acuosas (via no oral) establece los plazos de validez en 6 meses y 30

dias a temperatura ambiente, respectivamente. Asi, la asignacion de periodos de validez
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superiores a los indicados en la bibliografia debera estar validada con estudios propios de

estabilidad galénica, fisicoquimica y microbioldgica del preparado.

De igual modo, en la bibliografia disponible sobre esta afeccion dermatoldgica existe una
elevada variabilidad entre estudios en términos de concentracion, vehiculo, posologia,
duracion del tratamiento y evaluacion de la efectividad, lo cual dificulta enormemente el

poder establecer cudl es la alternativa mas apropiada.

Por todos estos motivos, surgio la necesidad de la blsqueda de una formulacion adecuada por
parte de la Unidad de Farmacotecnia del Servicio de Farmacia del Hospital Universitario
Doctor Peset de Valencia para establecer la concentracion, la posologia, los excipientes y la
forma farmacéutica idonea, asi como las condiciones dptimas de utilizacion de la formulacion

final y su periodo de validez, que garantizaran una efectividad y seguridad del tratamiento.
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Hipdtesis y Objetivos

HPATESIS Y OBJETIVOS

La revision sistematica de la literatura, la optimizacion galénica y la evaluacion de resultados
en la practica clinica habitual son herramientas vélidas para establecer las condiciones
optimas de utilizacion de la formulacion de sirdlimus topico para el tratamiento de los AF

asociados a la ET.

El objetivo principal de la presente Tesis Doctoral es optimizar la formula magistral de
sirolimus topico para el tratamiento de los AF asociados a la enfermedad rara de la ET,
ademas de evaluar la efectividad y la seguridad de la formulacion final y establecer sus

condiciones idoneas de utilizacion.
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Realizar una revision sistematica de la literatura con el fin de establecer cudl es la
concentracion, posologia, excipientes y forma farmacéutica idénea del sirdlimus tdpico

para los AF asociados a la ET segun la evidencia cientifica disponible.

Definir la formulacion galénica optima de sirolimus topico en base a sus excipientes y
determinar del periodo de validez del preparado final segun estudios de estabilidad

quimica, fisica y microbioldgica.

Evaluar la efectividad mediante escalas objetivas y subjetivas de severidad de los
angiofibromas y de calidad de vida; asi como la seguridad de la formulacion optimizada
de sirélimus topico en pacientes con AF asociados a ET en condiciones de practica clinica

habitual.
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MATERIALES Y METODOS
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MATERIALES Y METODOS

Todas las pruebas y procedimientos del estudio se realizaron de acuerdo con la Declaracion
de Helsinki para experimentacion humana (Helsinki, 1964), el Convenio del Consejo de Europa
relativo a los derechos humanos y la biomedicina y la Declaracion Universal de la UNESCO de
los derechos humanos, ajustandose a la normativa vigente para estos estudios. Ademas, se
cumplieron los requisitos establecidos en la legislacion espafiola en el ambito de la
investigacion biomédica, la proteccion de datos de caracter personal y la bioética. El presente
proyecto fue revisado y aprobado por el Comité Etico de Investigacién Clinica (CEIC) del
Hospital Universitario Doctor Peset de Valencia en diciembre de 2016 (Cadigo CEIC: 12/16) v,
del mismo modo, emitido un posterior dictamen favorable a la enmienda en mayo de 2021

(Enmienda, Codigo CEIC: 16.102).
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El presente proyecto de investigacion consta de tres fases bien diferenciadas, que abordan
desde diferentes aspectos la optimizacion de la terapia topica para los pacientes con AF

asociados a la ET.

Evaluacion ordenada y explicita de la literatura disponible y resumen cualitativo de la

evidencia.

Mejora galenica de la formulacion tdpica de sirdlimus en base a sus excipientes con
la propuesta y disefio de diferentes formulaciones optimizadas y determinacion del
periodo de validez de todas las alternativas segun estudios de estabilidad quimica,

fisica y microbioldgica.

Resultados de efectividad y seguridad de la formulacion final en pacientes reales en

condiciones de practica clinica habitual.
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Las revisiones sistematicas resultan beneficiosas en diversos aspectos cruciales, ya que
ofrecen una sintesis del conocimiento actual en un area especifica. A partir de esta
recapitulacion, es posible identificar futuras prioridades de investigacion, abordar preguntas
que podrian no ser respondidas por estudios individuales, detectar problemas en la
investigacion primaria que deberian corregirse en futuros estudios, y generar o evaluar
teorias sobre por qué y como ocurren fendmenos de interés. En consecuencia, las revisiones
sistematicas proporcionan distintos tipos de conocimiento dirigidos a diversos usuarios, como

pacientes, profesionales de la salud o investigadores.

Para asegurar que una revision sistematica sea valiosa para los usuarios, los autores deben
elaborar una publicacion transparente, completa y precisa en la que se explique claramente
la razon de realizar la revision, los métodos empleados (por ejemplo, como se identificaron y
seleccionaron los estudios) y los hallazgos obtenidos (por ejemplo, las caracteristicas
principales de los estudios incluidos). La guia actualizada para la publicacion de revisiones
sistematicas, PRISMA 2020, permite lograr este objetivo de manera mas sencilla y ordenada

garantizando una revision de la literatura de calidad (http://www.prisma-statement.org/).
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Se llevd a cabo una revision retrospectiva de la literatura y recopilacion de estudios clinicos
desarrollados para la evaluacion de la efectividad y seguridad del sirdlimus topico en el
tratamiento de los AF en la enfermedad rara de la ET. Para ello se utilizo la guia PRISMA 2020
para la publicacion de revisiones sistematicas. Las publicaciones cientificas fueron
identificadas en las bases de datos electronicas Medline (a través de Pubmed) y la biblioteca
Cochrane en el periodo comprendido entre enero de 2000 y diciembre de 2020. La Ultima fecha
de busqueda fue el 19 de enero de 2021. Las palabras clave de busqueda (incluidas en los
términos MeSH de vocabulario terminoldgico controlado) fueron rapamicing, sirdlimus,
rapamune, angiofibroma, dermatofibromay esclerosis tuberosa. La estrategia de busqueda
para la base de datos de Pubmed fue: ("sirolimus'ftiab] OR ‘rapamycin’ftiabl OR
“rapamuneftiab]) AND ("angiofibroma’JAll Fields] OR "dermatofibroma'JAll Fields]) AND

"tuberous sclerosis"[All Fields] AND (*2000/01/01"[PDAT]-"2020/12/31"(PDAT])).
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Se llevo a cabo un exhaustivo proceso de seleccion de la literatura, asi como la recopilacion
de estudios clinicos, utilizando criterios de inclusion y exclusion especificos disefiados para
revisiones sistematicas. Este proceso metodoldgico garantizo la identificacion y el analisis de
la evidencia mas relevante disponible en la literatura cientifica. La aplicacion de criterios
claros y predefinidos para la seleccion de los estudios asegurd la consistencia y la objetividad

en la recopilacion de datos.

Se consideraron ensayos clinicos, series de casos y casos aislados que abordaran
especificamente el tratamiento de los AF en pacientes con ET utilizando sirdlimus tdpico

como intervencion.

Diagnosticos diferentes de AF en ET.

Tratamiento con sirdlimus por via de administracion diferente a la tdpica.

Opiniones, manuscritos o articulos publicados en idiomas distintos del inglés.

Cartas al editor.

Ensayos que involucraran animales en lugar de sujetos humanos.

Se excluyeron aquellos estudios cuyo texto completo del manuscrito no estuviera

disponible para su revision.
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El concepto de Medicina Basada en la Evidencia (MBE) se define como “la utilizacion
consciente, explicita y juiciosa de la mejor evidencia clinica disponible para tomar decisiones
sobre el cuidado de los pacientes individuales” (27). En realidad, la MBE pretende aportar mas
ciencia al arte de la medicina, con el objetivo de disponer de la mejor informacion cientifica

contrastada para aplicarla a la practica clinica habitual (3).

Se pueden utilizar escalas jerarquicas de evaluacion de la evidencia, basadas en el nivel de
rigor cientifico aplicado en el disefio de los estudios. Estas escalas sirven como base para
formular recomendaciones sobre la implementacion de procedimientos médicos o
intervenciones sanitarias especificas. A pesar de la variedad de herramientas que evaluan la

calidad de la evidencia cientifica, todas comparten similitudes significativas entre ellas.

Entre las mas utilizadas encontramos la escala SIGN validada por la Scottish Intercollegiate
Guidelines Network o la escala CEBM (Centre for Evidence-Based Medicine) de la Universidad

de Oxford.

El nivel de evidencia para cada publicacion en nuestra revision sistematica se establecio
seglin la escala CEBM de Oxford, siendo el nivel 1a el mas recomendable (revisiones
sistematicas y metaandlisis de ensayos clinicos aleatorizados), y el nivel 5 el menos

recomendable (opiniones de expertos) (28).
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En el analisis de las investigaciones clinicas desarrolladas para el tratamiento de los AF con
sirolimus tdpico, se recopilaron datos para cada estudio individual como el numero de
pacientes (n), la concentracion y el vehiculo utilizados, el disefio del estudio, las terapias

concomitantes, la posologia y la duracion del tratamiento en semanas.
Cada estudio fue evaluado en detalle, abordando dos aspectos principales:

Efectividad: expresada segin la mejoria subjetiva evaluada por el investigador, la
evaluacion objetiva mediante el uso de escalas validadas y no validadas, o cuestionarios
de calidad de vida.

Seguridad: evaluada principalmente segin la notificacion de eventos adversos, la
realizacion de pruebas hematoldgicas para determinar el recuento de plaquetas,

linfocitos y gldbulos rojos y la determinacion de niveles sanguineos de sirdlimus.
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El sirdlimus esta incluido en la lista NIOSH (29) como medicamento peligroso desde 2014, lo
que implica que toda manipulacion de este principio activo se debe llevar a cabo en
condiciones de proteccion para el manipulador en cabina de seguridad bioldgica (CSB-I) con
doble guante, bata y mascarilla. En consecuencia, el sirdlimus esta clasificado como un
medicamento de riesgo durante el embarazo (FDA RE C), lo que significa que puede presentar

riesgos potenciales para el feto en desarrollo.

En relacion al tratamiento topico de los AF en pacientes con ET, la gran mayoria de
publicaciones solo han informado de formulaciones elaboradas a partir de los comprimidos
recubiertos comercializados de sirdlimus (Rapamune®) (30) (2), presentando inconvenientes
importantes. Cuando se utilizan los comprimidos para la elaboracion, el medicamento es
parcialmente o incluso no solubilizado en la formulacion tdpica, lo que resulta en una menor
(o incluso nula) biodisponibilidad para ejercer su efecto. Respecto a las caracteristicas
organolépticas, los restos de pelicula, asi como los excipientes presentes en los comprimidos
empeoran el resultado final de la forma farmacéutica. Incluso se ha informado, en
experiencias y estudios previos, de dafios en la superficie cutanea y el estrato corneo debido
a una trituracion inadecuada de los comprimidos recubiertos. Por Ultimo, la presentacion de
Rapamune® de mayor dosis disponible es de 2 mg (Figura C), con un precio medio de 6,14 €

por comprimido. En consecuencia, al elaborar la pomada se utilizan un gran nimero de
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comprimidos, lo que incrementa el coste de la terapia. Por ejemplo, para formular 20 gramos
de pomada de sirdlimus al 0,4% se necesitan 40 comprimidos de Rapamune® de 2 mg. Esto

supone un coste de la formulacion de 245,6 €, considerando unicamente el principio activo.

&w ﬁzmm

u

Figura C. Comprimidos de Rapamune® y sirélimus como materia prima (Acofarma S.A.).

Actualmente, es posible adquirir sirdlimus como materia prima en Espafia a través del
laboratorio Acofarma Distribucion S.A. (Figura C). Partiendo de este producto como principio
activo, se pueden mejorar las caracteristicas organolépticas de la formula magistral al lograr
la eliminacion tanto de los excipientes como de los restos de cubierta, que ni con el tamizado
de los comprimidos triturados se consigue descartar. El coste de adquisicion de 1g de
sirdlimus como materia prima es de 509,5 €, lo que supone un coste de la formulacion al 0,4%

de 40,8 €, considerando sdlo el principio activo.
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El dietilen glicol monoetil éter o Transcutol® P es un liquido transparente e incoloro que se
emplea en formulacion magistral para disolver principios activos. También es un promotor de
la absorcion y un potenciador de la penetracion para formulaciones topicas, que mejora la
difusion del farmaco a través de la piel (31) (32). Suele utilizarse en preparados farmacéuticos,
topicos, transdérmicos y orales; y varios estudios toxicoldgicos han probado su seguridad y

baja capacidad de irritacion cuando forma parte de medicamentos topicos.

kg
Tanscutol-p

O
CHa/\O/\/ \/\OH

Figura D. Molécula de Transcutol® P y presentacion como excipiente por

laboratorios Guinama S.L.U.

Bouguéon et al. utilizaron el Transcutol® P (Figura D) y demostraron que el sirdlimus es 10
veces mas soluble en este disolvente (altamente soluble: 20,2 mg/ml) en comparacion con la
parafina liquida (< 2 mg/ml). Estos autores fueron los primeros en presentar una formulacion

topica incorporando el principio activo previamente solubilizado en un disolvente. Esto
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permitio una distribucion mas homogénea del sirdlimus en el vehiculo, asegurando una mayor

biodisponibilidad del farmaco a través del estrato corneo (33).

A lo largo de los anos, varios autores han estudiado diferentes formulaciones alternativas a
la clasica pomada con vaselina, con el objetivo de conseguir un mejor aspecto y consistencia
de la formulacion, e incrementar el cumplimiento del tratamiento por parte del paciente. La
vaselina como vehiculo principal da como resultado una formulacion con unas caracteristicas
organolépticas y apariencia muy desfavorables: la aplicacion es dificultosa por su mala
extensibilidad y la sensacion tras su administracion no es nada confortable. Ademas, es muy
complicada la retirada efectiva de la piel mediante el proceso de lavado con agua y jabon,
provocando en ocasiones una irritacion importante en la zona de administracion. Por otra
parte, la absorcion percutanea viene limitada por el estrato corneo cuando se formulan

farmacos lipdfilos con vehiculos oclusivos como la vaselina.

Entre los ejemplos mas destacados de nuevas formulas magistrales de sirdlimus de
aplicacion topica encontramos preparaciones tipo gel con estudios de estabilidad
fisicoguimica y microbioldgica (22) (34) (35) (36) (37), liposomas (38) (39) e incluso
formulaciones elaboradas a partir de cremas y pomadas comercializadas (Excipial

hydrocreme®, Skincerity®, Dexeryl® o Eucerin®) (33) (21) (40) (41).
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Desde la Unidad de Farmacotecnia del Hospital Universitario Doctor Peset de Valencia se
propusieron y desarrollaron cuatro posibles formulaciones con el objetivo de mejorar la
pomada elaborada Unicamente con parafina liquida y vaselina. Todas las propuestas
contenian el principio activo de sirdlimus al 0,4%, pero eran diferentes en sus excipientes y el

tipo de formulacion final resultante (Tabla A).
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Tabla A Propuesta de formulaciones de sirolimus topico.

Sirolimus 0,4%
Transcutol® P 10%
Lanolina 10%
Manteca de karité 20%
Vitamina E 1%
Vaselina csp.20g
Sirdlimus 04%
Transcutol® P 10%

Base autoemulsionable W/0 20 %

API csp.20g
Sirolimus 0,4%
Transcutol® P 10%
Hidroxipropilmetilcelulosa 2%

API csp.20g
Sirolimus 0,4%
Transcutol® P 3%
Solucion liposomal (Guinoxome®) 25%
Colesterol 01%
Miristrato de isopropilo 10 %
Propilenglicol 10 %
Carbopol 2%

NaOH 10% csp.pH7.5
API csp.20¢g
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FORMULACION PoMADA

En el anexo A se muestra el modus operandi para elaborar la formulacion tipo pomada de

sirolimus al 0,4% como mejora de la formulacion clasica con vaselina.

La principal diferencia con la pomada de referencia fue la adicion de los excipientes lanolina,
manteca de karité y vitamina E. La lanolina es ampliamente utilizada como base o excipiente
de pomadas, cosméticos y ungiientos, y resulta muy efectiva como hidratante y emoliente. La
manteca de karité, rica en polifenoles y tocotrienoles, actlia como antioxidante natural,
hidratando y suavizando la piel. Sus acidos grasos, como el oleico, ofrecen propiedades
antiinflamatorias y regenerativas ideales para productos dermatoldgicos. Su alto contenido
en alantoina promueve la regeneracion celular y mejora la hidratacion cutanea. Ademas, es
beneficiosa para problemas cutaneos como el eccema o el eritema debido a su alto contenido

en vitamina A

La vitamina E o tocoferol es un potente antioxidante con efecto antiinflamatorio y calmante,
capaz de mejorar la textura de la piel e incluso el aspecto de las marcas y cicatrices, tan

habituales en los pacientes sometidos a terapia laser para tratar sus AF.

Figura E. Formulacion pomada de sirdlimus al 0,4%.
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FORMULACION EMULSION

En el anexo B se detalla el modus operandi para la elaboracion de la emulsion de sirdlimus al
0,4%. Se propuso la elaboracion de una formulacion tipo emulsion a partir de una base
autoemulsionable W/O proporcionada por el laboratorio Acofarma Distribucion SA vy
compuesta principalmente por vaselina, otros compuestos lipidicos y ozokerita o ceresina. La
ozokerita es una cera mineral que acta como estabilizadora de emulsiones, opacificante y
reguladora de la viscosidad. Tras la disolucion del principio activo en la base
autoemulsionable se debe incorporar el agua hasta la formacion de una emulsion tipo W/O
con fase interna acuosa y fase externa oleosa. La base es compatible con la mayoria de los
principios activos utilizados en formulacion magistral y ademas es inocua para la piel siempre

que se formule en cantidades inferiores al 25%.

Figura F. Formulacion emulsion de sirélimus al 0,4%.
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FORMULACION GEL

El anexo C hace referencia al modus operandi para la elaboracion del gel de sirdlimus al 0,4%.
Se propuso una formulacion tipo gel incorporando lentamente el sirdlimus al vehiculo

principal (hidroxipropilmetilcelulosa y agua) bajo agitador magnético.

La hidroxipropilcelulosa es un agente gelificante ideal para crear geles acuosos o
hidroalcohdlicos limpidos y transparentes. No requiere ajustar el pH del medio, como si ocurre
con otros agentes gelificantes como el Carbopol®. La gelificacion no es instantanea y se logra

por imbibicion durante al menos 24 horas.

Figura G. Formulacion gel de sirdlimus al 0,4%.
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FORMULACION LIPOSOMAL

El estrato corneo, como capa externa de la piel, desempefia un papel crucial en la
permeabilidad de los farmacos. Debido a su estructura compacta y su composicion lipidica,
actua como una barrera sumamente eficaz para la penetracion de moléculas. Los compuestos
extremadamente hidrofilicos, hidrofdbicos o de elevado peso molecular tienen dificultades
para atravesarla y alcanzar las capas mas profundas de la piel, lo que compromete la eficacia

de ciertos medicamentos administrados tépicamente.

En los Ultimos afos se han desarrollado una gran cantidad de estudios centrados en nuevos
sistemas de transporte, con el propdsito de superar las limitaciones que encontramos en la
via de administracion topica. Estos sistemas buscan incorporar cantidades adecuadas de
moléculas activas, ya sean hidrdfilas o lipdfilas, con el objetivo de facilitar su acumulacion o

difusion a través de la piel, posibilitando asi su accion farmacoldgica.

Entre estos, los liposomas destacan como sistemas de notable potencial, permitiendo la
vehiculizacion de principios activos que por si solos no logran traspasar la epidermis. Son
capaces de mejorar la penetracion de farmacos a través del estrato corneo y, por lo tanto,
aumentar su biodisponibilidad. Ademas, su capacidad de fusionarse con las membranas
celulares permite liberar el farmaco directamente en las capas mas profundas de la piel,

convirtiéndose en portadores altamente efectivos y valiosos.
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Figura H. Clasificacion de los liposomas: vesiculas unilamelares pequefias (SUV), vesiculas

unilamelares grandes (LUV) y vesiculas multilamelares (MLV).

Los liposomas estan compuestos por estructuras vesiculares conformadas principalmente
por fosfolipidos y colesterol, con cabezas hidrdfilas y colas hidréfobas, organizandose de
manera semejante a las membranas celulares. Las ceramidas y el colesterol son los
principales componentes del estrato corneo, por lo que el desarrollo de liposomas que imitan
o mimetizan la composicion de las estructuras bioldgicas posibilita que estas formulaciones

sean compatibles con todo tipo de pieles.

Los liposomas mas simples estan formados por una bicapa lipidica que encierra un
compartimento acuoso y se les conoce como liposomas unilamelares (SUV y LUV). Esta clase

de liposomas tienen una mejor capacidad de encapsulacion que los de tipo multilamelar (MLV)
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y poseen un tamario del orden de 20 nm a 500 um de diametro con morfologia principalmente

esférica (Figura H) (42) (43).

Al estar compuestos por una fraccion lipidica y una fraccion acuosa, los liposomas pueden
alojar sustancias hidrofilicas (en el compartimento acuoso) y/o sustancias lipofilicas (en la

bicapa lipidica) (Figura I).

Carga hidrofilica Carga lipofilica

Figura I. Liposomas unilamelares y cargas hidrofilicas o lipofilicas.
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El proceso de fabricacion de liposomas tiene como objetivo principal obtener vesiculas
estables a largo plazo, con una distribucion de tamafios homogénea y una alta capacidad de

encapsulacion del principio activo vehiculizado.

El método de elaboracion de liposomas mas simple es el método de Bangham (44). Es el
primer procedimiento que se desarrolld y hoy en dia es de los mas utilizados. Este proceso
implica disolver fosfolipidos y componentes lipidicos en un solvente organico apropiado y
luego evaporar dicho solvente, lo que permite la formacion de una pelicula lipidica fina en el
fondo del recipiente. Al hidratar esta pelicula lipidica con un medio acuoso, se generan
vesiculas liposomales. Si la molécula activa que se desea encapsular es hidrdfila, se incorpora
en el medio acuoso durante la hidratacion; en cambio, si es lipdfila, se incluye en el proceso

de formacion de la pelicula lipidica.

Pese a ser uno de los métodos mas sencillos, el método de Bangham tiene su dificultad por
cierta complejidad en el procedimiento y la utilizacion de aparataje especifico necesario para
lograr la formacion de los liposomas. Actualmente, es posible simplificar el proceso de
liposomado de manera que el formulista solo precise de un simple agitador magnético,

material de vidrio y filtros esterilizantes de 0,22 um.

En el Anexo D se muestra el procedimiento normalizado de trabajo (PNT) para la elaboracion

de la formulacion liposomal de sirolimus al 0,4%. Los componentes y el método de ejecucion
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quedan reflejados en el documento, destacando los siguientes aspectos en cuanto al proceso

y a la innovacion galénica que supone la formulacion liposomal.

SoLUCION LiposoMAL

En el dmbito cosmético y farmacéutico se utilizan soluciones lipidicas ya preparadas y
comercializadas que son capaces de formar liposomas tras adicionar una solucion acuosa. En
concreto, la solucion liposomal Guinoxome® de laboratorios Guinama S.LU. permite formar
liposomas facilmente y de gran calidad, incorporando los principios activos lipdfilos
directamente a la solucion liposomal o, en caso de encapsular sustancias hidrdfilas,
adicionarlas a la solucion acuosa. El fosfolipido mayoritario en la solucion liposomal
Guinoxome® es la fosfatidilcolina y permite obtener nanovesiculas de tipo unilamelar (SWV'y

LUV) con tamafios de particula comprendidos entre 150 y 800 nm de diametro.

COLESTEROL

Las bicapas lipidicas de los liposomas estan constituidas principalmente por fosfatidilcolina y
pueden contener colesterol. El paso previo a la elaboracion de los liposomas consiste en la
adicion de colesterol al Guinoxome® hasta su completa disolucion. El colesterol induce
cambios en las propiedades reoldgicas de las membranas otorgando posteriormente a los

liposomas una estructura mas compacta y resistente.
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MRISTRATO DE ISOPROPILO

El miristrato de isopropilo es un producto emoliente muy ligero que reduce la sensacion grasa
en las formulaciones. También se utiliza como disolvente, aglutinante, diluyente y promotor

de la absorcion percutanea.

PROPILENGLICOL

El propilenglicol tiene propiedades humectantes, antioxidantes y estabilizantes mejorando la

consistencia de la formulacion final.

NaOH

El hidroxido de sodio (NaOH) se utiliza para ajustar el pH de la formulacion liposomal a 7.0-

1.5, lo cual incrementa la estabilidad de los liposomas en el tiempo.

CARBOPOL

El carbopol o carbomer es un agente gelificante puede absorber hasta cien veces su peso en
agua dando lugar a geles de gran viscosidad. El rango util de pH del gel de carbopol es 4.5-

9.0, perdiendo su capacidad de formar geles por encima de 9.0.
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Figura J. Formulacion liposomal de sirdlimus al 0,4%.
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Para evaluar la estabilidad quimica de sirélimus en las cuatro formulaciones estudiadas, se
implementaron diversos métodos de extraccion, adaptados a cada formulacion, junto con un

método cromatografico para la cuantificacion del sirolimus.

EquPo

Para el andlisis cromatografico se utilizé un cromatografo liquido de alta resolucion Agilent
Technologies 1100 (Agilent Technologies Inc., Waldbronn, Karlsruhe, Alemania) equipado con
una bomba cuaternaria, un detector de matriz de diodos con deteccion ultravioleta-visible, un
compartimento de columna termostatizado, un inyector automético y un ordenador HP

Compaq con el software Chemstation para LC 3D de Agilent Technologies.

CONDICIONES CROMATOGRAFICAS

Se empled una columna de fase reversa C18 Kromasil® con unas dimensiones de 150 mm de
longitud x 4.6 mm de diametro interno, y 5 um de tamafio de particula. La fase mavil utilizada
consistio en una mezcla de acetonitrilo y agua en una proporcion de 75:25 (v:v). El flujo de la
fase movil se mantuvo constante a 1 ml/min, y se inyectd un volumen de muestra de 10 puL
para cada andlisis. La columna fue sometida a una temperatura de 50°C y el tiempo total de
andlisis fue de 15 minutos por muestra. La longitud de onda establecida para la deteccion del

sirolimus fue 280 nm.
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VALIDACION DEL. METODO CROMATOGRAFICO

Se desarrolld un método basado en cromatografia liquida de alta resolucion con deteccion
ultravioleta/visible (HPLC-UV/Vis) y se valido conforme a las directrices establecidas por
ICHG2R1 (International Conference on Harmonisation. Validation of Analytical Procedures)
(45). En funcion del método de extraccion de sirdlimus de la formulacion, las matrices de las
muestras a analizar por HPLC fueron diferentes, por lo que se llevo a cabo una validacion del
método cromatografico para las muestras obtenidas de las formulaciones pomada, emulsion
y gel y otra validacion para las muestras de la formulacion liposomal. En el primer caso la
matriz fue una mezcla compuesta por acetonitrilo, hexano y agua para inyeccion (API) y en el

segundo, metanol (dilucion 1/20).

Los parametros a validar fueron linealidad, especificidad, exactitud, precision del método,
precision intermedia, limite de deteccion (LD) y cuantificacion (LC). Para ello se prepararon
por duplicado 6 disoluciones patron de sirdlimus de concentracion creciente (0,025, 0,05,

0,075, 0,1, 0,125 y 0,15 mg/ml) en la matriz correspondiente.

Linealidad: se represento graficamente la absorbancia medida (eje y), a partir del area de pico
de sirdlimus de los patrones obtenido del cromatograma, versus la concentracion de sirdlimus
(eje x) y se determind el coeficiente de correlacion (r), la ordenada en el origen y la pendiente

de la linea de regresion.

Especificidad: se evaluo la presencia de interferencias en el tiempo de retencion de sirélimus.
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Exactitud (% recuperacion): se determiné por el método de adiciones estandar, afiadiendo una
cantidad conocida de sirdlimus (0%, 50%, 100%, 150%) a una muestra de sirdlimus de

concentracion conocida. Se calculo el porcentaje de recuperacion.

Precision del método (repetibilidad): se analizaron tres disoluciones patron de sirdlimus de
diferente concentracion (0,025, 0,075, y 0,15 mg/ml) seis veces y se calculd la desviacion

estandar relativa para cada concentracion.

Precision intermedia (reproducibilidad): la precision intra-dia se determind analizando tres
disoluciones patron de sirélimus de concentracion diferente (0,025, 0,075, y 0,15 mg/ml) tres
veces en un mismo dia, y la precision inter-dia, analizando las tres disoluciones durante 5

dias.

Limite de deteccion y limite de cuantificacion: se calcularon utilizando las siguientes
ecuaciones, LD = 3-0/S y LC = 10-0/S, siendo o la desviacion estandar de la ordenada en el

origen de la linea de regresion y S, la pendiente.

Este proceso de validacion garantiza la robustez y fiabilidad de los métodos analiticos
empleados en el estudio, proporcionando asi una base sélida para la interpretacion de los

resultados obtenidos (Figuras Ky L).
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Figura L Recta de calibrado: liposomas.
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EXTRACCION DE SIROLIMUS

Para la extraccion del sirdlimus a partir de la pomada, la emulsion y el gel, se introdujeron
0,100 g de formulacion en un tubo de vidrio con 4 ml de una mezcla de acetonitrilo, hexano y
APl y se agitaron en el vortex durante 10 segundos. A continuacion, las muestras se
centrifugaron a 3500 rpm durante 10 minutos. Se elimind el sobrenadante resultante y se
tomaron alicuotas de 1 ml para analisis por HPLC. Para la extraccion del sirdlimus de los
liposomas se introdujeron 0,100 g de formulacion en un tubo de vidrio con 4 ml de metanol.
Las muestras se agitaron en el vortex durante 10 segundos, se pipetearon alicuotas de 50 ul
y después de una dilucion 1/20 con metanol se analizaron con el método HPLC. La dilucion se
realizd para evitar que los liposomas dafiaran la columna del cromatdgrafo. Todas las
extracciones de sirdlimus se realizaron a temperatura ambiente de 23°C y 65% de humedad

relativa del aire (Figura M).

CUANTIFICACION DE SIROLIMUS

Siguiendo el método de extraccion de sirdlimus en funcion de la formulacion, se tomaron
muestras por triplicado de cada formulacion a diferentes tiempos (t) =0, 2, 7, 14, 21, 28, 42 y
56 dias. Del anlisis cromatografico de cada muestra, se midié la absorbancia de sirdlimus a
partir del area del pico e interpolando en la recta de regresion se determind la concentracion
de sirdlimus. A partir de la concentracion se calculd la cantidad de sirélimus por cantidad de

formulacion pesada (Q, mg/g) y el contenido porcentual de sirdlimus remanente (%CR).
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El pardmetro Ty fue el criterio de estabilidad quimica correspondiendo al tiempo después del

cual el %CR es inferior o igual al 90%.

Figura M. Extraccion a partir de las formulaciones y analisis de sirélimus por HPLC.
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Todos los procedimientos pertinentes para establecer la estabilidad fisica de las
formulaciones se realizaron siguiendo las especificaciones del Formulario Nacional de
Medicamentos (46) y la Guia de Buenas Practicas en la Preparacion de Medicamentos en los

Servicios de Farmacia Hospitalaria (47).

Se evaluaron sobre superficie transparente las propiedades galénicas de uniformidad,
extensibilidad, ausencia de cristales y ausencia de separaciones de fases durante los tiempos
(t)=0,2,7,14,21, 28, 42 y 56 dias para cada formulacion. Se establecieron 3 niveles para cada

propiedad siendo el nivel 1, el menos favorable, y nivel 3, el mas favorable.

CARACTERIZACION DE LOS LIPOSOMAS

Con el fin de confirmar la formacion de los liposomas y establecer su morfologia se obtuvieron
el tamafio medio de particula, el indice de polidispersion (Pdl), el potencial Z y la eficiencia de
encapsulacion (EE%) por triplicado a tiempo (t) = 0 dias. Para el desarrollo de estas
investigaciones fue necesaria la colaboracion del Instituto Universitario de Ciencia de los

Materiales de la Universidad de Valencia.

El tamafio medio de particula, el Pdl y el potencial Z se determinaron mediante una técnica
por espectroscopia de difraccion de luz laser conocida como “Dynamic Light Scattering” (DLS)

utilizando un Zetasizer nano-S (Malvern Instruments, Worcestershire, Reino Unido).
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El Pdl es la medida de la distribucion de los tamafios de las particulas presentes en una
suspension. Se considera que una formulacion es monodispersa y homogénea cuando

presenta una polidispersion menor o igual a 0,2.

La importancia del potencial Z radica en que su valor condiciona la estabilidad de una
formulacion. Las suspensiones logran estabilidad eléctrica cuando poseen un potencial Z
tanto negativo como positivo de alta magnitud. En contraste, aquellas con un bajo potencial Z
tienden a sufrir coagulacion o floculacion, lo que compromete su estabilidad fisica. En
términos generales, un alto potencial Z en una suspension indica que las fuerzas de repulsion
entre particulas superan a las fuerzas de atraccion, contribuyendo asi a un sistema mas

estable.

La EE% se determind mediante ultrafiltracion, utilizando filtros de ultracentrifugacion
Amicon® (Merck Millipore, Irlanda) con un limite de peso molecular de 10.000 Daltons. Se
anadio una alicuota de 500 pl de la formulacion liposomal al deposito de muestra del filtro y
se centrifugo durante 15 minutos a 14.000 g. Posteriormente se alicuotaron 50 L del filtrado
por duplicado y, después de una dilucion 1/20 con metanol, se analizaron mediante HPLC para
determinar la concentracion de farmaco libre. Para los calculos de la capacidad de

encapsulacion se utilizo la siguiente ecuacion (48) (49):

Wt

EE% = x 100

Donde Wt y WF representan la cantidad total del farmaco y la cantidad libre del farmaco,
respectivamente.
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Se tomaron muestras por duplicado de cada formulacion a t=28 y 56 dias y se incubaron en
agar sangre a 37°C, segun las instrucciones de control microbiologico del Formulario
Nacional. Para el desarrollo de estas investigaciones fue necesaria la colaboracion e

implicacion del Servicio de Microbiologia del Hospital Universitario Doctor Peset de Valencia.
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La fase de evaluacion clinica corresponde a un estudio observacional, prospectivo,
longitudinal y multicéntrico con el objetivo de evaluar la efectividad y la seguridad del
sirolimus tdpico liposomal al 0,4% en pacientes con AF asociados a ET segun practica clinica
habitual. El periodo de estudio durante el que se reclutaron los pacientes fue entre diciembre
de 2021 y octubre de 2023. Los centros participantes fueron el Hospital Universitario Doctor
Peset y el Hospital Clinico Universitario de Valencia, Espafia. Asimismo, los servicios clinicos
implicados fueron el Servicio de Farmacia del Hospital Universitario Doctor Peset y los

Servicios de Dermatologia de ambos hospitales.
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El estudio clinico se dividio en tres fases: seleccion, tratamiento y seguimiento. Las

evaluaciones llevadas a cabo en cada fase pueden consultarse en la Figura N.

Se evalud la idoneidad de los participantes para su inclusion en el estudio. Se obtuvo el
consentimiento informado y se recopilaron datos demograficos, antecedentes médicos y

medicamentos concomitantes de los pacientes.

La fase de tratamiento consistio en una visita clinica al inicio (Vo) y tres visitas posteriores
donde se evalud la efectividad y la seguridad después de 2, 12 y 24 semanas de tratamiento
con la formulacion liposomal de sirdlimus topico al 0,4% (P, V2 y Vs). La posologia fue de tres
veces por semana, preferiblemente por la tarde o la noche. La cantidad de formulacion
necesaria para producir una fina capa confluente sobre la piel fue de 6 mg/cm? y se baso en
el tamafio del area afectada. Se retird completamente cualquier resto de formulacion después
de 2 o0 3 horas de exposicion mediante lavado con agua y jabon neutro. Se recomendo hidratar
bien la zona y usar fotoproteccion total durante todo el afio. Los pacientes que interrumpieron
prematuramente el tratamiento fueron sometidos a una visita (V) en la que se evaluo la

efectividad y seguridad.
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Se realizo una visita de seguimiento (P) para evaluar la seguridad cuatro semanas después

de la visita Vs o bien cuatro semanas después de V..

Vv P V; Vs P,
PR dedmeeeeo L e e 4 gmmmmmmee 4
| TRATAMIENTO ! SEGUIMIENTO |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 4 LTI
24 semanas \; 4 semanas
Cl
inclusidn Efectividad (FASI, IGA, VCS, DLQI) Seguridad
exclusion Seguridad (EAs, Hema, Fcc) (EAs)

Figura N. Fases del estudio clinico.

Vo, V2, Vs y Vi visitas presenciales. P y P visitas telefonicas.

Cl: Consentimiento Informado, FASI: Facial Angiofibromas Severity Index, IGA: Investigator's Global Assessment, DLQL:

Dermatology Life Quality Index, VCS: valoracion clinica subjetiva, EAs: eventos adversos, Hema: pruebas hematoldgicas, Fcc:
niveles sanguineos de sirdlimus.
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Todos los pacientes incluidos en el estudio debian cumplir todos los criterios de inclusion y

ninguno de exclusion.

— Pacientes con edades comprendidas entre 10 y 65 anos en el momento en que se obtiene
el consentimiento informado.

—> Pacientes diagnosticados de ET que presenten lesiones cutaneas visibles compatibles con
AF.

—> Puntuacion FASI de al menos 3 y no superior a 8.

—> Puntuacion IGA de al menos 2 y no mayor a 4.

—> Pacientes que hayan estado en tratamiento con algun inhibidor de mTOR (sirdlimus,
tacrolimus, temsirolimus) en los 3 meses anteriores a la seleccion por cualquier via de
administracion.

—> Pacientes con terapia laser o quirurgica en los 6 meses previos a la seleccion.

— Pacientes con lesiones cutaneas graves como erosiones o Ulceras.

—> Pacientes con hipersensibilidad conocida a cualquier componente o excipiente.

— Pacientes con disfuncion inmune o que reciban cualquier terapia inmunosupresora.

—> Mujeres embarazadas o en periodo de lactancia.
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EscaLAS DE EvALUACION OBJETIVA DE LOS ANGIOFIBROMAS FACIALES

La mayoria de los estudios que encontramos en la literatura evaldan la efectividad del
sirolimus topico mediante la evaluacion subjetiva segun la opinion del investigador, por
ejemplo, a través de fotografias. No obstante, también existen métodos validados que
permiten una evaluacion objetiva de la severidad de los angiofibromas: las escalas FASI

(Facial Angiofibromas Severity Index) e IGA (Investigator's Global Assessment).

La escala FASI es una herramienta simple y reproducible que otorga una puntacion al paciente
en funcion de la severidad de los AF (50). Es una escala especifica para ET, que permite
calcular un indice sumando las puntuaciones individuales asignadas a tres caracteristicas
consideradas relevantes para evaluar la afectacion facial: eritema, tamafio y extension de las
lesiones. En la Figura O se presentan imagenes clinicas junto con las puntuaciones
correspondientes. El eritema y el tamano de las lesiones se califican en una escala del 0 al 3,
mientras que la extension tiene un mayor peso (2-3) debido a su importancia para estimar la
gravedad. En casos en los que un mismo paciente presenta lesiones de diferentes grados de
severidad, se consideran las puntuaciones de las lesiones predominantes. En definitiva, se
establecen tres niveles de severidad facial: leve, moderada y grave, con rangos de puntuacion
de <5, 6-7y = 8, respectivamente.
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Erythema
Skin color =0

Lightred=1

Dark red/purple =3

Size
Confluent = 3

Small (<5 mm) = 1 Large (>S mm) = 2

Extension
< 50% cheek surface = 2 > 50% cheek surface = 3

Mild:< 5
FASI score Moderate: 6-7
Severe:2 8

Figura 0. Escala FASI de valoracion objetiva de los angiofibromas faciales.

EscALAIGA

La escala IGA no es especifica de ETy es utilizada en diversas patologias dermatoldgicas como
la psoriasis o la dermatitis atdpica. En la literatura encontramos una variante de esta escala
adaptada a las caracteristicas de los AF que ha sido utilizada en algunos estudios para evaluar
de manera objetiva la efectividad del tratamiento con sirdlimus topico. La escala IGA
establece 5 niveles de severidad: de 0 a 4, siendo el nivel 4 el de mayor gravedad en los AF

estudiados (25).
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CUESTIONARIO DE CALIDAD DE VIDA

La satisfaccion de los pacientes y la mejora en la calidad de vida representan un aspecto muy
relevante en este tipo de estudios. Los AF aparecen en edades tempranas y constituyen un

problema serio de autoimagen especialmente en los pacientes adolescentes (7) (8).

El cuestionario de calidad de vida DLQl (Dermatology Life Quality Index) se utiliza en la
practica habitual y en los ensayos clinicos para evaluar el impacto de los sintomas de las
enfermedades dermatoldgicas y de los tratamientos en la calidad de vida de los pacientes
(51). El cuestionario se compone de 10 peguntas con cuatro respuestas alternativas:
“muchisimo”, “mucha”, “un poco”, o “en absoluto” con las puntuaciones correspondientes de 3,
2,1y 0 puntos, respectivamente. El DLQI se calcula sumando la puntuacion de cada pregunta,
lo que da como resultado un maximo de 30 y un minimo de 0 puntos. Cuanto menor sea la

puntuacion, mayor sera la calidad de vida del paciente.

El cuestionario DLQI tiene diferentes versiones segun la patologia evaluada; para este estudio
en particular se ajusto el contenido de las preguntas para abordar los sintomas especificos
de los AF, tales como sangrado, eritema, escozor, asi como también se considero el contexto

psicosocial asociado a esta enfermedad (Anexo F).
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Ademas de reportar los eventos adversos asociados al tratamiento con sirélimus topico,
estudios previos examinaron la seguridad mediante andlisis de laboratorio, como pruebas de
hematologia o farmacocinética. En la fase clinica, todas estas pruebas se llevaron a cabo

utilizando el equipo analizador Abbott Architect®, Abbott Park, IL, USA.

HEMOGRAMA

Debido a sus propiedades inmunosupresoras y de inhibicion de la via mTOR, la accion
farmacoldgica del sirdlimus bloquea el ciclo celular de los linfocitos T. Asi, el control
hematoldgico a través del recuento de las plaquetas, la serie roja y en especial la
cuantificacion de la serie blanca por citometria de flujo tiene especial interés y aporta un

control adicional a la evaluacion de la seguridad de la terapia topica (40) (41).

FARMACOCINETICA

La determinacion de niveles sanguineos se realizo con el fin de garantizar la no absorcion
sistémica y paso al torrente sanguineo del sirdlimus tras la aplicacion tdpica. Diferentes
estudios evaluan la seguridad a través de los niveles sanguineos de sirolimus y la mayoria de
ellos muestran concentraciones indetectables o que oscilan entre 0,5 y 0,8 ng/ml, lo cual esta
considerablemente por debajo del umbral necesario para producir un efecto inmunosupresor

(2,6 ng/ml) (52) (53).
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La determinacion cuantitativa del sirdlimus en sangre entera se realizd a través de un
inmunoanalisis quimioluminiscente de microparticulas en el autoanalizador Architect®,
Previo al analisis, se llevo a cabo un pretratamiento de las muestras (150 ul) con un reactivo
precipitante (300 pl), seguido de incubacion (10 minutos a 42°C) y centrifugacion (5 minutos a

10.900 rpm). EL limite de deteccion de la técnica fue de 0,3 ng/ml.
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Se realizé un andlisis descriptivo de todas las variables al inicio del estudio, las variables
continuas se expresaron como medias y desviaciones estandar y las variables cualitativas
como frecuencias absolutas, porcentajes y proporciones. El analisis estadistico se realizo
utilizando la aproximacion analisis por intencion de tratar (AIT). Todos los pacientes que
participaron en el estudio fueron incluidos en el andlisis, independientemente de la
cumplimentacion del tratamiento o la existencia de desviaciones en el protocolo de estudio.
Se utilizo la prueba de Shapiro-Wilk para estudiar la normalidad de los datos. Debido a la
distribucion no-normal de las variables, se realiz6 una transformacion logaritmica, si bien no
fue efectiva para la totalidad de las variables del estudio. Finalmente, los resultados se
analizaron mediante tests no paramétricos, utilizando la prueba de Wilcoxon para muestras
relacionadas. Las variables se expresaron como medianas y rangos intercuartilicos (IGR) en
los resultados de las pruebas no paramétricas. Los valores se consideraron estadisticamente
significativos cuando el valor p fue menor de 0,05. Para procesar los datos se utilizo el

aplicativo estadistico Stata® 13.1.

58 | Pagina



CAPITULO PRIMERO

59 | Pagina



Tesis Doctoral | Clara Cortell Fuster

60 | Pagina



Capitulo Primero

CAPITULO PRIMERO

TOPICAL RAPAMYCIN IN THE TREATMENT OF FACIAL ANGIOFIBROMAS IN TUBEROUS

SCLEROSIS: A SYSTEMATIC REVIEW BASED ON EVIDENCE

Cortell Fuster, Clara'; Martinez Gomez, Maria Amparo’; Cercos Lleti, Ana Cristina'; Climente

Marti, Monica'
'Servicio de Farmacia, Hospital Universitario Dr. Peset. Valencia. Spain
Journal of Dermatological Treatment, 2022 Jun;33(4):1804-1810.

DOI: 10.1080/09546634.2021.1905768

61| Pagina



Tesis Doctoral | Clara Cortell Fuster

facial angiofibromas of tuberous sclerosis are the most prevalent cutaneous
manifestation, affecting 80% of patients, which cause facial lesions with negative psychosocial
consequences. Newly, topical rapamycin has been established as an effective and safe

therapy for this skin condition.

to analyze the available scientific evidence about the effectiveness and safety of

topical sirolimus in the treatment of facial angiofibromas in tuberous sclerosis.

a literature search was conducted in PubMed and Cochrane. Effectiveness and safety

were analysed along with the main characteristics of each formulation in all included studies.

thirty studies were included involving a total of 508 patients, developed in the last 20
years. Four randomized clinical trial, 17 case series and 9 single case reports were founded.
Multiple topical rapamycin concentrations (0.003%-1%) and formulations (gel, ointment,
solution) were found in literature. Rapamycin demonstrated its effectiveness in all studies
included, except for 5 patients in a 1b study. Rapamycin was shown to be safe for the treatment

of facial angiofibromas.

Topical sirolimus can be considered an effective and safety option for the
treatment of facial angiofibromas in tuberous sclerosis. However, further long-term studies

need to establish an evidence-based therapeutic protocol.
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INTRODUCTION

Tuberous sclerosis (TS) is a rare disease with anincidence of 1in 6,000 to 1in 10,000 individuals
(1). Genetically, it is an autosomal dominant inherited disease with variable expression, caused
by the inactivation of either of two tumor suppressor genes: TSCl or TSC2(2) (located on
chromosome 9 and 16, respectively). These genes encode the hamartin and tuberin proteins
which form an important heterodimer (TSCI-TSC2 complex) (3) key to regulating cell
proliferation and differentiation of the mTOR (mammalian target of rapamycin) pathway. All
of these mechanisms translate into the multisystem formation of benign non-invasive tumors,
called hamartoma and distributed in tissues and organs such as: brain, kidneys, lungs, heart,
eyes and skin. These anatomo-clinical manifestations were first published by Bourneville in

1880 (4). For this reason, Bourneville disease is a TS synonym.

The most prevalent skin condition in TS are facial angiofibromas (FA), which occur in up to
80% of patients (5) and they are one of the main criteria for diagnosis. FA appear between 2
and 5 years of age, and grow in number and size stabilizing in adolescence (2). The visual
impact of facial injuries, with the aesthetic and psychological problem that they entail (6)(7),
has motivated the use of multiple treatments to improve the quality of life of patients (8).
Physical treatment includes radiofrequency, electrocoagulation, cryotherapy, dermabrasion
and laser therapy (3,9). The main problem with these techniques is that are invasive and
painful, and require anesthesia. Tranilast or podofilotoxin has been used as a pharmacological
treatment, but recent publications place rapamycin (sirolimus) as the most appropriate

pharmacological alternative, based on favourable data of effectiveness and safety (5).

63 | Pagina



Tesis Doctoral | Clara Cortell Fuster

Rapamycin is a potent m-TOR inhibitor and has immunosuppressive, antitumor and
antiangiogenic properties, which was first developed in the 1990s (10). Several studies have
shown the improvement of FA after post-renal immunosuppressive therapy with oral
rapamycin (11-13). According to these experiences, topical therapy was raised, because
prevented the patient's systemic exposure to drug. The first experience in topical rapamycin
treatment was in 2010 by Haemel et al (14), and reported an improvement in FA after 12 weeks
with 1% rapamycin. The effectiveness of topical sirolimus has been evaluated mostly by the
subjective investigator evaluation (15,16). Salido-Vallejo in 2014 assessed the effectiveness
with a standardized scale: Facial Angiofibromas Severity Index: FASI score (17), scoring facial
injuries based on erythema, size and extension. However, there is not a commercially
available formulation, and the risk-benefit profile has not been thoroughly investigated. In
addition, rapamycin was added to NIOSH list as a hazardous drug in 2014 (18), which results in
greater control in the development of topical formulations. The objective of this systematic
review is to analyse the available scientific evidence about the use of topical rapamycin in the

treatment of FAiIn TS.
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METHODS

A retrospective review was conducted to identify clinical studies involved in the evaluation of
effectiveness and safety around the use of topical rapamycin for FA in TS. Publications were
identified in PubMed's MEDLINE and Cochrane databases from January 2000 to December
2020. Last search date: 01/19/2021. Key search words (included in MeSH terms) (19)
‘rapamycin’, 'sirolimus), ‘rapamune’, 'angiofibroma’, 'dermatofibroma’ and 'tuberous sclerosis'
were used. E-search strategy for PubMed database was ('sirolimus'[tiab] OR
"rapamycin”[tiab] OR  ‘"rapamune'[tiab])  AND ("angiofibroma"[All  Fields] OR
"dermatofibroma”[All  Fields]) @ AND  “tuberous  sclerosis'[All  Fields] = AND
("2000/01/01"[PDAT]:"2020/12/31"[PDAT])). The methods used for extracting data from
publications were excel forms and reading studies. Inclusion criterion: clinical trials and case
reports related to treatment with any topical formulation (concentration and vehicle) of
rapamycin for FA in TS. Exclusion criteria: different diagnosis of FA in TS, non-topical
rapamycin treatment, reviews, non-english language articles, letters to the editor, animal
trials and full text not available. Level of evidence for each publication was established
according to CEBM scale (Centre for Evidence-Based Medicine) of Oxford (20) (Table 1). For
each study we analysed effectiveness (subjective improvement assessed by the investigator,
quality-of-life questionnaires or FASI scale) and safety (adverse events, blood cell counts and
rapamycin blood levels during treatment). To complete the studies description, we also

described the number of patients (n), the concentration and vehicle used, the study design for
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randomized clinical trials, another therapies associated with topical rapamycin treatment,

posology and duration of treatment (weeks).

Table 1. Level of Evidence (CEBM scale, Oxford).

1a SR/MA of RCTs

b Individual RCT (with a narrow confidence
interval)

Tc Clinical practice (all of them or none)

2a SR/MA of cohort studies

2b Individual cohort study (including low
quality RCT)

2c Outcomes research. Ecological studies

3a SR/MA or case-control studies

3b Individual case-control study

4 Case series (poor quality cohort and
case-control studies)

5 Expert opinion

CEBM: Centre for Evidence-Based Medicine
RCT: Randomized Clinical Trial

SR: Systematic Review

MA: Meta-Analysis
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A total of 66 publications were screened, 30 articles met the inclusion criterion and did not

present any exclusion criteria, involving 508 patients (Figure 1). Among them, there were 4

randomized clinical trials (21-24), 17 case series (15,16,25-39) and 9 single case reports (14,40-

47). Five studies combined topical rapamycin with other therapies: laser (33,42,47),

electrosurgery (42), topical tacrolimus 0.03% (25) or calcitriol (24). In one patient oral

rapamycin at 3mg daily was added to improve the efficacy of topical therapy (28). In the other

24 studies topical rapamycin was used as monotherapy (14-16,21-23,26,27,29-32,34-41,43-46)

(Table 2). In addition, in three of them, patients were applied rapamycin in one area of the face

and vehicle only in the other side (25,31,35).

Screened publications, n=66

Inclusion criteria

e clinical trials/case reports
about topical rapamycin for
FAInTS

Exclusion criteria

different diagnosis of FAin TS, n=6
non-topical rapamycin treatment, n=15

v

v

Included publications,
n=30, 508 patients

reviews, n=b

non-english language, n=2
letters to editor, n=3
animal trials, n=1

full text not available, n=3

Randomized Clinical trials, n=4

Case series, n=17

Single case reports, n=9

Figure 1. Studies selection.
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After analysis of level of evidence according to CEBM scale, four studies with level 1b of
evidence (individual randomized clinical trial with narrow Confidence Interval) were identified
(21-24). The other studies were classified in level 4 of evidence (Case-series: poor quality

cohort and case-control studies) (Table 1 and 2).

High variability was observed in concentrations chosen for topical formulations (from 0.003%

to 1%).

With a total amount of 508 patients treated, the most prevalent concentration in literature
was 0.1% (213 patients, 41.9%), followed by 0.2% (108 patients, 21.3%) and 1% (65 patients, 12.8%).
The other concentrations (0.5%, 0.4%, 0.05%, 0.003% and 0.015%) were used as a group in 48
patients, 11.8%. 79 patients (15.6%) were treated with vehicle only (placebo effect) in

randomized clinical trials. (Table 2).

Different excipients were used in the studies to formulate rapamycin. The ointment with
lipophilic excipients was the first choice, corresponding to 212 patients, 41.7%, followed by gel
(85 patients, 16.7%), commercially available creams: Skincerity®, Eucerin® and Dexeryl® (25
patients, 4.9%), solution (5 patients, 1.0%) and ointment with hydrophilic excipients (2 patients,

0.4%). In 179 cases (35.2%) the vehicle was not defined. (Table 2).
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Table 2. Systematic review of literature.

Hatano et o ; .
2020 al(39) 4 33 0.2% Gel - None Twice daily 12
Rapamycin
0.1% vs
rapamycin- .
2020 | Chenetal b 52 0.1% Ointment | calcitriol | P | Twice daily 2%
(24) . calcitriol
0.1% vs
calcitriol
only
200 | Okamishiet |, 9 0.2% Gel - None | Twicedaily | 24
al (16)
Twice daily
2019 | Whelesset 4 1l 0.1% Ointment - None | forZweeks | g,
al (15) and once
daily
Negosanti 0 . . .
2018 et al(47) 4 1 0.05% Ointment - Laser Twice daily 20
Lee et .
2018 4 36 0.2% Ointment - None NR 26
al(38)
Koenig et 0,1% vs 1%
2018 | "oemge 1b 179 0.1%; 1% NR vs vehicle None NR 2%
al(23)
only
Amin et 0 . .
2017 al(37) 4 14 0,1% Ointment - None Once daily 24
Wang et 0 . . .
2017 al(36) 4 29 0.1% Ointment - None Twice daily 36
Ebrahimi-
2017 | fakhari et 4 1 0.1% Ointment - None Twice daily 164
al(46)
0.05% vs
Wataya- S 01% vs
2017 | Kaneda et b 36 0'05/"',0'1 % Gel 0.2% vs None Twice daily 16
0.2% .
al(22) vehicle
only
Cinar et 0 . . .
2017 al(35) 4 12 0.1% Ointment - None Twice daily 24
Schwartz 0 . . .
2016 et al(45) 4 1 0.1% Ointment - None Twice daily NP
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Pynn et 0 . _ . _
2015 al(34) 4 2 0.1% Ointment None Once daily 20-36
201, | Parket 4 4 0.1% Ointment - Laser | Twicedaily |  48-84
al(33) /e y
Twice daily
and
2014 | Tuetal(32) 4 19 0.1-1% Ointment - None three/four 32-120
times per
week
201 | Knopfel et 4 1 0.2% Ointment _ None | Tvetimes 48
al(43) per week
Tiedemann Three times
2013 | Svendsen 4 1 0.4% Ointment - None or week 24
et al(44) p
Bae- Laser and
2013 | Harboe et 4 1 0.2% Ointment - electrosurg NR NP
al(42) ery
Tanaka et o Gel and . .
2013 al(31) 4 1 0.2% Ointment - None Twice daily 12
Wheless et Hydrophilic Twice daily
2013 4 2 0.1% arop - None and once 48
al(30) ointment .
daily
0,003% vs
Koenig et o 0 . S ® 0,015% vs Once daily
2012 al(2l) 1b 23 | 0.003%; 0.015% | Skincerity vehicle None (nightly) 24
only
Foster et Ointment
2012 | TO2ere 4 4 0.1% and - None | Twice daily 24
al(29) !
Solution
2012 | Truchuelo 4 1 1% Dexeryl® ; None | Once dail 4
et al(41) ° ry y
Kaufman Eucerin®
2012 | McNamara 4 2 0.1% and - None Once daily 12
et al(28) Solution
2012 | Selidoet 4 10 0.4% Ointment ; None | mreefimes) 0
al(27) per week
gon | Mdtizwa et 4 2 0.1% Solution ; None | Twicedaily | 10-23
al(2é)
Wataya- Topical
2011 | Kaneda et 4 9 0.2% Ointment - I Twice daily 16
tacrolimus
al(25)
Deklotz et o . . .
201 al(40) 4 1 1% Ointment - None Twice daily 4
2010 Z'ﬁfffel et 4 1 1% Ointment - None | Twice daily 12

70 | Pagina




Capitulo Primero

CEBM: Centre for Evidence-Based Medicine
RCT: Randomized Clinical Trial
NR: Not reported

The most prevalent posology found in literature was: twice daily (133 patients, 46.9%), once
daily (53 patients, 10.4%) and three times weekly (11 patients, 2.2%). In 179 cases (35.2%)

posology was not reported. (Table 2).

Rapamycin demonstrated its effectiveness in all studies included, except for 5 patientsin a 1b

study (21).

A subjective evaluation by investigator was applied in 355 patients, 69.9%. FASI score (153
patients, 30.1%) and another unvalidated scales (53 patients, 10.4%) were used to a lesser
extent. In addition, three studies assessed the effectiveness with quality-of-life

questionnaires for patients (23,37,39).

Only one of higher quality studies used FASI score for effectiveness assessment (24). The other
three used quality-of-life questionnaires (23), and a subjective evaluation by investigator (21-

23). (Table 3).
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Rapamycin was shown to be safe for the treatment of FA. In only some patients did it cause
dermatological side effects. Two serious adverse events was reported: pneumonia in the
context of a seizure (21), and a septic shock by urinary tract infection (24), both required
hospitalization. The relationship with topical treatment was dismissed in the first study (21),
because rapamycin blood levels were undetectable. Two patients developed uncommon side
effects: headache (28) and perioral dermatitis (32). Both disappeared after dose reduction of
oral rapamycin and after antibiotic treatment, respectively. The most common adverse events

in higher quality studies (21-24) were pruritus, erythema, pain and dry skin (Table 3).

To provide more safety to topical rapamycin therapy, haematological tests of thrombocytes,
lymphocytes and red blood cells counts were performed in some studies (63 patients, 12.4%)
(14,21,22,28,41). These tests were normal in all cases, with no altered laboratory parameters

in patients. (Table 3).

To ensure systemic non-absorption, rapamycin blood levels was performed in 343 patients,

67.5% of all patients (14,21-23,25-27,29-33,36,41,44,46).

Rapamycin serum concentrations were undetectable (<1.0 ng/mL) in 340 patients (99.1%), and
79 of these patients belonged to the groups treated with vehicle only (placebo). In three cases
rapamycin blood levels were detectable with concentrations between 0.5 and 0.8 mcg/L

(29,32). (Table 3).
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Capitulo Primero

4/33 acne,

Hatano et Unvalidated scale and SF-36: | 3/33 irritation,

2020 al(39) improvement 3/33 dry skin, NP NP

2/33 pruritus
1/52 septic

Chen et al r shock by

2020 (24) FASI score: improvement urinary tract NP NP

infection (SAE)

2020 Okanishi et SEl: improvement 1/9 Acne NP NP
al (16)
Wheless et . Yes:

2019 al (15) SEl: improvement None undetectable NP
Negosanti .

2018 et al(47) SEl: improvement None NP NP
Lee et .

2018 al(38) FASI score: improvement 3/36 erythema NP NP

541179

Koenig et r pruritus, Yes:

2018 al(23) SEl and DLQI : improvement. erythema, undetectable NP

pain

Amin et SEl, PedsQL and SF-36:

2017 al(37) improvement 1/14 erythema NP NP
Wang et . Yes:

2017 al(36) SEl: improvement None undetectable NP
Ebrahimi- Yes:

2017 | fakhari et SEl: improvement None . NP
al(46) undetectable
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Wataya-

2017 | Kaneda et SEl: improvement 15/36 dry skin, ves. Yes: normal
al(22) erythema undetectable
2017 g:?;;) ot FASI score: improvement 3/12 erythema NP NP
Schwartz .
2016 et al(45) SEl: improvement none NP NP
Pynn et . .
2015 al(34) SEl: improvement 1/2 pruritus NP NP
Park et » Yes:
2014 al(33) SEl: improvement None undetectable NP
1/19 erythema Detectable
2014 | Tuetal(32) SEl: improvement 1/19 perioral |n([2] gatlg ';ts NP
dermatitis. DY
meg/L)
Knopfel et r
2014 al(43) SEl: improvement None NP NP
Tiedemann Yes:
2013 | Svendsen SEl: improvement None . NP
et al(44) undetectable
Bae-
2013 | Harboe et SEl: improvement none NP NP
al(42)
Tanaka et Unvalidated scale: Yes:
2013 al(3n improvement None undetectable NP
Wheless et . Yes:
2013 al(30) SEl: improvement None undetectable NP
. 1/23 i
2012 Koenig et SEl: improvement pneumonia Yes: Yes: normal
al(21) (SAB) undetectable
2/4 erythema | Detectable
2012 :?('Zt;r et SEl: improvement (rapamycin in 1 patient NP
solution) (0,8 mcg/L)
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Truchuelo . Yes:

2012 et al(4]) SEl: improvement None undetectable Yes: normal
Kaufman

2012 | McNamara SEl: improvement 1/2 headache NP Yes: normal
et al(28)
Salido et . Yes:

2012 al(27) SEl: improvement None undetectable NP
Mutizwa et . Yes:

20m al(26) SEl: improvement 2/2 erythema undetectable NP
Wataya- . ] i

201 | Kaneda et Un_valldated scale: None Yes: NP
al(25) improvement undetectable

20m gle(lzloc;tz ot SEl: improvement None NP NP
Haemel et . Yes:

2010 al(14) SEl: improvement None undetectable Yes: normal

SEl: Subjective Evaluation by Investigator
FASI: Facial Angiofibroma Severity Index
DLQI: Dermatology Life Quality Index

PedsQL: Pediatric Quality of Life Inventory

SF-36: Short Form 36 Health Survey Questionnaire
SAE: Serious Adverse Event

NP: Not performed

75 | Pagina



Tesis Doctoral | Clara Cortell Fuster

DISCUSSION

The search for mTOR inhibitors for the treatment of FA has placed rapamycin as standard
therapy ensuring effectiveness and safety in different studies. Topical rapamycin has even
been shown to be more effective than another mTOR inhibitor (tacrolimus) (25), confirming its

eligibility in TS.

The result of the current systematic review offers little literature: just 30 articles evaluating
topical rapamycin therapy for FA in TS were included, of which only four corresponds to
randomized clinical trials and the rest are case series or single case reports. This point limits
the scientific validity of the studies analysed as a whole, because most of them were classified
in level 4 of evidence (recommendation C: favourable but inconclusive recommendation)
according to CEBM scale. In addition, high variability between studies in terms of
concentration, vehicle, posology, duration of treatment and effectiveness assessment make it

impossible to choose a formulation to treat this skin disease. (Table 2 and 3).

Studies that assess effectiveness subjectively predominate, according to the investigator's
opinion. A minority of studies evaluate results with scores based on the severity of FA or
quality-of-life questionnaires for patients. Specifically, FASI score to measure effectiveness
is a simple, reproducible and validated tool for assessing the severity of FA and subsequent
response to rapamycin treatment. Thus, this scale provides a more objective assessment (17),

evaluating erythema, size and extension of FA
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Rapamycin has a favorable safety profile, as demonstrated in most studies. The incidence of
skin adverse events is as expected based on the total number of patients considered (23) and
usually disappear after the end of treatment. Several studies conducted blood cell counts and
rapamycin blood levels because this molecule has an immunosuppressive mechanism. All
haematological tests were normal. In three patients rapamycin blood levels were detectable

(0.5-0.8 mcg/L), far below the 2.6 mcg/L needed for immunosuppression (29).

Following these comments, we should consider patient satisfaction with topical therapy,
including this point in effectiveness assessment. Different studies have included the
assessment of quality of life and patient satisfaction as an important aspect in dermatological
diseases, including TS. These authors explain the development and validation of various

quality of life instruments, mostly in paediatric patients (8)(48-54).

Topical rapamycin is not a curative treatment, it has shown that FA reappear after withdrawal
(46). Therefore, ensuring adherence is important in such long-lasting treatments. There are
strategies that can help to improve adherence to treatment and guarantee greater
effectiveness and less adverse events: an easier vehicle to apply that does not compromise
the drug release into skin, gel vehicle for example (31); and a more spaced posology like three
times per week (with higher concentration of rapamycin: 0.4%) are more comfortable for

patients (2).

In conclusion, topical rapamycin can be considered an effective and safety treatment for FA
in TS. It should be noted that this is a hazardous drug since 2014 and the use is off-label with

an informed consent signed by patients. These characteristics position pharmacy services as
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key elements in the elaboration of these formulations. Hospital pharmacists can conduct a
clinical follow-up of patients, contributing to improve effectiveness and minimize adverse
reactions. In parallel, more galenic, dermokinetic and clinical studies are needed to confirm
which formulation is most appropriate to ensure effectiveness, safety and high patient

satisfaction.

The limitations of this review lie in the limited literature published for the treatment of FA in
TS with mTOR inhibitors. Most of the jobs available include few patients, predominantly case
reports. This makes it very difficult to establish an accurate, evidence-based therapeutic
decision. Despite the small number of publications included (30), this article provides a
completely updated review to date based on evidence, allowing support in therapeutic

decisions for other authors and clinicians.

78 | Pagina



Capitulo Primero

REFERENCES

(1) Curatolo P, Bombardieri R, Jozwiak S. Tuberous sclerosis. Lancet 2008 Aug

23;372(9639):657-668.

(2) Salido-Vallejo R, Garnacho-Saucedo G, Moreno-Gimenez JC. Current options for the

treatment of facial angiofibromas. Actas Dermosifiliogr 2014 Jul-Aug;105(6):558-568.

(3) Jozwiak S, Sadowski K, Kotulska K, Schwartz RA Topical Use of Mammalian Target of
Rapamycin (mTOR) Inhibitors in Tuberous Sclerosis Complex-A Comprehensive Review of the

Literature. Pediatr Neurol 2016 Aug;61:21-27.

(4) Narayanan V. Tuberous sclerosis complex: genetics to pathogenesis. Pediatr Neurol 2003

Nov;29(5):404-409.

(5) Balestri R, Neri |, Patrizi A, Angileri L, Ricci L, Magnano M. Analysis of current data on the
use of topical rapamycin in the treatment of facial angiofibromas in tuberous sclerosis

complex. J Eur Acad Dermatol Venereol 2015 Jan;29(1):14-20.

(6) Rumsey N, Clarke A, White P. Exploring the psychosocial concerns of outpatients with

disfiguring conditions. J Wound Care 2003 Jul;12(7):247-252.

(7) Zweegers J, van der Vleuten CJ. The psychosocial impact of an infantile haemangioma on

children and their parents. Arch Dis Child 2012 Oct;97(10):922-926.

79 | Pagina



Tesis Doctoral | Clara Cortell Fuster

(8) Patrick DL, Topolski TD, Edwards TC, Aspinall CL, Kapp-Simon KA, Rumsey NJ, et al.
Measuring the quality of life of youth with facial differences. Cleft Palate Craniofac J 2007

Sep;44(5):538-547.

(9) Biondo G, Greco S, Mavilia L, Mercuri SR. Treatment of nodular facial angiofibromas in
tuberous sclerosis, using ultrapulse carbon dioxide laser. Clin Exp Dermatol 2014

Aug;39(6):738-740.

(10) Leducq S, Giraudeau B, Tavernier E, Maruani A Topical use of mammalian target of
rapamycin inhibitors in dermatology: A systematic review with meta-analysis. J Am Acad

Dermatol 2019 Mar;80(3):735-742.

(11) Hofbauer GF, Marcollo-Pini A, Corsenca A, Kistler AD, French LE, Wuthrich RP, et al. The
mTOR inhibitor rapamycin significantly improves facial angiofibroma lesions in a patient with

tuberous sclerosis. Br J Dermatol 2008 Aug;159(2):473-475.

(12) Tarasewicz A, Debska-Slizien A, Konopa J, Zdrojewski Z, Rutkowski B. Rapamycin as a
therapy of choice after renal transplantation in a patient with tuberous sclerosis complex.

Transplant Proc 2009 Nov;41(9):3677-3682.

(13) Micozkadioglu H, Koc Z, Ozelsancak R, Yildiz |. Rapamycin therapy for renal, brain, and skin

lesions in a tuberous sclerosis patient. Ren Fail 2010;32(10):1233-1236.

(14) Haemel AK OBrian AL, Teng JM. Topical rapamycin: a novel approach to facial

angiofibromas in tuberous sclerosis. Arch Dermatol 2010 Jul;146(7):715-718.

80 | Pagina



Capitulo Primero

(15) Wheless MC, Takwi AA, Almoazen H, Wheless JW. Long-Term Exposure and Safety of a
Novel Topical Rapamycin Cream for the Treatment of Facial Angiofibromas in Tuberous
Sclerosis Complex: Results From a Single-Center, Open-Label Trial. Child Neurol Open 2019

Apr 14,6:2329048X19835047.

(16) Okanishi T, Fujimoto A, Enoki H, Ogai M. Early Sirolimus Gel Treatment May Diminish
Angiofibromas and Prevent Angiofibroma Recurrence in Children With Tuberous Sclerosis

Complex. Front Med (Lausanne) 2020 Jan 22,7:1.

(17) Salido-Vallejo R, Ruano J, Garnacho-Saucedo G, Godoy-Gijon E, Llorca D, Gomez-
Fernandez C, et al. Facial Angiofibroma Severity Index (FASI): reliability assessment of a new
tool developed to measure severity and responsiveness to therapy in tuberous sclerosis-

associated facial angiofibroma. Clin Exp Dermatol 2014 Dec;39(8):888-893.

(18) Department of Health and Human Services. Centers for Disease Control and Prevention
National Institute for Occupational Safety and Health. NIOSH List of Antineoplastic and Other
Hazardous Drugs in Healthcare Settings, 2014. Available

in: https://www.cdc.gov/niosh/docs/2014-138/pdfs/2014-138.pdf. 2014; . Accessed 19/06, 2019.

(19) U.S. National Library of Medicine, 8600 Rockville Pike, Bethesda, MD 20894. MeSH Terms.

Available in: https:;//meshb.nlm.nih.gov/search. 2018; . Accessed 06/19, 2019.

(20) Howick, Jeremy. Centre for Evidence-Based Medicine (Oxford). Levels of Evidence,

Oxford Centre for Evidence-based Medicine. March 2009. Available

81| Pagina


https://www.cdc.gov/niosh/docs/2014-138/pdfs/2014-138.pdf
https://meshb.nlm.nih.gov/search

Tesis Doctoral | Clara Cortell Fuster

in: https.//www.cebm.net/2009/06/oxford-centre-evidence-based-medicine-levels-

evidence-march-2009/. 2009; . Accessed 06/19, 2019.

(21) Koenig MK, Hebert AA, Roberson J, Samuels J, Slopis J, Woerner A, et al. Topical rapamycin
therapy to alleviate the cutaneous manifestations of tuberous sclerosis complex: a double-
blind, randomized, controlled trial to evaluate the safety and efficacy of topically applied

rapamycin. Drugs R D 2012 Sep 1;12(3):121-126.

(22) Wataya-Kaneda M, Nakamura A, Tanaka M, Hayashi M, Matsumoto S, Yamamoto K et al.
Efficacy and Safety of Topical Sirolimus Therapy for Facial Angiofibromas in the Tuberous

Sclerosis Complex : A Randomized Clinical Trial. JAMA Dermatol 2017 Jan 1;153(1):39-48.

(23) Koenig MK, Bell CS, Hebert AA, Roberson J, Samuels JA, Slopis JM, et al. Efficacy and
Safety of Topical Rapamycin in Patients With Facial Angiofibromas Secondary to Tuberous
Sclerosis Complex: The TREATMENT Randomized Clinical Trial. JAMA Dermatol 2018 Jul

1;154(7):773-780.

(24) Chen PL, Hong JB, Shen LJ, Chen YT, Wang SJ, Liao YH. The efficacy and safety of topical
rapamycin-calcitriol for facial angiofibromas in patients with tuberous sclerosis complex: a

prospective, double-blind, randomized clinical trial. Br J Dermatol 2020 Oct;183(4):655-663.

(25) Wataya-Kaneda M, Tanaka M, Nakamura A, Matsumoto S, Katayama I. A topical
combination of rapamycin and tacrolimus for the treatment of angiofibroma due to tuberous
sclerosis complex (TSC): a pilot study of nine Japanese patients with TSC of different disease

severity. Br J Dermatol 2011 Oct;165(4):912-916.

82 | Pagina


https://www.cebm.net/2009/06/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
https://www.cebm.net/2009/06/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/

Capitulo Primero

(26) Mutizwa MM, Berk DR, Anadkat MJ. Treatment of facial angiofibromas with topical
application of oral rapamycin solution (ImgmL(-1) ) in two patients with tuberous sclerosis. Br

J Dermatol 2011 Oct;165(4):922-923.

(27) Salido R, Garnacho-Saucedo G, Cuevas-Asencio |, Ruano J, Galan-Gutierrez M, Velez A, et
al. Sustained clinical effectiveness and favorable safety profile of topical sirolimus for

tuberous sclerosis - associated facial angiofibroma. J Eur Acad Dermatol Venereol 2012

Oct;26(10):1315-1318.

(28) Kaufman McNamara E, Curtis AR, Fleischer AB Jr. Successful treatment of angiofibromata

of tuberous sclerosis complex with rapamycin. J Dermatolog Treat 2012 Feb;23(1):46-48.

(29) Foster RS, Bint LJ, Halbert AR. Topical 0.1% rapamycin for angiofibromas in paediatric
patients with tuberous sclerosis: a pilot study of four patients. Australas J Dermatol 2012

Feb;53(1):52-56.

(30) Wheless JW, Almoazen H. A novel topical rapamycin cream for the treatment of facial

angiofibromas in tuberous sclerosis complex. J Child Neurol 2013 Jul;28(7):933-936.

(31) Tanaka M, Wataya-Kaneda M, Nakamura A, Matsumoto S, Katayama |. First left-right
comparative study of topical rapamycin vs. vehicle for facial angiofibromas in patients with

tuberous sclerosis complex. Br J Dermatol 2013 Dec;169(6):1314-1318.

(32) Tu J, Foster RS, Bint LJ, Halbert AR. Topical rapamycin for angiofibromas in paediatric
patients with tuberous sclerosis: follow up of a pilot study and promising future directions.

Australas J Dermatol 2014 Feb;55(1):63-69.
83 | Pagina



Tesis Doctoral | Clara Cortell Fuster

(33) Park J, Yun SK, Cho YS, Song KH, Kim HU. Treatment of angiofibromasin tuberous sclerosis
complex: the effect of topical rapamycin and concomitant laser therapy. Dermatology

2014;228(1):37-41.

(34) Pynn EV, Collins J, Hunasehally PR, Hughes J. Successful topical rapamycin treatment for

facial angiofibromata in two children. Pediatr Dermatol 2015 May-Jun;32(3):e120-3.

(35) Cinar SL, Kartal D, Bayram AK, Canpolat M, Borlu M, Ferahbas A, et al. Topical sirolimus
for the treatment of angiofibromas in tuberous sclerosis. Indian J Dermatol Venereol Leprol

2017 Jan-Feb;83(1):27-32.

(36) Wang S, Liu Y, Wei J, Zhang J, Wang Z, Xu Z Tuberous Sclerosis Complex in 29 Children:
Clinical and Genetic Analysis and Facial Angiofibroma Responses to Topical Sirolimus. Pediatr

Dermatol 2017 Sep;34(5):572-577.

(37) Amin S, Lux A, Khan A, O'Callaghan F. Sirolimus Ointment for Facial Angiofibromas in

Individuals with Tuberous Sclerosis Complex. Int Sch Res Notices 2017 Nov 15;2017:8404378.

(38) Lee Y1, Lee JH, Kim DY, Chung KY, Shin JU. Comparative Effects of Topical 0.2% Sirolimus
for Angiofiboromas in Adults and Pediatric Patients with Tuberous Sclerosis Complex.

Dermatology 2018;234(1-2):13-22.

(39) Hatano T, Ohno Y, Imai Y, Moritake J, Endo K Tamari M, et al. Improved health-related
quality of life in patients treated with topical sirolimus for facial angiofibroma associated with

tuberous sclerosis complex. Orphanet J Rare Dis 2020 Jun 1;15(1):133-020-01417-5.

84 | Pagina



Capitulo Primero

(40) DeKlotz CM, Ogram AE, Singh S, Dronavalli S, MacGregor JL Dramatic improvement of
facial angiofibromas in tuberous sclerosis with topical rapamycin: optimizing a treatment

protocol. Arch Dermatol 2011 Sep;147(9):1116-1117.

(41) Truchuelo T, Diaz-Ley B, Rios L, Alcantara J, Jaen P. Facial angiofibromas treated with
topical rapamycin: an excellent choice with fast response. Dermatol Online J 2012 Jan

15;18(1):15.

(42) Bae-Harboe YS, Geronemus RG. Targeted topical and combination laser surgery for the

treatment of angiofibromas. Lasers Surg Med 2013 Nov;45(9):555-557.

(43) Knopfel N, Martin-Santiago A, Bauza A, Hervas JA. Topical 0.2% rapamycin to treat facial
angiofibromas and hypomelanotic macules in tuberous sclerosis. Actas Dermosifiliogr 2014

Oct;105(8):802-803.

(44) Tiedemann Svendsen M, Bygum A, Hansen LK, Broeshy-Olsen S. Facial angiofibromas
associated to tuberous sclerosis treated with topical sirolimus. Ugeskr Laeger 2013 Oct

21;175(43):2569-2570.

(45) Schwartz RA. Facial angiofibromas of tuberous sclerosis treated with topical sirolimus in
an Indian patient (commentary on article by Resham J. Vasani). Dermatol Ther 2016 Jan-

Feb;29(1):70-71.

(46) Ebrahimi-Fakhari D, Muller CSL, Meyer S, Flotats-Bastardas M, Vogt T, Pfohler C. Topical
Rapamycin for Facial Angiofibromas in a Child with Tuberous Sclerosis Complex (TSC): A Case

Report and Long-Term Follow-up. Dermatol Ther (Heidelb) 2017 Mar;7(1):175-179.
85 | Pagina



Tesis Doctoral | Clara Cortell Fuster

(47) Negosanti F, Tengattini V, Gurioli C, Neri |. Facial angiofibromas treated by rapamycin

0.05% ointment and a combined laser therapy. J Cosmet Dermatol 2018 Oct;17(5):762-765.

(48) Crall C, Valle M, Kapur K, Dies KA, Liang MG, Sahin M, et al. Effect of Angiofibromas on
Quality of Life and Access to Care in Tuberous Sclerosis Patients and Their Caregivers. Pediatr

Dermatol 2016 Sep;33(5):518-525.

(49) Lewis-Jones MS, Finlay AY. The Children's Dermatology Life Quality Index (CDLQI): initial

validation and practical use. Br J Dermatol 1995 Jun;132(6):942-949.

(50) Smidt AC, Lai JS, Cella D, Patel S, Mancini AJ, Chamlin SL. Development and validation of
Skindex-Teen, a quality-of-life instrument for adolescents with skin disease. Arch Dermatol

2010 Aug;146(8):865-869.

(51) Chamlin SL, Lai JS, Cella D, Frieden IJ, Williams ML, Mancini AJ, et al. Childhood Atopic
Dermatitis Impact Scale: reliability, discriminative and concurrent validity, and

responsiveness. Arch Dermatol 2007 Jun;143(6):768-772.

(52) Brown MM, Chamlin SL, Smidt AC. Quality of life in pediatric dermatology. Dermatol Clin

2013 Apr;31(2):211-221.

(53) Ramien ML, Ondrejchak S, Gendron R, Hatami A, McCuaig CC, Powell J, et al. Quality of life
in pediatric patients before and after cosmetic camouflage of visible skin conditions. J Am

Acad Dermatol 2014 Nov:71(5):935-940.

86 | Pagina



Capitulo Primero

(54) Lilly E, Lu PD, Borovicka JH, Victorson D, Kwasny MJ, West DP, et al. Development and
validation of a vitiligo-specific quality-of-life instrument (VitiQoL). J Am Acad Dermatol 2013

Jul;69(1):e11-8.

87 | Pagina



Tesis Doctoral | Clara Cortell Fuster

88 | Pagina



CAPITULO SEGUNDO

89 | Pagina



Tesis Doctoral | Clara Cortell Fuster

90 | Pagina



Capitulo Segundo

CAPITULO SEGUNDO

OPTIMZATION, FORMULATION AND STABILITY OF TOPICAL RAPAMYCIN USED FOR RARE

TUBEROUS SCLEROSIS DISEASE: FROM OINTMENT TO LIPOSOMES

Cortell Fuster, Clara'; Martinez Gomez, Maria Amparo’; Cercos Lleti, Ana Cristina'; Climente

Marti, Monica'
'Servicio de Farmacia, Hospital Universitario Dr. Peset. Valencia. Spain

Journal of Pharmaceutical Innovation

DOI: 10.1007/s12247-023-09792-9

91| Pagina



Tesis Doctoral | Clara Cortell Fuster

topical rapamycin has been established as an effective and safe therapy for
facial angiofibromas in tuberous sclerosis. Different formulations have been tested for this

skin disease, most using an ointment as a vehicle.

to improve the classical formulation of topical rapamycin and to determine the
validity period of the proposed options based on chemical, physical, and microbiological

stability studies.

Four different 0.4% rapamycin formulations were prepared (ointment, emulsion, gel,
and liposomes). The stability studies for each formulation over 56 days were as follows: (1)
chemical: extraction with different solvents and high performance liquid chromatography
assay; (2) physical: pH, uniformity, extensibility, absence of crystals, absence of phase
separation, and only for liposomal formulation, particle size, zeta potential, and encapsulation

efficiency were determined; and (3) microbiological: culture samples in blood-agar media.

Only liposomes were chemically, physically, and microbiologically stable after
8 weeks. Ointment, emulsion, and gel formulations lost their chemical or physical stability

before 56 days.

The authors describe four new formulations to improve the previous treatment
for facial angiofibromas in tuberous sclerosis. The liposome-based formulation was the most

appropriate according to chemical, physical, and microbiological stability studies. However, it
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would be necessary to carry out clinical studies to ensure the effectiveness and safety of this

formulation and also guarantee an improvement in the quality of life of patients.
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INTRODUCTION

Tuberous sclerosis (TS) is an autosomal dominant rare disease, characterized by the
multisystem formation of benign non-invasive tumors, called hamartomas and distributed in
tissues and organs such as: brain, kidneys, lungs, heart, eyes, and skin (1). The most prevalent
skin condition in TS are facial angiofibromas (FA), which occur due to an alteration of the
mTOR (mammalian target of rapamycin) pathway. These facial injuries imply an aesthetic and
psychological problem (2,3) and sometimes, its treatment is not prioritized due to the

existence of more serious complications associated with this rare disease.

Multiple treatments have been established for these patients. Physical treatments like
radiofrequency, electrocoagulation, cryotherapy, dermabrasion, and laser therapy (4) are
invasive and painful, and require anesthesia. The interest of mTOR inhibitors focuses
pharmacological treatment on everolimus and sirolimus, and recent publications place topical

rapamycin (sirolimus) as the most appropriate alternative (5).

We found multiple studies with topical rapamycin in the literature, including four randomized
clinical trials (6-9) and all of them provide favorable data on effectiveness and safety.
However, high variability between studies in terms of concentration, vehicle, posology,
duration of treatment, and effectiveness assessment forces us to study several formulations

to choose the most appropriate.
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Several authors have studied different formulations other than the classic formulation (an
ointment based on petrolatum) with the aim of achieving a better appearance and consistency

of the formulation in order to improve patient compliance with treatment.

Bouguéon et al. (10) studied the physico-chemical stability of a cream formulation with a
commercialized excipient called Excipial Hydrocreme®. Additionally, they used diethylene
glycol monoethyl ether P (Transcutol®) as a vehicle and demonstrated that rapamycin was ten
times more soluble in Transcutol® (fully soluble, 20.2 mg/mL) compared to liquid paraffin (<2
mg/mL). Guyader et al. (1) conducted a physico-chemical and microbiological stability study
on a gel-type formulation. These authors also recommend the use of solubilizing agents such
as transcutol in combination with gel-type formulations, since they have demonstrated
improved permeation, penetration, and release. Ghanbarzadeh et al. formulated rapamycin
integrated into a liposomal solution, explaining the methodology in development of rapamycin
liposomes, and additionally studied their chemical stability using a validated high-

performance liquid chromatography (HPLC) method (12,13).

Among all the concentrations and dosages reported in the literature, 0.4% concentration,
three times per week, is interesting to avoid exposure to the drug every day and thus minimize

possible cutaneous adverse events without compromising effectiveness (14,15).

In addition, the current legal regulations in Spain on magistral formulas establish that the
validity period of non-typified magistral formulas corresponds to the full duration of the

treatment (16). Secondly, the Guide to Good Practice of Preparation of Medications in Hospital

95 | Pagina



Tesis Doctoral | Clara Cortell Fuster

Pharmacy Services in Spain establishes a validity period of 30 days for ointments and creams,

which can be increased if demonstrated with stability studies (17).

The purpose of this study is to improve the classic formulation of topical rapamycin for FA in
TS and determine the validity period of the proposed formulations based on chemical, physical,

and microbiological stability.
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METHODS

Rapamycin powder (an active substance) was provided by Acofarma (Madrid, Spain). The rest
of the excipients used in the preparation of the formulations were supplied by Guinama

(Valencia, Spain). All reagents and solvents were provided by Scharlab (Valencia, Spain).

Galenic optimization of the topical formulation of rapamycin at 0.4% based on its excipients
was performed. The most widely used classical formulation in the literature is petrolatum as

a vehicle. However, other options were formulated based on previous studies.

Four different formulations were developed in the biological safety cabinet, all of them with a
rapamycin concentration of 0.4% and with differences in their excipients. The resulting
formulations were: ointment, emulsion, gel, and liposomes (Table 1). Each formulation was

packaged in a bottle protected from ambient light and stored in a cold room at 5°C+3°C.

An Agilent Technologies 1100 HPLC system (Agilent Technologies Inc., Waldbronn, Karlsruhe,
Germany) with a quaternary pump, micro-vacuum degasser, autosampler, thermostated
column compartment, diode array detector, and Agilent Technologies Chemstation for LC 3D

Software was used for the analysis.
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Table 1. Composition of rapamycin formulations.

Rapamycin 0.4%
Transcutol® 10%
Lanolin 10 %
Sheabutter 20 %
Vitamin E 1%
Petrolatum gs.20g
Rapamycin 0.4 %
Transcutol® 10%
W/0 autoemulsifiable base 20 %
WHI gs.20g
Rapamycin 0.4 %
Transcutol® 10%
Hydroxypropyl methyl cellulose 2%

WHI gs.20g
Rapamycin 0.4 %
Transcutol® 3%
Liposomal solution (Guinoxome®) 25%
Cholesterol 0.1%
Isopropile miristrate 10 %
Propyleneglycol 10%
Carbopol 2%
NaOH 10% gs.pH7.5
WHI gs.20g

Q.s.: a sufficient quantity
WFI: water for injection
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To determine the validity period of each formulation according to its chemical stability, an
HPLC method was developed and validated. A C18 Kromasil column (150 mm x 4.6 mm, 5 um)
was used. The mobile phase consisted of a mixture of acetonitrile and water (75/25 v/v). The
flow rate was 1 mL/min. The sample injection volume was 10 pL and sample temperature was
25°C+3°C. The column temperature was 50°C and the analysis time was 15 min. Rapamycin

detection was processed at 280 nm.

The analytical methods were validated according to ICHQ2R!1 (International Consensus on
Harmonization, 2015) (18). Two calibration curves were developed: one using a mixture of
acetonitrile, hexane, and water for injection (WFI) as a diluent (for the chemical stability of
ointment, emulsion, and gel formulations), and the other using methanol (for the chemical
stability of liposomes). The interday and intraday precision and accuracy of the methods were
established using six concentration levels (0.025, 0.05, 0.075, 0.1, 0.125, and 0.15 mg/mL) in
duplicate on three different days. The least squares method was used to evaluate linearity,

calculating a regression line between concentrations and peak areas of the chromatogram.

For the extraction of rapamycin from ointment, emulsion, and gel formulations, 0.1 g of cream
was introduced in a glass tube with 4 mL of a mixture of acetonitrile, hexane, and WH and

kept in the vortex for 10 seconds. The samples were then centrifuged at 3500 rpm for 10
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minutes. The resulting supernatant was removed, and 1 mL was aliquoted for HPLC analysis.
For the extraction of rapamycin from liposomes, 0.100 g of cream was introduced in a glass
tube with 4 mL of methanol. The samples kept in the vortex for 10 seconds, 50 uL was

aliquoted, and after 1/20 dilution with methanol, they were analyzed with the HPLC method.

Rapamycin quantity per weighed formulation quantity (3, mg/g) and percentage content of
remaining rapamycin (%RC) in each formulation were determined by triplicate at times (t) =0,

2,7,14, 21, 28, 42, and 56 days. Ty was established when %CR was < 90%.

All pertinent procedures to establish the physical stability of the formulations were carried
out following the specifications of National Drug Formulary (19) and the Guide to Good Practice

in the Preparation of Medications in Hospital Pharmacy Services (17).

pH, uniformity, extensibility, absence of crystals, and absence of phase separations were
evaluated on a transparent surface according to 3 levels: level 1, the least favorable, and level

3, the most favorable, for 56 days for each formulation.

Only for liposomes mean particle size, zeta potential, and encapsulation efficiency (EE%) were
determined by triplicate at t=0 days. Mean particle size and zeta potential were determined

using a particle size analyzer that uses the laser diffraction method (Malvern Instruments,
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Worcestershire, UK). The EE% were determined via ultrafiltration, using Amicon® ultra-
centrifugal filters (Merck Millipore, Ireland) with a molecular weight cut off of 10,000 Daltons.
An aliquot of 500 uL of the liposomal formulation was added to the sample reservoir and
centrifuged for 15 min at 14,000 g. Then 50 L was aliquoted in duplicate, and after 1/20 dilution
with methanol, was analyzed with HPLC method to determine the concentration of free drug

in the filtrate. The following equations were used for the calculations (13,20):

Wt

EE% = x100

Where W; and W represent the total amount of the drug and the free amount of the drug,

respectively.

Culture samples in blood-agar media of each formulation were incubated at 37°C in duplicate
at t=28 and 56 days, according to the microbiological control instructions of the National Drug

Formulary.
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RESULTS

The calibration curve for the chemical stability of ointment, emulsion, and gel formulations
demonstrated linearity with a coefficient of determination (r?) of 0.9998. The limits of detection
(LD) and quantification (LQ) were 0.003 and 0.009 mg/mL, respectively. Linearity was also
determined for the chemical stability of the liposomal formulation, with a coefficient of

determination (r?) of 0.9958, LD= 0.011 mg/mL and LQ= 0.038 mg/mL

Table 2 shows the rapamycin quantity per weighed formulation quantity (mg/g) and %RC in
each formulation and standard deviation (SD) at times (t) = 0, 7, 14, 21, 28, 42, and 56 days.

Figure 1 shows ointment, emulsion, gel, and liposomes chromatograms.

Teo was reached during the sampling period for the ointment, emulsion, and gel formulations:

Teo=56, 14, and 21 days, respectively. Only liposomes were stable for 56 days.
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Table 2. Chemical stability results.

Time 0 2 7 14 21 28 42 56
(days)

721086 |7.13 = 122 « 759 = 10.19 = 734093 | 6.64 6.40 =
0.28 0.87 0.44 3.44 0.41 0.16

9.41 = 9.29 = 918 +1.04 |812+0.63 |9.48+ 1110194 |7.59= 1.87 =
0.28 0.40 035 0.77 293

8.40 = 7.86 = 8.09 = 7.80 £ 756019 |7.69+0.42 |77+ 816 =
0.01 0.10 1.85 0.44 0.22 0.23

115011 [117+0.03 |1.27 013 [{1.22+0.09 |1.24+0.03 |1.25+0.07 |1.38= 122 018
014

Time 0 2 7 14 21 28 42 56
(days)

10000+ |99.97 + 10020+ [106.82+ |139.48+ |103.58+ 9347+ |89.45%
0.00 12.81 417 18.48 31.38 2459 16.41 8.67

10000+ |[9889+ |97.70+ 86.52 + 100.80+ |118.48 = 80.68+ |83.85+
0.00 6.38 1217 9.36 3.66 2434 1.42 31.49

10000+ |93.53« 96.33 = 92.82 = 89.96 = 91.55 = 91.79 = 97.14 =
0.00 115 2198 5.25 2.20 5.03 2.60 270

10000+ (10265 |111.29 = 10656+ |108.58+ |110.05 = 121.07+ |107.51+
0.00 9.99 1.43 234 12.29 15.94 11.86 2112

SD: standard deviation
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Table 3 exposes the results of the physical stability parameters for the four formulations. The
ointment formulation obtained a level 1 score in extensibility property due to its high
petrolatum content, similar to the classical formulation. It should be noted that the emulsion
formulation resulted in a pre-separation of phases at 14 days and a definitive breakdown of
the emulsion at 21 days; therefore, it was assigned a level 1 score in the absence of phase
separations property. The score of level 1 in the absence of crystals property for the gel

formulation, was awarded by the presence of white particles.

The mean particle size of prepared liposomes determined a good quality result of the analysis
with a polydispersity index value <0.2, indicating a homogenous dispersion. The EE% turned
out to be very favorable for the liposomal formulation, with a high load of rapamycin per

liposome formed.

Culture samples were negative in blood-agar media for each formulation at t=28 and 56 days

(Table 3).
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Table 3. Physical and microbiological stability results.

pH 7.0 6.0 6.0 15
Uniformity Level2 |Level3 |Level3 |Level3
Extensibility Level 1 Level 2 Level 3 Level 3
Absence of crystals Level 3 Level 3 Level 1 Level 3
Absence of phase separation Level3 |Levell Level3 |Level3
Mean particle size, Pdl NA NA NA 1789 nm,
Pdl 0.093
Zeta potential (mV) = SD NA NA NA -411£13.4
EEY% = SD NA NA NA 89.19+ 4.57
Negatives | Negatives | Negatives | Negatives
NA: not applicable
Pdl: polydispersity index
mV: millivolts

SD: standard deviation
EE: encapsulation efficiency
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DiscussioN

This study concludes that only one of the four proposed formulations, liposomes, maintains
their chemical, physical, and microbiological stability throughout all the sampling time,

awarding them a validity period of 56 days.

For the ointment and gel formulations, the chemical stability was the determining factor for
not reaching the validity period of 56 days, with Ty = 56 and 21 days, respectively. In the case
of the emulsion formulation, the physical stability was very obviously compromised after pre-
separation of phases at 14 days and a definitive breaking up of the emulsion at 21 days. All
formulations were microbiologically stable throughout the sampling period. Considering all
stability studies, the validity period for each formulation was: ointment=42 days, emulsion=7

days, gel=14 days; and liposomes=56 days.

Rapamycin is a highly apolar, active substance. This stability study confirms that rapamycin
is more comfortable among lipophilic excipients, such as petrolatum and liposomes. In
hydrophilic vehicles, it tends to precipitate and lose its physical and chemical stability, as in

the case of emulsion and gel formulations.

Regarding excipients, transcutol allows a greater solubility of rapamycin in the vehicle (10),
thus avoiding possible precipitations of the active principle and constituting a significant

improvement in the formulation.

The liposomal formulation has certain advantages over the ointment formulation: it has a

better appearance, is more comfortable, and better extensibility (Photograph 1). Historically,
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some patients complained that classic ointment was difficult to apply (21) and the enhanced
organoleptic properties of the liposomal formulation would help increase compliance with

treatment and patient satisfaction with topical therapy.

Additionally, liposomes have been studied as carriers of molecules for immunosuppressive
therapies and chemotherapy (22,23). Liposome-encapsulated rapamycin has been shown to
have the ability to reach the drug's site of action more quickly, with antiproliferative properties

on T cells (23,24).

Therefore, liposomes exert their influence on the stratum corneum of the skin, improving the
penetration of the active substance and providing an increased bioavailability of rapamycin.

This property makes liposomes particularly effective for cosmetic and pharmaceutical use.

In these therapies, the role of the hospital pharmacists is key in the preparation of the
formulations, since rapamycin was added to the NIOSH list as a hazardous drug in 2014 (25),
which results in greater control in the development of topical formulations (26). In addition,
pharmaceutical care has special relevance in the processes of dispensing, administration, and

monitoring, promoting the supervision and control of these patients.

After galenic improvement and confirmation of stability in liposomes, more dermokinetic and

clinical studies are needed to ensure effectiveness, safety, and high patient satisfaction.
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Photograph 1. Liposomal formulation.

Limitations

The authors are aware that there is significant variability in chemical stability results for all
formulations. This is due to the fact that during the formulation process, the correct
homogenization of the excipients is very difficult, and the extractability of solvents depends
on the formulation and its excipients. In any case, this article provides new stability data,

allowing support in therapeutic decisions for other authors and clinicians.
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Topical rapamycin is the pharmacological treatment of choice for facial angiofibromas in rare
tuberous sclerosis disease. A new, more advanced, and complex formula was developed in
our pharmacy service: rapamycin 0.4% liposomal formulation, with better organoleptic
characteristics and a more favourable release profile of the active ingredient. The purpose of
this study is to evaluate the effectiveness and safety of liposomal topical rapamycin for the

treatment of facial injuries in this rare disease.

This was an observational, prospective, and multicenter study. Effectiveness was evaluated
mainly through Facial Angiofibromas Severity Index (FASI), Investigator's Global Assessment
(IGA) scores and Dermatology Life Quality Index (DLQI) questionnaire. To assess the safety
profile of rapamycin, adverse reactions were reported, and blood tests and blood rapamycin

levels were performed during treatment.

Eleven patients were included, of which 8/11 (73%) patients obtained successful treatment
according to FASI and IGA scores after 24 weeks of treatment. Statistical analysis
demonstrated a significant improvement (p<.05) in FASI and IGA scores, erythema, and FA size

after treatment with rapamycin liposomal formulation (FASI before treatment, median
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(interquartile range): 6.0 (2.0), FASI after treatment: 3.5 (2.0), p=.0063). Five patients also
improved their quality of life after treatment. Regarding safety profile of rapamycin, the most
common adverse reaction was mild pruritus and two patients reported erythema, who
discontinued treatment prematurely. All haematological tests were normal, and blood

rapamycin levels were undetectable.

After galenic improvements and clinical evaluations, the rapamycin liposomal formulation
proved to be effective and safe for this therapeutic indication. This new formulation was
included as a magistral formula in our hospital pharmacy service, now accessible for
prescribing by Dermatologists. Drug development in hospital pharmacy is often the only
pharmacological alternative available to treat the symptoms of rare diseases, when treatment

options are limited or inadequate.
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INTRODUCTION

Tuberous sclerosis (TS) is a rare autosomal dominant disease with an incidence of 1in 6000
to 1in 10,000 individuals (1) in which a series of mutations occur in tumor suppressor genes
(TSC1 and TSC2). This leads to deregulation of the mTOR pathway and uncontrolled cell
proliferation, resulting in multisystem formation of benign tumors called hamarthromas (2).
These tumors can have different severity and locations, one of the most common being the
kidneys. In addition, they can be affected by slight traumas that can also cause uncontrolled

bleeding (3).

The most common skin manifestation of TS is facial angiofibromas (FA). They constitute a
fundamental diagnostic criterion for the disease since they are present in up to 80% of
patients. FA appear at an early age and tend to stabilize in number and size in adolescence,

which sometimes represents an esthetic and psychological problem for these patients (4) (5).

Multiple treatments have been established for this skin condition. Physical treatments like
radiofrequency, electrocoagulation, cryotherapy, dermabrasion, and laser therapy present
certain problems because are invasive and painful and require anesthesia (6)(7). The interest
of mIOR inhibitors focuses pharmacological treatment on everolimus and sirolimus, and
recent publications place topical rapamycin (sirolimus) as the most appropriate alternative.
This molecule is a powerful mTOR inhibitor with immunosuppressive, antitumor, and

antiangiogenic characteristics (8).
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We found multiple studies in the literature that ensure the effectiveness and safety of this
pharmacological therapy, such as case series and several clinical trials, with a higher
evidence level (9) (10) (11) (12) (13). However, significant variability was evident in the

concentrations, dosages, and formulations tested in the literature.

In our hospital pharmacy service, we decided to optimize the conventional formulation
commonly used by dermatologists in accordance with standard clinical practice: rapamycin
0.4% in vaseline. The result of galenic research and development was a more advanced and
complex formula: a 0.4% liposomal formulation of rapamycin (3) (14) prepared in a biological
safety cabinet. The exact composition of the liposomal formulation was rapamycin 0.4%,
transcutol® 3%, liposomal solution (Guinoxome®) 25%, cholesterol 0.1%, isopropyl myristate
10%, propylene glycol 10%, carbopol 2%, NaOH 10% g.s. pH 7.5 and water for injection g.s. 20 g.
In the cosmetic and pharmaceutical fields, pre-prepared and commercially available lipid
solutions are used, which can form liposomes upon incorporating an aqueous solution.
Specifically, the Guinoxome® liposomal solution allows for easy and high-quality liposome
formation. The remaining components of the formulation serve as humectants and stabilizers,
with special attention given to transcutol. This solvent functions as an excellent absorption
promoter, showing a higher solubility of rapamycin in this vehicle compared to liquid paraffin
(15). The liposomes obtained were lighter, with better extensibility, and because of their
characteristics, they are compatible with all skin types (16). In addition, previous studies have
reported a greater release of the active ingredient in liposomal vesicles than in other

formulations, like gels (17). This new liposomal formulation was validated based on its
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chemical, physical, and microbiological stability, with an encapsulation efficiency of 89% for

rapamycin (18). The validity period was 3 months at 3-8 °C (19).

According to standard clinical practice, topical liposomal rapamycin administration can
improve the appearance of FA, demonstrating the drug's effectiveness and safety following

formulation optimization.

This study aims to evaluate the effectiveness and safety of liposomal topical rapamycin for

the treatment of FA in rare TS disease.
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METHOD

This was an observational, prospective, longitudinal, and multicenter study. The study period
during which patients were recruited was between December 2021 and October 2023. The
participating centers were the Doctor Peset University Hospital and University Clinical
Hospital of Valencia, Spain. The clinical services involved were the pharmacy service of the

Doctor Peset University Hospital and the dermatology service of both hospitals.

This study was divided into three distinct phases: screening, treatment, and follow-up.

Detailed assessments can be found in Annex 1.

The suitability of the participants for inclusion in the study was assessed. Informed consent
was obtained, and patient demographics, medical history, and concomitant medications were

collected.

The treatment phase consisted of a clinical visit at baseline (V) and three subsequent clinical
visits after 2, 12 and 24 weeks of treatment with the rapamycin liposomal formulation (P;, V-
and V). Patients were instructed how to administer the treatment: three times per week in

the afternoon using a nitrile glove. The amount of formulation required to produce a thin
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confluent layer on the skin was 6 mg/cm2 and was based on the size of the affected area. Its
gel texture allows for excellent application and absorption onto skin conditions on the cheeks,
nose, and chin. Patients completely removed the formulation after 2 or 3 hours of exposure
by washing with water and neutral soap. It was recommended to keep the area well hydrated,
avoid sun exposure, and use sunscreen creams with SPF 50. Patients who discontinued
treatment prematurely underwent a visit (Vx) in whom effectiveness and safety (adverse

events) were evaluated.

A follow-up visit (P,) was performed four weeks after the Vs or V; visit.
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Annex 1. Schedule of assessments.

Study phases
. Vo P V, Vs Ps .
IC | Screening Baseline 2 12 24 4 weeks after final
weeks weeks weeks dose
Tolerance -14 days to day 0 NA t5days | *5days | #5days 5 days
Informed consent X
In_clus?ion/exclusion X
criteria
Demographic data X
Medical history X X X
Concomitant medications X X X
Drug administration X
OE! (FASI, 1GA) X X X
SEl (Photographs, SIS) X X X
DLQl X X X
Hema X X X
PK X X
AEs X X

Description of procedures

Vs, V2 and Vs: on-site visits

P1 and P4: phone visits

NA: not applicable

OEI: Objective Evaluation by Investigator

FASI: Facial Angiofibromas Severity Index

IGA: Investigator's Global Assessment

SEl: Subjective Evaluation by Investigator

SIS: Subjective Improvement Score

DLQI: Dermatology Life Quality Index

Hema: Haematology tests. White blood cell, red blood cell, and platelet counts
PK: Pharmacokinetics. Blood rapamycin levels
AEs: Adverse Events
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1. Male and female patients aged = 10 years and < 65 years on the day informed consent was
obtained.

2. Patients diagnosed with TS and presenting visible FA.

3. FASI (Facial Angiofibromas Severity Index) score (20) of at least 3 and no greater than 8
(Annex 2).

4. 1GA (Investigator's Global Assessment) score (13) of at least 2 and no greater than 4 (Annex

2).

1. Patients who have received any mTOR inhibitor in the 3 months prior to selection by any
route of administration.

2. Patients with laser or surgical therapy in the 6 months prior to selection.

3. Patients with serious skin lesions like erosions or ulcers.

4. Patients with known hypersensitivity to any component of the study product.

5. Patients with immune dysfunction or receiving any form of immunosuppression.

6. Pregnant or lactating females.
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Skin color =0 | Light red =1 Red =2 gark red/purple =
Small (<5 mm) =1 I2_a rge (-5mm) = | ¢ fluent = 3

<50% cheek surface =2

>50% cheek surface =3

Grade

Short Description

Detailed Description

Clear
Almost Clear
Mild
Moderate

Severe

No signs of facial angiofibroma

Small lesions (<2 mm), normal to pink coloration
Predominantly small lesions (2-4 mm), pink to light red
coloration

Predominantly large lesions (4-6 mm), dull to bright red
coloration

Large (>*6 mm) or confluent lesions of dark red/purple

coloration

FASI: Facial Angiofibromas Severity Index
IGA: Investigator's Global Assessment
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The following medications are prohibited during the study to avoid potential interference with

the assessment of effectiveness and safety:

i.  Laser and surgical treatment in the targeted treatment area.
ii.  Application of steroids or other immunosuppressive agents to the designated area.
ii.  Administration of mTOR inhibitors (rapamycin, everolimus, temsirolimus, etc.) by
any route of administration.
iv.  Potent inhibitors of CYP3A4 and/or P-gp (such as ketoconazole, voriconazole,
itraconazole, erythromycin, telithromycin, or clarithromycin) or strong inducers of

CYP3A4 and/or P-gp (such as rifampicin) by any route of administration.

Il Primary endpoints

— Percentage of patients with successful treatment according to a decrease of two or
more points on FASI score after treatment.
— Percentage of patients with successful treatment according to a decrease of one or

more points on IGA score after treatment.
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— Median values of FASI score and the subcategories: erythema, size, and extension
before and after treatment.

— Median values of IGA score before and after treatment.
1.2, Secondary endpoints

— Percentage of patients with successful treatment according to a decrease of two or
more points on FASI score after 12 weeks of treatment.

— Percentage of patients with successful treatment according to a decrease of one or
more points on IGA score after 12 weeks of treatment.

— Time to treatment success (weeks of treatment) according to FASI and IGA scores.

1.l Primary endpoints

— Subjective improvement score: SIS (minimal, moderate, good, or excellent) in

photographs of FA after treatment.
1.2, Secondary endpoints

— SIS (minimal, moderate, good, or excellent) in photographs of FA after 12 weeks of

treatment.

21 Primary endpoints
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— Percentage of patients with an improvement in quality of life according to a decrease
in score on the Dermatology Life Quality Index (DLQI) questionnaire after treatment
(Annex 3).

— Median values of DLQI questionnaire before and after treatment.

22 Secondary endpoints

— Percentage of patients with an improvement in quality of life according to a decrease

in score on the DLQAI questionnaire after 12 weeks of treatment.

— Notification of adverse reactions during P;, V,, Vzand P, visits.

— Blood tests with complete blood count using flow cytometry (white blood cell, red
blood cell, and platelet counts) during Vo, V> and V; visits. (Abbott Architect®, Abbott

Park, IL, USA).

— Blood rapamycin levels at V2 and V3 visits. A chemiluminescent microparticle

immunoassay (CMIA) was utilized for the quantitative determination of rapamycin in
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human whole blood (Abbott Architect®, Abbott Park, IL, USA). Prior to initiating the
automated Architect sequence, a manual pretreatment step was undertaken. This
involved extracting the whole blood sample (150 L) with a precipitation reagent (300
uL), followed by heating (10 minutes at 42°C) and centrifugation (5 minutes at 10,900
rpm). Subsequently, the supernatant was decanted into a Transplant Pretreatment
Tube, which was then placed onto the Architect i System for further processing. The

limit of detection of the Architect Rapamycin assay was 0.3 ng/mL

A standard descriptive analysis was performed on all variables at baseline, continuous
variables will be expressed as mean and standard deviation, and qualitative variables will be
expressed as absolute frequencies, percentages, and proportions. The statistical analysis was
conducted using the Intention-to-Treat (ITT) approach. All study participants were included in
the analysis, regardless of their compliance with the treatment or any protocol deviations. To
evaluate the normality of the data, the Shapiro-Wilk test was employed, which is suitable for
small samples (n < 30). The logarithmic transformation was applied due to the non-normal
distribution but was not entirely effective in normalizing the data. Non-parametric tests were
subsequently conducted, specifically the Wilcoxon signed-rank test for paired samples, with
variables expressed as median values and interquartile ranges (IQR). Deviations were
considered statistically significant when p < .05. Stata® 13.1 was used for the processing of

statistical information.
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Annex 3. DLQI questionnaire.

Dermatology Life Quality Index (DLQJ)

1. During the last month, have you experienced itching, inflammation, pain or stinging on your skin?

a. Verymuch
b. Alot

c. Alittle

d. Notat all

2. During the last month, have you felt uncomfortable or self-conscious because of your skin problems?

a. Verymuch
b. Alot

c. Alittle

d. Not at all

3. During the last month, have your skin problems interfered with your shopping or household activities?

a. Verymuch
b. Alot

c. Alittle

d. Not at all

4. Over the past month, have your skin problems influenced the clothes/makeup/hair style you wore?

a. Verymuch
b. Alot
c. Alittle
d.  Not at all
5. During the last month, have your skin problems affected any social or leisure activities?
a. Verymuch
b. Alot
c. Alittle
d.  Not at all
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During the last month, has it been difficult for you to play a sport because of your skin problems?

a. Very much
b. Alot

c. Alittle

d. Not at all

During the last month, have your skin problems prevented you from working or studying?

a. Very much
b. Alot

c. Alittle

d. Not at all

During the last month, has your skin caused you problems with your partner or a close friend or
relative?

a. Verymuch

b. Alot
c. Alittle
d. Not at all

During the last month, have your skin problems made your sex life difficult?

a. Verymuch

b. Alot
c. Alittle
d. Not at all

During the last month, has treating your skin been a problem for you, for example because it has

made the house dirty or taken up your time?

a. Verymuch
b. Alot
c. Alittle DLQI score
d. Not at all
a. 3points
b. 2 points
c. 1point
d. 0 points
Maximum score = 30 points
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RESULTS

Eleven patients were screened. After exclusion of eight ineligible patients, 11 patients were
included (Figure 1), of which 8 were women. The median age was 36 (11-64) years at screening.
Most of the patients were of Caucasian ethnicity, which is predominant in Spain. Five patients
additionally had hamarthromas in different locations, such as the kidneys or lungs. Three
patients had prior treatment with topical rapamycin, while four underwent laser or surgical
pre-treatment. However, these patients always met the inclusion/exclusion criteria. Two
patients also presented atopic-prone skin as a dermatological condition. (Table 1). Baseline

FASI and IGA scores can be seen in Table 2.

Eight patients completed 24 weeks of treatment, and three did not. Two due to drug-related
AEs (patient 01 and patient 07) and one due to patient’s refusal to treatment continuation
(patient 08). Consequently, effectiveness and safety were evaluated in all patients except

patient 08.
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Figure 1. Patient disposition.

Screened, n=19

Inclusion and exclusion

criteria Ineligible, n=8

A J

;

Included, n=11

Discontinued due to drug-related AEs, n=2

Discontinued due to patient’s refusal to
treatment continuation, n=1

:

Completed 24 weeks of
treatment, n=8

AEs: Adverse Events

Table 1. Patient characteristics at baseline (n=11).

Gender (female) 8 (73)
Age (years) 36.5(18.6)
Ethnicity

Caucasian 8 (73)
Hispanic or latino 2(18)
Not hispanic or latino 1(9)
Unknown or not reported 0(0)
Hamarthromas in different locations 5 (45)
Pre-treated with topical rapamycin 3(27)
Pre-treated with laser or surgery 4 (36)
Other dermatological conditions 2 (18)
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Eight of eleven (73%) patients obtained successful treatment according to FASI and IGA scores
after 24 weeks of treatment (Table 2). All patients decreased or maintained their FASI and IGA
scores after treatment. The final evaluation of effectiveness for patients 01 and 07 occurred
at Vx (prior to week 24 of treatment). Table 2 displays the median values and IGR for the FASI
score, including its subcategories (erythema, size, and extension), as well as the IGA score
before and after treatment. The figure 2 corresponds to the box plots showing the distribution
of FASI and IGA scores before and after treatment. The central line represents the median, the

box spans the IQR, and outliers are depicted as individual data points.

After 12 weeks of treatment, 6/11 patients (55%) achieved successful treatment according to
the FASI score. In contrast, based on the IGA score, successful treatment was observed in 7

patients (64%) (Table 2).

The time to treatment success, measured in weeks of treatment according to the FASI score,
was 12 weeks for six patients and 24 weeks for two patients. Likewise, according to the IGA
score, treatment success occurred at 12 weeks for seven patients and at 24 weeks for one

patient (Table 2).
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Table 2. Evaluation of effectiveness.

Patient FASI | FASI FASI IGA |[IGA |IGA | SIS SISV DLQl DLQl DLQl
Vo V, Vs Vo Vs, V3 V, Vo V2 Vs
7 - 7* 4 - 4* - Minimal* | 4 - 9*
5 3 3 2 1 1 Good | Good 2 1 1
7 5 4 3 2 1 Good | Excellent | 1 1 5
5 4 3 2 2 1 Good | Good 0 3 2
8 6 5 4 3 2 Good | Excellent | 5 2 0
7 6 4 4 3 1 Good | Excellent | 3 4 1
5 - 5* 3 - 3* - Minimal* | O - 2*
6 - - 3 - - - - 1 - -
6 4 3 3 2 1 Good | Excellent | 12 1 1
6 4 3 3 2 1 Good | Excellent | 0 0 0
6 4 3 3 2 1 Good | Excellent | 7 1 0

Vo Vs P value
6.0 (2.0 35(20) .0063 **
2.0(0.0) 1.0 (1.0) .0069 **
2.0(0.0) 1.0 (1.0) .0253 **
2.0(1.0) 2.0(0.0) 1573

3.0(1.0) 1.0 (1.0) .0068 **
2.0 (5.0 1.0 (2.0) .5733

OEI: Objective evaluation by investigator
FASI: Facial Angiofibromas Severity Index
IGA: Investigator's Global Assessment
SEl: Subjective evaluation by investigator
SIS: Subjective improvement score

DLQI: Dermatology Life Quality Index
*Assessments in Vx

** Statistically significance
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SIS of FA after treatment was minimal for 2/11 (18%) patients, good for another two patients

and excellent for 6/11 (55%) patients (Table 2).

SIS of FA after 12 weeks of treatment was good for 8/11 (73%) patients (Table 2). Representative

photographs of two patients are presented in Annex 4, with an excellent SIS after treatment.

Five of eleven (45%) patients improve their quality of life according to a decrease in score on

DLQI questionnaire after treatment.

Median values and IQR for the DLQI questionnaire before and after treatment are shown in
Table 2. The figure 2 corresponds to the box plot showing the distribution of DLQI scores before

and after treatment.

Four of eleven (36%) patients improve their quality of life according to a decrease in score on

DLQI questionnaire after 12 weeks of treatment.
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Figure 2. Box Plots of FASI, IGA, and DLQI scores before and after treatment, n=11.

[ Fasivo FASIV3 | [P cavo T GAvs [ oLaivo oLaI V3

FASI: Facial Angiofibromas Severity Index
IGA: Investigator's Global Assessment
DLQI: Dermatology Life Quality Index

Annex 4. Subjective evaluation by investigator (SEI) before (1, 3) and after treatment (2, 4).
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No serious adverse events were reported during the treatment or follow-up period. Five of
eleven (45%) patients reported an adverse event during the treatment phase. The most
common adverse reaction was mild pruritus (5/11, 45%) in the administration area that stopped
in all cases after 5-10 minutes of exposure to the formulation. Two of eleven (18%) patients
communicated dry skin and two other patients reported a feeling of tightness. Of note, two
patients informed of erythema, leading to premature discontinuation of treatment before V..
All adverse reactions disappeared when treatment was stopped, as this was confirmed during

the P, visit.

All haematological tests were normal for all patients. There were no significant changes in
white blood cell, red blood cell, or platelet counts. All analytical values fell within the normal

range.

All blood rapamycin levels were undetectable for all patients, being below the detection limit

of the technique (< 0.3 ng/mL).
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DiscussioN

All patients who completed 24 weeks of treatment obtained successful treatment, according
to FASI and IGA scores (8/11, 73%). Specifically, FASI score to measure effectiveness is a simple,
reproducible, and validated tool for assessing the severity of FA and subsequent response to
rapamycin treatment. As demonstrated, this scale provides a more objective assessment,
evaluating erythema, size, and extension of FA (20). Statistical analysis demonstrated a
significant difference (p < 0.05) between FASI score, erythema, FA size and IGA score before
and after treatment with rapamycin liposomal formulation. The non-parametric tests did not

show significant differences regarding the extension of FA (Table 2).

Patients who completed 24 weeks of treatment considerably improved the appearance of their
FA in subjective evaluation. Particularly, 6/11 (55%) patients obtained excellent improvement
of their injuries. Regarding Annex 4, FA in both patients decreased in erythema, size, and

extension, achieving considerable flattening of the lesions.

Patient satisfaction also represent a relevant aspect in our study, with an improvement in
quality of life in 5/11 (45%) patients after treatment. Nevertheless, significant differences
regarding the DLQl scores were not observed in the non-parametric tests (Table 2). FA
appeared between 2 and 5 years of age and grow in number and size, stabilizing in
adolescence (21). The visual impact of facial injuries implies a self-image issue (4) (5)
especially in young patients, and sometimes dermatological treatment is not prioritized
because there are other more serious complications associated with this rare disease. It has

been observed that there is a greater angiogenic component at very early ages, while in
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elderly patients, fibromatous lesions tend to predominate. The exclusion criteria related to
age are based on these observations and align with the criteria established by other similar

clinical studies, including randomized clinical trials.

Overall, the new formulation was well tolerated, with mild adverse events reported that
resolved upon completion of treatment. Two patients experienced moderate erythema,
prompting early treatment discontinuation. Notably, both patients had a history of atopic-
prone skin. Hematological and pharmacokinetic tests confirmed the lack of systemic
absorption of rapamycin after topical administration, further enhancing the drug's safety

profile.

Comparing our findings with existing studies proves difficult due to substantial variability in
assessing effectiveness. Evaluation methods range from validated scales to subjective
researcher opinions. Of the five randomized clinical trials found in the literature, only two
studies evaluate effectiveness according to standardized objective scales (12) (13). All patients
treated with rapamycin showed statistically significant improvement according to FASI and
IGA scores compared to placebo. In our study, all patients who completed the 24-week
treatment period achieved favorable effectiveness outcomes and the results align with
previously published studies. Adverse reactions were consistent with literature and prior

experiences, with no reported serious adverse events.

Greater long-term follow-up of liposomal rapamycin treatment would be appropriate to

ensure effectiveness and safety. However, it should be noted that patients are not treated
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continuously, but rest during the summer months, to minimize or prevent the adverse events

derived from rapamycin phototoxicity.

In any case, liposomes provide several advantages that allow a substantial improvement in
the treatment of FA This innovative formula exhibits superior organoleptic characteristics,
appearance, and extensibility. Moreover, the sensation after application is more comfortable
compared to vaseline (16) (18). Additionally, it can be more easily removed with water and
neutral soap than other formulations due to its lightweight nature, thus preventing the patient
from irritating the facial skin during the washing process. All these benefits contribute to

enhancing treatment compliance and patient satisfaction with topical therapy.

On the other hand, liposomes have been demonstrated to serve as carriers for molecules in
chemotherapy and immunosuppressive treatments (22) (23). Specifically, liposome-
encapsulated rapamycin can reach the drug’s site of action more quickly with a better release
profile, providing an increased bioavailability of rapamycin and improving the penetration of
the active substance (17). These results underscore the importance of focusing on the
optimization of formulations and the incorporation of new drug delivery systems in magistral
formulation within hospital pharmacy services. Our work is an example of this approach. Drug
development in hospital pharmacy services is often the only pharmacological alternative
available to treat the symptoms of rare diseases, when treatment options are limited or

inadequate.

In these rare diseases, pharmacy services are key elements in the pharmacotherapeutic

process. In collaboration with dermatologists, hospital pharmacists can conduct a clinical
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follow-up of patients, contributing to improve effectiveness and minimize adverse reactions
(3). Pharmaceutical care demonstrates special relevance in the processes of formulation,
dispensing, administration, and follow-up, promoting the correct supervision of these patients

and greater integration of hospital pharmacists into the multidisciplinary team.

After galenic improvements and clinical evaluations, the rapamycin liposomal formulation
proved to be effective and safe for the treatment of FA in rare TS disease. This innovative
formulation was included as a magistral formula in the pharmacy service of the Doctor Peset

University Hospital, now accessible for prescribing by Dermatologists.

The limited number of participants in this observational study could impact the reliability and
applicability of the study’s results. The initial sample size was not calculated due to it being a
rare disease, and patient recruitment proceeded through casual or incidental sampling, as
cases occurred and were referred by dermatologists. The methodology used and the statistical
tests applied have taken into consideration the sample size (n<30). However, it should be noted
that TS is a rare disease that affects a minority of the population (fewer than 1in 2,000 people)

and therefore recruiting patients is a more arduous and difficult task.
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This observational study proves the effectiveness and safety of a new rapamycin liposomal
formulation for the treatment of facial angiofibromas in rare tuberous sclerosis disease.
This innovative formula allows a substantial benefit for patients. Its organoleptic
characteristics contribute to improve treatment compliance and patient satisfaction with
topical rapamycin.

Liposome-encapsulated rapamycin can reach the drug's site of action more quickly with
a better release profile, improving the penetration of the active substance.

This research provides new clinical data allowing support in therapeutic decisions for

other authors, pharmacists, and dermatologists.

This study was evaluated and approved by the Clinical Research Ethics Committee of Doctor

Peset University Hospital (Registration number: 16.102 on 6 May 2021, in Valencia, Spain).

All tests and procedures of the study were performed in accordance with the Declaration of
Helsinki for medical research involving human subjects, including research on identifiable

human material and data (Helsinki, 1964).
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This study was possible thanks to the collaboration and involvement of the following clinical

services in Valencia, Spain:

Pharmacy Service of the Doctor Peset University Hospital.
Dermatology Service of the Doctor Peset University Hospital.

Dermatology Service of the University Clinical Hospital.

The authors would also like to express their special gratitude to all the patients who

participated in the study.
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DISCUSION
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DISCUSION

La busqueda bibliografica de inhibidores de mTOR para el tratamiento de los AF posiciond al
sirolimus como el tratamiento farmacoldgico de eleccion, confirmando su eficacia y seguridad
en los estudios identificados en la revision sistematica de la literatura. Incluso se demostro
que el sirdlimus tdpico fue mas adecuado que otro inhibidor de mTOR, el tacrodlimus,

confirmando su elegibilidad para esta enfermedad rara (54).

Sin embargo, los hallazgos de la revision sistematica fueron limitados: se incluyeron 30
articulos que evaluaron la terapia topica con sirolimus para esta indicacion, de los cuales solo
cuatro correspondieron a ensayos clinicos aleatorizados y el resto fueron series de casos o
casos aislados. Este punto limita la validez cientifica de los estudios analizados en su conjunto,
ya que la mayoria de ellos se clasificaron en el nivel 4 de evidencia (recomendacion C:
recomendacion favorable pero no concluyente) seguin la escala CEBM. Unicamente los cuatro
ensayos clinicos aleatorizados quedaron clasificados en el nivel 1la de evidencia
(recomendacion A extremadamente recomendable). La opcion terapéutica mas
frecuentemente encontrada en la literatura fue la pomada de sirdlimus, elaborada con una
concentracion del 0% con una posologia de dos veces al dia, lo que representd

aproximadamente la mitad de los estudios clinicos identificados.
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La mayoria de las investigaciones clinicas evaluaron la efectividad de manera subjetiva,
segun la opinion del investigador. Solo un 30% de los estudios utilizaron escalas objetivas
validadas adjudicando puntuaciones basadas en la gravedad de los AF. Por otra parte, casi la
mitad de los estudios, un 44,5%, utilizaron cuestionarios de calidad de vida para evaluar la

satisfaccion de los pacientes con la terapia farmacoldgica.

En concreto, la escala objetiva FAS| y el cuestionario DLQlI demostraron ser herramientas
validadas, simples y reproducibles para medir la efectividad y la calidad de vida,
respectivamente. Ademas, la escala FASI fue la alternativa mas completa pues considerd tres
subcategorias en la evaluacion de la severidad: el eritema, el tamafio y la extension de los

angiofibromas.

El sirdlimus tuvo un perfil de seguridad favorable, como se demostrd en la mayoria de las
investigaciones. La incidencia de eventos adversos cutaneos fue la esperada segun el nimero
total de pacientes considerados y generalmente desaparecieron tras finalizar el tratamiento.
Varios estudios realizaron recuentos de células sanguineas y niveles sanguineos de sirélimus
debido a la capacidad inmunosupresora de esta molécula. Todos los test hematoldgicos fueron
normales y la mayoria de las determinaciones sanguineas del farmaco fueron indetectables.
En tres casos aislados, los niveles de sirolimus fueron detectables (0,5-0,8 mcg/l), muy por

debajo de los 2,6 mcg/l necesarios para conseguir un efecto inmunosupresor (52).

La alta variabilidad en la literatura en cuanto a concentracion, vehiculo, posologia, duracion

del tratamiento y evaluacion de la efectividad dificulto enormemente la seleccion de una
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formulacion especifica para abordar esta afeccion cutanea, segln lo observado en la revision

sistematica realizada.

No obstante, para llevar a cabo los ensayos restantes de este proyecto, se opto por utilizar
una concentracion de sirélimus del 0,4% y una frecuencia de administracion de tres veces por
semana (55). Esta concentracion es ampliamente empleada por los Servicios de Farmacia a
nivel nacional, segun datos recopilados de la base de datos de formulaciones magistrales
para EERR del grupo de Farmacotecnia de la SEFH. Ademds, un estudio especifico demostro
resultados muy favorables en términos de eficacia y seguridad al administrar esta

concentracion del farmaco tres veces por semana (56).

Paralelamente, se precisan estudios adicionales en los ambitos de la formulacion galénica, la
estabilidad de farmacos y la investigacion clinica para identificar la formulacion mas idonea

en cuanto a efectividad, seguridad y satisfaccion del paciente.

La busqueda de un vehiculo de aplicacion mas idoneo que la vaselina, que no comprometiera
la liberacion del farmaco y mejorara las caracteristicas organolépticas de la formulacion

final, motivo el desarrollo del segundo capitulo de la Tesis Doctoral.
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Considerando la optimizacion del principio activo, el empleo de sirdlimus como materia prima
en lugar de los comprimidos recubiertos de Rapamune® mejord las caracteristicas

organolépticas de la formulacion final y redujo considerablemente el coste del tratamiento.

Respecto a los excipientes, el Transcutol® P contribuyo a una mayor solubilidad del sirdlimus
en el vehiculo principal actuando, ademas, como un excelente promotor de la absorcion. De
este modo, la incorporacion del Transcutol®P como disolvente posibilitd una distribucion mas
homogénea del principio activo en el vehiculo y una mayor biodisponibilidad del farmaco a
través del estrato corneo, gracias a la elevada solubilidad del sirdlimus en el Transcutol®P

en contraste con la parafina liquida.

La optimizacion galénica dio como resultado la propuesta y formulacion de cuatro posibles
formas farmacéuticas topicas de sirolimus al 0,4%: pomada, emulsion, gel y liposomas. Los
estudios de estabilidad demostraron que uUnicamente una de las cuatro opciones, la
formulacion liposomal, mantuvo su estabilidad quimica, fisica y microbioldgica a lo largo de
todo el tiempo de muestreo. De este modo, se le otorgd un periodo de validez inicial de 56 dias
(57), el cual se extendié a 84 dias entre 2-8 °C protegida de la luz, tras la ampliacion del

estudio de estabilidad en los liposomas (58).
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Para las formulaciones tipo pomada y gel, la estabilidad quimica fue un factor condicionante
para no alcanzar el periodo de validez de 56 dias, con un Ty de 56 y 21 dias, respectivamente.
En el caso de la formulacion tipo emulsion, la estabilidad fisica estuvo muy comprometida
después de observar una pre-separacion de fases a los 14 dias y una rotura definitiva de la
emulsion a los 21 dias de su formulacion. Todas las formulaciones mantuvieron su estabilidad
microbioldgica durante todo el periodo de muestreo. Considerando todos los estudios de
estabilidad, el periodo de validez para cada formulacion se establecio en 42 dias para la

pomada, 7 dias para la emulsion, 14 dias para el gel y 84 dias para la formulacion liposomal.

Otros autores demostraron la estabilidad quimica del sirélimus en formulaciones topicas tipo
gel (34) y emulsion (33), sin embargo, en nuestro estudio estas formas farmacéuticas no
fueron estables a lo largo de todo el periodo de muestreo. El sirdlimus, al ser un principio
activo altamente hidrofobico, muestra mayor estabilidad en vehiculos lipofilicos como la
vaselina o la solucion liposomal, segln lo confirmado por estas investigaciones. Sin embargo,
en vehiculos hidrofilicos, como en las formulaciones tipo emulsion y gel, el sirdlimus tiende a

perder tanto su estabilidad fisica como quimica (57).

En cuanto a la caracterizacion de los liposomas obtenidos, el tamafio medio de particula de
178,9 nm confirma que se obtuvieron sistemas nanométricos de tipo unilamelar. Se considero
la formulacion como monodispersa, con una distribucion de tamafios homogénea por
presentar un indice de polidispersion menor a 0,2 (Pdl = 0,093). El elevado valor del potencial

Z (-41,1 mV) fue indicativo de que las fuerzas de repulsion entre particulas superaron a las
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fuerzas de atraccion, contribuyendo asi a un sistema mas estable. Los liposomas elaborados

fueron capaces de incorporar el sirélimus en un alto porcentaje con una EE% del 89,19%.

En el ambito de la formulacion tdpica y la busqueda de nuevos sistemas de liberacion de
farmacos los liposomas se han convertido en transportadores de notable potencial. Existen
experiencias previas centradas en la formulacion liposomal de inhibidores de mTOR, como el
tacrolimus (59). En el caso concreto del sirdlimus, encontramos en la literatura otros trabajos
de formulacion y caracterizacion de liposomas que incorporan esta molécula, obteniéndose
sistemas similares a los de nuestro estudio, en términos de carga eléctrica (potencial 2) y
tamario medio de particula (60) (61). No obstante, con relacion a la EE% nuestros liposomas
fueron capaces de incorporar el sirdlimus en mayor medida en comparacion con otras
investigaciones (89% versus 73% o 77%) (48) (61). Asimismo, el perfil de liberacion del
sirolimus una vez incorporado a los liposomas también fue estudiado por otros autores en
sistemas obtenidos con métodos similares, confirmandose una liberacion hasta diez veces

mas rapida en comparacion con formulaciones no liposomales (49).

Tras la confirmacion de la idoneidad de los liposomas, la necesidad de probar la efectividad y
seguridad de la formulacion optimizada condujo al desarrollo del tercer capitulo de la

presente Tesis Doctoral.
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De los 11 pacientes incluidos en la evaluacion clinica, 8 completaron las 24 semanas de
tratamiento y 3 no lo hicieron. Dos interrumpieron prematuramente por reacciones adversas
y uno abandono el tratamiento por pérdida de seguimiento. Todos los pacientes que
completaron el tratamiento de 24 semanas con la formulacion liposomal de sirdlimus topico
lograron una respuesta clinica, segun las escalas objetivas FASI e IGA (8 de 11, 73%). Las
pruebas no paramétricas (test de Wilcoxon para muestras relacionadas) demostraron
diferencias estadisticamente significativas entre las puntuaciones FASI, IGA, y las
subcategorias de eritema y tamafio de los angiofibromas antes y después del tratamiento con

el sirdlimus topico liposomal.

Los participantes que completaron las 24 semanas de tratamiento experimentaron una franca
mejoria en la apariencia de sus angiofibromas segin las evaluaciones subjetivas.
Concretamente, 6 de los 11 pacientes (55%) mostraron una mejora excelente. El anexo Gilustra
ejemplos de la apariencia de las afecciones antes y después del tratamiento. En todos los
casos expuestos, se observo una reduccion en el eritema, el tamafio y la extension, logrando

un aplanamiento considerable de las lesiones faciales.

La satisfaccion del paciente también fue un aspecto relevante en nuestra investigacion, con
una mejora en la calidad de vida segln el cuestionario DLQI en 5 de los 11 pacientes (45%).
Las pruebas no paramétricas no mostraron significacion estadistica entre las puntuaciones
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de calidad de vida antes y después del tratamiento. No obstante, la puntuacion DLQI cobra
especial importancia en la evaluacion clinica de los tratamientos en una gran variedad de
enfermedades dermatoldgicas. Segun la literatura, un cambio entre 3 y 4 puntos en la
puntuacion DLQI es considerado clinicamente relevante en la practica clinica (62) (63). En
nuestro estudio, 3 pacientes mejoraron su DLQI en mas de 4 puntos al finalizar el tratamiento

con una media de mejora de 7,6 + 3,1 puntos.

Los PROMs (Patient-Reported Outcome Measures) y PREMs (Patient-Reported Experience
Measures) son herramientas fundamentales en el ambito de la atencion médica y
farmacéutica, incluida la dermatologia (64). En concreto, el cuestionario DLQI como PROM
evalUa el impacto psicoldgico de las manifestaciones cutaneas de la esclerosis tuberosa, asi
como el picor, el dolor, la incomodidad y la limitacion de las actividades diarias (51). La
incorporacion de PROMs en la practica dermatoldgica y la atencion farmacéutica permite una
mejor comprension de la efectividad del tratamiento y la calidad de la atencion sanitaria
recibida. Estos resultados también pueden ayudar a identificar posibles areas de mejora en el
proceso farmacoterapéutico y asi satisfacer mejor las necesidades individuales de cada

paciente.

En términos generales, la nueva formulacion fue bien tolerada, con efectos adversos leves
que desaparecieron al finalizar el tratamiento. En dos casos, el eritema fue categorizado como
un efecto adverso moderado que llevo a la interrupcion prematura del tratamiento. Ambos
pacientes tenian antecedentes de piel con tendencia atdpica. Los resultados de las pruebas

hematoldgicas y farmacocinéticas confirmaron la ausencia de absorcion sistémica del
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sirolimus después de su administracion tdpica, lo que contribuyo a una mayor seguridad del

tratamiento.

Comparar nuestros hallazgos con los estudios existentes resulta dificil debido a la
considerable variabilidad en la evaluacion de la efectividad. Los métodos de evaluacion
abarcan desde escalas validadas hasta opiniones subjetivas de los investigadores. De los
cinco ensayos clinicos aleatorizados encontrados hasta la fecha en la literatura, solo dos
estudios evaluaron la efectividad segun escalas objetivas estandarizadas (24) (25), mostrando
todos los pacientes tratados con sirdlimus una mejora estadisticamente significativa segin
las puntaciones FASI e IGA en comparacion con placebo. En nuestro estudio, todos los
pacientes que completaron el periodo de tratamiento de 24 semanas lograron una mejora
estadisticamente significativa segun las escalas objetivas y estas experiencias concuerdan
con otros estudios publicados previamente. Asimismo, es importante destacar que, hasta la
fecha de deposito de esta Tesis Doctoral, no se ha realizado ningin estudio de intervencion
que evalle el uso de formulaciones liposomales de sirlimus tdpico para tratar los AF en

pacientes con ET.

El sirdlimus es un farmaco peligroso y fototoxico, por lo que resulta esencial educar al
paciente para garantizar una manipulacion segura durante el tratamiento. Las condiciones
idoneas de utilizacion del sirolimus topico liposomal al 0,4% administrado tres veces por
semana fueron las siguientes: aplicacion con guante de nitrilo de una pelicula ligera hasta la
completa desaparicion de la formulacion en la piel preferiblemente por la tarde o la noche.

Tras una exposicion de entre dos y tres horas, lavar con agua y jabon neutro para eliminar

157 | Pagina



Tesis Doctoral | Clara Cortell Fuster

cualquier residuo de formulacion y secar. Hidratar bien la zona y utilizar fotoproteccion total

durante todo el afo. Evitar el tratamiento durante el periodo estival.

En experiencias previas, muchos pacientes expresaron dificultades al aplicarse
formulaciones tipo pomada (65). La formulacion liposomal ofrecié mejoras en cuanto a
caracteristicas organolépticas, apariencia y sensacion después de la aplicacion, en
comparacion con la vaselina (Figura J). Ademas, se elimind mas facilmente con agua y jabon
que otras formulaciones por ser mas liviana y ligera, lo que previno la irritacion de la zona
facial durante el proceso de limpieza. Todos estos beneficios pueden contribuir a aumentar la

adherencia al tratamiento y mejorar la satisfaccion del paciente con la terapia topica.

Asimismo, los liposomas han sido estudiados como vehiculos de moléculas para terapias
inmunosupresoras y tratamientos de quimioterapia (66) (60). Se ha demostrado que el
sirélimus vehiculizado en liposomas tiene la capacidad de llegar mas rapidamente al lugar de
accion del farmaco con un perfil de liberacion mejorado. En formulaciones de administracion
topica, los liposomas son capaces de proporcionar una mayor biodisponibilidad y penetracion
de la sustancia activa a través del estrato corneo, permitiendo una liberacion hasta diez veces
mas rapida que formulaciones mas basicas (49) (61). Esta propiedad los convierte en sistemas

especialmente idoneos para aplicaciones farmacéuticas y cosméticas.

Tras la revision sistematica, la optimizacion galénica y la evaluacion clinica, la formulacion
liposomal de sirdlimus al 0,4% se incluyd como formula magistral en la cartera de productos
de la Unidad de Farmacotecnia del Servicio de Farmacia del Hospital Universitario Doctor

Peset de Valencia.
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Esta investigacion pone de manifiesto la oportunidad que supone la participacion de los
Servicios de Farmacia Hospitalaria en el tratamiento de las EERR en términos de optimizacion
del proceso farmacoterapéutico. Su labor tiene especial relevancia en los procesos de
evaluacion, seleccion y adquisicion de medicamentos, asi como en la elaboracion, formulacion
y dispensacion, contribuyendo finalmente a un mayor seguimiento y control de estos

pacientes.

En muchas ocasiones, la elaboracion de medicamentos en la Unidad de Farmacotecnia es la
Unica alternativa farmacoldgica posible para tratar los sintomas de las EERR y obtener
mejores resultados en salud. El desarrollo galénico y la innovacion terapéutica contribuyen a
no dejar olvidados a pacientes vulnerables que padecen patologias poco prevalentes,
especialmente cuando las opciones de tratamiento son limitadas o inadecuadas. La
optimizacion galénica se convierte en innovacion farmacéutica que también se puede traducir
en innovacion terapéutica, como ha demostrado este estudio. Resulta crucial dirigir la
atencion hacia la optimizacion de las formulas magistrales y la incorporacion de nuevos
sistemas de liberacion de farmacos para la preparacion de medicamentos en los Servicios de
Farmacia Hospitalaria, de modo que cualquier aportacion innovadora que mejore la

terapéutica con buenos resultados resulte esperanzadora.

En el contexto especifico de la esclerosis tuberosa, gracias a una colaboracion interdisciplinar
con los dermatdlogos, los farmacéuticos hospitalarios pueden realizar un seguimiento clinico
de los pacientes, y, a través de la atencion farmacéutica, contribuir a mejorar la efectividad

del tratamiento minimizando las posibles reacciones adversas.
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El farmacéutico especialista debe posicionarse adecuadamente y servir de conexion entre el
paciente y los resultados de la farmacoterapia, alcanzando, en Ultima instancia, una
integracion completa y solida del farmacéutico de hospital en el equipo multidisciplinar

asistencial.
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CONCLUSIONES

1. La revision sistematica de inhibidores de mTOR para el tratamiento de los angiofibromas
faciales asociados a esclerosis tuberosa posiciono al sirélimus topico como el tratamiento
farmacologico de eleccion, demostrando su eficacia y seguridad en la mayoria de los
estudios. No obstante, la calidad de la evidencia recopilada fue limitada, siendo la mayoria
de los estudios series de casos o casos aislados (nivel 5 de la escala CEBM).

2. En la evaluacion de la efectividad se identificaron la escala FASI y el cuestionario DLQ
como herramientas validadas, simples y reproducibles para determinar objetivamente la
severidad de los angiofibromas faciales y evaluar la calidad de vida, respectivamente.

3. De acuerdo con la revision de la literatura y la evidencia disponible, se decidid utilizar una
concentracion de sirélimus del 0,4% con una frecuencia de administracion de tres veces
por semana. Sin embargo, debido a la elevada variabilidad entre estudios, no fue posible
establecer una forma farmacéutica idonea para la administracion tdpica.

4. La optimizacion galénica de la formulacion topica de sirolimus al 0,4% se logré abordando
aspectos relacionados con el principio activo, el disolvente y el vehiculo principal. La
inclusion de sirdlimus como materia prima condujo a mejoras en las caracteristicas
organolépticas del preparado final y a una reduccion en el coste de la terapia en
comparacion con los comprimidos comercializados de sirdlimus; la incorporacion del
Transcutol®P como disolvente posibilité una distribucion mas homogénea del principio
activo en el vehiculo y una mayor biodisponibilidad del farmaco a través del estrato
corneo, gracias a la elevada solubilidad del sirdlimus en el Transcutol®P en contraste con
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la parafina liquida; el objetivo de mejorar el vehiculo principal llevo a la propuesta y
disefio de cuatro posibles formulaciones de sirdlimus al 0,4%: pomada, emulsion, gel y
formulacion liposomal. Esta Ultima considerada como innovacion galénica para la
administracion topica de sirolimus.

5. Los estudios de estabilidad demostraron que unicamente una de las cuatro opciones
propuestas, la formulacion liposomal, mantuvo su estabilidad quimica, fisica y
microbioldgica a lo largo de 56 dias. Tras la ampliacion del estudio de estabilidad, se le
otorgd un periodo de validez de 84 dias entre 2 y 8 °C protegida de la luz. La estabilidad
guimica de las formulaciones tipo pomada y gel se vio limitada por el Ty y la formulacion
tipo emulsion perdio su estabilidad fisica por rotura temprana de la emulsion. Todas las
formulaciones mantuvieron su estabilidad microbioldgica durante todo el periodo de
muestreo.

6. La calidad de la formulacion liposomal fue confirmada mediante la caracterizacion de los
liposomas formados, demostrando la obtencion de vesiculas unilamelares con un tamafio
medio de particula de 1789 nm. El sistema resultd homogéneo, con un indice de
polidispersion de 0,093, y eléctricamente estable, presentando un potencial Z de -41,1 mV,
La eficiencia de encapsulacion alcanzo el 89,19%, confirmando una elevada capacidad de
encapsulacion del sirdlimus en las nanovesiculas liposomales.

7. Laevaluacion clinica demostrd que el sirdlimus topico liposomal al 0,4% fue efectivo para
el tratamiento de los angiofibromas faciales asociados a esclerosis tuberosa en 8 de 11

pacientes (73%). Se obtuvieron diferencias estadisticamente significativas entre las
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puntuaciones FASI, IGA, y las subcategorias de eritema y tamafio de los angiofibromas
antes y después del tratamiento.

Cinco de los 11 pacientes (45%) mejoraron su calidad de vida segun el cuestionario DLQL.
En tres de ellos, la mejoria en el DLQI se considero clinicamente relevante al obtener un
cambio de al menos 4 puntos al finalizar el tratamiento, con una media de mejora de 7,6
puntos.

La formulacion tdpica liposomal de sirdlimus al 0,4% fue bien tolerada, con efectos
adversos leves como prurito o sensacion de tirantez que desaparecieron al finalizar el
tratamiento. En dos casos, el eritema fue reportado como un efecto adverso moderado
que llevo a la interrupcion prematura de la terapia. Ambos pacientes tenian antecedentes
de piel con tendencia atopica. Los resultados de las pruebas hematoldgicas y
farmacocinéticas confirmaron la ausencia de absorcion sistémica del principio activo
después de su administracion tdpica, lo que contribuyé a una mayor seguridad del
sirolimus topico liposomal.

Tras la revision sistematica, la optimizacion galénica y la evaluacion clinica, el sirdlimus
topico liposomal al 0,4% se incluyd como formula magistral disponible en la Guia
Farmacoterapéutica del Servicio de Farmacia del Hospital Universitario Doctor Peset de
Valencia, cubriendo una necesidad médica en el tratamiento de las manifestaciones

cutaneas de la enfermedad rara conocida como esclerosis tuberosa.
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PRINCIPALES LIMITACIONES
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Las limitaciones de la revision sistematica de la evidencia disponible radican en la escasa
cantidad de literatura publicada sobre el tratamiento de los AF en la ET con inhibidores de
mTOR. La mayoria de los trabajos estudiados incluyen un ndmero limitado de pacientes,
principalmente informes de casos clinicos aislados, lo que dificulta establecer decisiones
terapéuticas precisas basadas en la evidencia. A pesar del reducido niimero de publicaciones
incluidas, 30 en total, la fase de revision sistematica ofrece informacion completamente
actualizada sobre el tema hasta la fecha de publicacion del articulo. Cabe destacar que un
quinto ensayo clinico aleatorizado de relevancia se publicd en 2023, posterior a esta revision,
y no fue incluido en la misma (25). A pesar de ello, toda esta recopilacion de informacion puede
resultar valiosa para otros investigadores y profesionales de la salud en la toma de decisiones

clinicas y terapéuticas.

Durante la fase de optimizacion galénica se identifica una importante variabilidad en los
resultados de estabilidad quimica de las formulaciones, la cual se atribuye a la dificil
homogeneizacion de todos los componentes durante el proceso de elaboracion y a la
extraccion del principio activo a partir de los solventes, que depende tanto del tipo de
formulacion como de sus excipientes. De hecho, la capacidad de extraccion del sirélimus a
partir de la formulacion liposomal es mucho mas dificultosa en comparacion con el resto de

las formulaciones ensayadas.
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El estudio observacional de efectividad y seguridad de la formulacion liposomal presenta un
tamario de muestra reducido, lo cual puede suponer ciertas limitaciones que podrian afectar
a la validez y la extrapolacion de los resultados. La metodologia utilizada y las pruebas
estadisticas aplicadas han tenido en cuenta el problema del tamafio muestral (n < 30), al igual
que otros estudios preliminares en este campo. Resulta importante recalcar que la esclerosis
tuberosa es una enfermedad rara de baja prevalencia (menos de 1 de cada 2.000 personas),
lo que dificulta considerablemente el reclutamiento de pacientes y el estudio de nuevas

terapias para esta indicacion.
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NUEVAS PERSPECTIVAS

Tras confirmarse la idoneidad del sirlimus topico en el tratamiento de los AF asociados a la
ET, no parece adecuado explorar nuevas formulaciones con otros inhibidores de mTOR. En
cambio, futuros proyectos podrian enfocarse en conocer el perfil de liberacion del sirolimus
cuando se incorpora a los liposomas, con el objetivo de estudiar su absorcion transdérmica a
través del estrato corneo. Estudios previos han confirmado que liposomas similares son
capaces de proporcionar una mayor biodisponibilidad y penetracion de la sustancia activa a
través de la piel, permitiendo una liberacion hasta diez veces mas rapida que formulaciones
menos complejas. Este aspecto podria verse confirmado en la formulacion liposomal

estudiada con futuras investigaciones en el campo especifico de la dermocinética.

En cualquier caso, la optimizacion de formulas magistrales y el desarrollo galénico en los
Servicios de Farmacia Hospitalaria podria centrarse en la incorporacion de nuevos sistemas
de liberacion de farmacos para la preparacion de medicamentos, con la posibilidad de
encapsular numerosas moléculas de cualquier naturaleza e incluir este tipo de formas

farmacéuticas como alternativa terapéutica en determinadas indicaciones.

La efectividad y la seguridad del sirolimus tdpico liposomal al 0,4% ha quedado demostrada
tras el estudio observacional durante 24 semanas realizado a 11 sujetos. Dos pacientes en
nuestro estudio no respondieron adecuadamente y suspendieron el tratamiento por
reacciones adversas. En este sentido, podrian explorarse otras concentraciones u otras

frecuencias de administracion con el objetivo de optimizar la respuesta y la tolerancia. Cabe
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destacar que los pacientes no reciben el tratamiento de forma continua, sino que interrumpen
durante los meses de verano para reducir al minimo o prevenir en la medida de lo posible los
eventos adversos asociados a la fototoxicidad del principio activo. No obstante, también seria
valioso realizar estudios clinicos a largo plazo para confirmar los resultados obtenidos y su

impacto definitivo en la calidad de vida de los pacientes.
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ANEXQS
SIRGLIMUS POMADA 0,4% Ca”“dadzggelabm“
Producto: Cantidad Total N° de lote
0,4%
Fase |
10%
10%
Fase ll 20%
1%
Fase llI 20g
MODUS OPERANDI

Orden | Procedimiento:
Pesar el sirdlimus en tubo de vidrio y afiadir el Transcutol®P; vortear hasta que

se disuelva.

) Mezclar la fase Il al bafio maria hasta completa disolucion de todos los
componentes.

3 Calentar al bafio maria la vaselina. Afadir la fase Il a la fase lll. Agitar con
varilla de vidrio.

4 Anadir la fase | al resto de fases continuando con la agitacion hasta completa

homogeneizacion.
Proteccion para el manipulador: Guantes, mascarilla, bata, Cabina de seguridad bioldgica
(CsB-I)
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Utillaje utilizado: Balanza, Espétula, tubo de vidrio, varilla de vidrio, vaso de precipitados,
bafio maria, CSB-I.

CONTROL DE CALIDAD:
Caracteristicas organolépticas, pH.
- . RESULTADOS
Caracteristicas del producto acabado: pomada blanquecina-
amarillento opaca, pHde 7.
PERSONAL ELABORADOR: FECHAY FIRMA DEL RESPONSABLE

INFORMACION ADICIONAL PARA LA ELABORACION DEL PROSPECTO

INDICACIONES Y POSOLOGIA: angiofibromas faciales en esclerosis tuberosa. 1 aplicacion 3
veces por semana (una pelicula ligera hasta que desaparezca la formulacion en la piel)
preferiblemente por la tarde-noche. Dejar actuar durante 2-3 horas. A continuacion, lavar
con agua y jabon neutro y secar bien. Aplicar crema hidratante.

CONSERVACION

En condiciones optimas, el plazo de validez es de 42 dias, segun estudio de estabilidad
fisica, quimica y microbioldgica. Guardar en envase bien cerrado, protegido de la luz, y a
temperatura entre 2-8 °C.

REACCIONES ADVERSAS: eritema, enrojecimiento, tirantez.
PRECAUCIONES ESPECIALES: recomendable evitar el tratamiento durante los meses de
verano. Fotoproteccion 50 FPS durante todo el afio. Hidratacion adecuada de la piel

expuesta al farmaco.

CONTRAINDICADO EN EL EMBARAZO/LACTANCIA
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Cantidad a elaborar:

SIROLIMUS EMULSION 0,4% 200
Producto: Cantidad Total N° de lote
0,4%
Fase |
10%
Fase Il 20%
Fase I 20g
MODUS OPERANDI
Orden | Procedimiento:
1 Pesar el sirélimus en tubo de vidrio y afiadir el Transcutol® P; vortear hasta que
se disuelva.
) Calentar la fase Il al bafio maria y agitar con varilla de vidrio hasta completa
disolucion.
3 Anadir la fase | a la fase Il lentamente y manteniendo la agitacion.
4 Anadir la fase lll lentamente con agitacion vigorosa hasta la formacion de la
emulsion.

Proteccion para el manipulador: Guantes, mascarilla, bata, Cabina de seguridad bioldgica

(CSB-1)

Utillaje utilizado: Balanza, espatula, tubo de vidrio, varilla de vidrio, vaso de precipitados,
bafo maria, CSB-I.
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CONTROL DE CALIDAD:
Caracteristicas organolépticas, pH.
RESULTADOS
Caracteristicas del producto acabado: emulsion blanquecina, pH de 6.
PERSONAL ELABORADOR: FECHA'Y FIRMA DEL RESPONSABLE

INFORMACION ADICIONAL PARA LA ELABORACION DEL PROSPECTO

INDICACIONES Y POSOLOGIA: angiofibromas faciales en esclerosis tuberosa. 1 aplicacion 3
veces por semana (una pelicula ligera hasta que desaparezca la formulacion en la piel)
preferiblemente por la tarde-noche. Dejar actuar durante 2-3 horas. A continuacion, lavar
con agua Yy jabon neutro y secar bien. Aplicar crema hidratante.

CONSERVACION

En condiciones optimas, el plazo de validez es de 7 dias, segun estudio de estabilidad
fisica, quimica y microbioldgica. Guardar en envase bien cerrado, protegido de la luz, y a
temperatura entre 2-8 °C.

REACCIONES ADVERSAS: eritema, enrojecimiento, tirantez.

PRECAUCIONES ESPECIALES: recomendable evitar el tratamiento durante los meses de
verano. Fotoproteccion 50 FPS durante todo el afio. Hidratacion adecuada de la piel
expuesta al farmaco.

CONTRAINDICADO EN EL EMBARAZO/LACTANCIA

BIBLIOGRAFIA:
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SIRGLIMUS GEL 0,4% Cantidad a elaborar-:
20g
Producto: Cantidad | Total N° de lote
0,4%
Fase |
10%
2%
Fase ll
20g
MODUS OPERANDI
Orden Procedimiento:
1 Pesar el sirdlimus en tubo de vidrio y afadir el Transcutol® P; vortear
hasta que se disuelva.
) Mezclar la fase Il en agitador magnético hasta completa disolucion de la
hidroxipropilmetilcelulosa en el agua.
3 Afadir la fase | a la fase Il lentamente y manteniendo la agitacion.
4 Dejar reposar durante 24 horas a 2-8° C para mejorar la consistencia del
gel.
Proteccion para el manipulador: Guantes, mascarilla, bata, Cabina de seguridad bioldgica
de flujo laminar vertical (CSB-I)
Utillaje utilizado: Balanza, Espatula, tubo de vidrio, vaso de precipitados, agitador
magnético, CSB-I.

183 | Pagina



Tesis Doctoral | Clara Cortell Fuster

CONTROL DE CALIDAD:
Caracteristicas organolépticas, pH.
RESULTADOS
Caracteristicas del producto acabado: gel transparente, pH de é.
PERSONAL ELABORADOR: FECHA'Y FIRMA DEL RESPONSABLE

INFORMACION ADICIONAL PARA LA ELABORACION DEL PROSPECTO

INDICACIONES Y POSOLOGIA: angiofibromas faciales en esclerosis tuberosa. 1 aplicacion 3
veces por semana (una pelicula ligera hasta que desaparezca la formulacion en la piel)
preferiblemente por la tarde-noche. Dejar actuar durante 2-3 horas. A continuacion, lavar
con agua Yy jabon neutro y secar bien. Aplicar crema hidratante.

CONSERVACION

En condiciones optimas, el plazo de validez es de 14 dias, segun estudio de estabilidad
fisica, quimica y microbioldgica. Guardar en envase bien cerrado, protegido de la luz, y a
temperatura entre 2-8 °C.

REACCIONES ADVERSAS: eritema, enrojecimiento, tirantez.

PRECAUCIONES ESPECIALES: recomendable evitar el tratamiento durante los meses de
verano. Fotoproteccion 50 FPS durante todo el afio. Hidratacion adecuada de la piel
expuesta al farmaco.

CONTRAINDICADO EN EL EMBARAZO/LACTANCIA
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SIRGLIMUS LIPOSOMAL 0,4% Ca“t'dadzggelab“a“
Producto: Cantidad Total N° de lote
25%
0,1%
0,4%
3%
10%
10%
49,5%
csp. pH7-7,5
2%
MODUS OPERANDI
Orden | Procedimiento:
1 Disolver el colesterol en la solucion liposomal en un vaso de precipitados y un
iman con agitador magnético.
Pesar el sirolimus en tubo de vidrio y afiadir el Transcutol® P; vortear hasta que
2 se disuelva. Ahadir la Fase Il a la Fase |. Homogeneizar con agitador magnético
hasta que se incorpore.
3 Anadir el miristrato de isopropilo (Fase ll) y el propilenglicol (Fase IV) y agitar
unos 10 minutos hasta que se integren bien los componentes.
4 Afadir el agua muy poco a poco, y mantener en agitador magnético 30 min a
1000 rpm.
5 Medir el pH, y si es necesario, anadir NaOH 10% para llevar a pH7 - 7,5. Esto

incrementa la estabilidad de los liposomas en el tiempo.
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6 Dejar reposar 20 minutos y filtrar con filtro de 0,22 micras para extrusionarlos.

Incorporar el carbopol y homogeneizar con varilla o agitador magnético hasta
que espese.

Dejar reposar en nevera durante 24h. Al dia siguiente homogeneizar con varilla
8 ligeramente hasta obtener una textura tipo gel. Envasar en frascos de 20g
opacos.

Proteccion para el manipulador: Guantes, mascarilla, bata, Cabina de seguridad bioldgica
de flujo laminar vertical (CSB-I)

Utillaje utilizado: Balanza, Espétula, agitador magnético, vaso de precipitados, CSB-I.

CONTROL DE CALIDAD:
Caracter[stlcas organolepticas, pH. RESULTADOS
Caracteristicas del producto acabado: gel blanquecino-amarillento
opaco, pH de 7-8. Con contenido alcohdlico.
PERSONAL ELABORADOR: FECHAY FIRMA DEL RESPONSABLE

INFORMACION ADICIONAL PARA LA ELABORACION DEL PROSPECTO

INDICACIONES Y POSOLOGIA: angiofibromas faciales en esclerosis tuberosa. 1 aplicacién 3
veces por semana con guante de nitrilo (una pelicula ligera hasta que desaparezca la
formulacion en la piel), preferiblemente por la tarde-noche. Dejar actuar durante 2-3
horas. A continuacion, lavar con agua y jabon neutro y secar bien. Aplicar crema
hidratante.

CONSERVACION:

En condiciones optimas, el plazo de validez es de 84 dias, segun estudio de estabilidad
fisica, quimica y microbioldgica. Guardar en envase bien cerrado, protegido de la luz, y a
temperatura entre 2-8 °C.

REACCIONES ADVERSAS: Eritema, enrojecimiento, tirantez.

PRECAUCIONES ESPECIALES:
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Es recomendable evitar el tratamiento durante los meses de verano. Fotoproteccion 50
FPS durante todo el afo. Hidratacion adecuada de la piel expuesta al farmaco.

CONTRAINDICADO EN EL EMBARAZO/LACTANCIA

ENSAYOS REALIZADOS:

Ensayo de EE (%) + DS = 89.19 + 4.57

Tamafio medio de particula =178.9 nm, Pdl 0.093
Potencial zeta (mV) £ DS = -41.1 £13.4

EE: Eficiencia de Encapsulacion
DS: Desviacion Standard
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Unidad de Atencion Farmacéutica a Pacientes Externos (UFPE)
Servicio de Farmacia - Hospital Universitario Doctor Peset, Valencia

SIROLIMUS LIPOSOMAL 0,4%

El sirélimus (rapamicina) en aplicacion topica es un inmunosupresor de la familia mTOR que se utiliza para
el tratamiento local de los angiofibromas faciales en pacientes con esclerosis tuberosa.

Conservar en nevera (entre 2 y 8 °C). No congelar. Caducidad: 84 dias.

El sirdlimus liposomal al 0,4% se administra via tdpica tres veces por semana: por ejemplo, lunes, miércoles
y viernes por la tarde-noche. Su textura gel permite una excelente aplicacién y absorcion sobre las
afecciones cutaneas en mejillas, nariz y menton. Utilizar un guante de nitrilo y aplicar una pequefa cantidad
hasta la completa absorcién del gel. Tras la administracion esperar 2-3 horas y lavar con agua y jabdn
neutro para retirar cualquier resto de formulacion, secar bien y aplicar una crema hidratante.

Si olvida una administracion, apliquese la formulacion tan pronto como sea posible. Recuerde que la
posologia recomendada es tres veces por semana.

En la zona de aplicacién puede aparecer enrojecimiento, picor o rubor. En casos excepcionales puede
producirse un exantema por exposicion solar prolongada. Recuerde que el sirdlimus es un medicamento
fototoxico. Evite la exposicion al sol, y use cremas fotoprotectoras de FPS 50. No se recomienda la
administracion de este tratamiento durante el periodo estival.

e  Administre este tratamiento exactamente como le ha indicado su médico/farmacéutico.

e  Este medicamento se le ha prescrito a usted personalmente y no debe ser utilizado por otras personas ya
que puede perjudicarle, aunque tenga sintomas similares a los suyos.

e Informe a su médico o farmacéutico si estd tomando o ha tomado recientemente otros medicamentos,
incluso los adquiridos sin receta.

e  Este medicamento esta contraindicado en el embarazo/lactancia.

e  Mantenga sus medicamentos fuera de la vista y del alcance de los nifios. No utilice su medicamento una vez
superada su fecha de caducidad.

o Devuelva la medicacion no utilizada al Servicio de Farmacia.
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Durante el Ultimo mes, ;ha sentido picor, inflamacion, dolor o escozor en su piel?
a.  Muchisimo
b. Mucho
c.  Unpoco
d. En absoluto
Durante el Ultimo mes, ;se ha sentido incémodo/a o cohibido/a a causa de sus problemas de piel?
a. Muchisimo
b. Mucho
¢.  Unpoco
d. Enabsoluto
Durante el Ultimo mes, ;sus problemas de piel le han interferido en ir de compras o en la realizacion de
actividades domésticas?
a. Muchisimo
b. Mucho
¢.  Unpoco
d. Enabsoluto
Durante el Ultimo mes, ;sus problemas de piel han influido en la ropa/maquillaje/peinado que llevaba?
a. Muchisimo
b. Mucho
c. Unpoco
d.  Enabsoluto
Durante el dltimo mes, sus problemas de piel han afectado a alguna actividad social o de ocio?
a. Muchisimo
b. Mucho
c.  Unpoco
d. En absoluto

Durante el dltimo mes, ;le ha sido dificil practicar un deporte a causa de sus problemas de piel?

a.  Muchisimo
b. Mucho
c.  Unpoco

d. Enabsoluto
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Durante el Gltimo mes, ;sus problemas de piel le han impedido trabajar o estudiar?
a.  Muchisimo
b. Mucho
¢. Unpoco
d. Enabsoluto
Durante el Ultimo mes, ;su piel le ha causado problemas con su pareja o alglin amigo/a intimo/a o
pariente?
a.  Muchisimo
b. Mucho
¢.  Unpoco
d. En absoluto
Durante el Ultimo mes, ;sus problemas de piel le han dificultado su vida sexual?
a.  Muchisimo
b. Mucho
¢.  Unpoco
d. En absoluto
Durante el Ultimo mes, ;el tratamiento de su piel ha sido un problema para usted, por ejemplo porque ha

ensuciado la casa o le ha quitado tiempo?

a.  Muchisimo
b. Mucho
¢.  Unpoco

d. En absoluto Puntuacion DLQI

a. 3 puntos
b. 2 puntos
c. 1punto

d. 0 puntos

Meaxima puntuacion = 30 puntos
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ANEXO G. EJEMPLOS DE APARIENCIA DE LOS ANGIOFIBROMAS FACIALES ANTES Y
DESPUES DEL TRATAMIENTO
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Topical rapamycin in the treatment of facial angiofibromas in tuberous
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ABSTRACT

Introduction: facial angiofibromas of tuberous sclerosis are the most prevalent cutaneous manifest-
ation, affecting 80% of patients, which cause facial lesions with negative psychosocial consequences.
Newly, topical rapamycin has been established as an effective and safe therapy for this skin condition.
Purpose: to analyze the available scientific evidence about the effectiveness and safety of topical siro-
limus in the treatment of facial angiofibromas in tuberous sclerosis.

Methods: a literature search was conducted in PubMed and Cochrane. Effectiveness and safety were
analyzed along with the main characteristics of each formulation in all included studies.

Results: thirty studies were included involving a total of 508 patients, developed in the last 20years.
Four randomized clinical trial, 17 case series and 9 single case reports were founded. Multiple topical
rapamycin concentrations (0.003-1%) and formulations (gel, ointment, solution) were found in litera-
ture. Rapamycin demonstrated its effectiveness in all studies included, except for 5 patients in a 1b
study. Rapamycin was shown to be safe for the treatment of FA.

Conclusions: Topical sirolimus can be considered an effective and safety option for the treatment of
facial angiofibromas in tuberous sclerosis. However, further long-term studies need to establish an evi-
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Updated review to date in topical rapamycin for facial angiofibromas, allowing support in thera-

peutic decisions.

Introduction

Tuberous sclerosis (TS) is a rare disease with an incidence of 1
in 6000 to 1 in 10,000 individuals (1). Genetically, it is an auto-
somal dominant inherited disease with variable expression,
caused by the inactivation of either of two tumor suppressor
genes: TSC1 or TSC2 (2) (located on chromosome 9 and 16,
respectively). These genes encode the hamartin and tuberin pro-
teins which form an important heterodimer (TSC1-TSC2 com-
plex) (3) key to regulating cell proliferation and differentiation
of the mTOR (mammalian target of rapamycin) pathway. All of
these mechanisms translate into the multisystem formation of
benign noninvasive tumors, called hamartoma and distributed
in tissues and organs such as: brain, kidneys, lungs, heart, eyes
and skin. These anatomo-clinical manifestations were first pub-
lished by Bourneville in 1880 (4). For this reason, Bourneville dis-
ease is a TS synonym.

The most prevalent skin condition in TS are facial angiofibro-
mas (FA), which occur in up to 80% of patients (5) and they are
one of the main criteria for diagnosis. FA appear between 2 and
5years of age and grow in number and size stabilizing in ado-
lescence (2). The visual impact of facial injuries, with the esthetic
and psychological problem that they entail (6,7), has motivated
the use of multiple treatments to improve the quality of life of
patients (8). Physical treatment include radiofrequency,

electrocoagulation, cryotherapy, dermabrasion and laser therapy
(3,9). The main problem with these techniques is that are inva-
sive and painful and require anesthesia. Tranilast or podofilo-
toxin has been used as a pharmacological treatment, but recent
publications place rapamycin (sirolimus) as the most appropriate
pharmacological alternative, based on favorable data of effect-
iveness and safety (5).

Rapamycin is a potent m-TOR inhibitor and has immunosup-
pressive, antitumor and antiangiogenic properties, which was
first developed in the 1990s (10). Several studies have shown
the improvement of FA after post-renal immunosuppressive
therapy with oral rapamycin (11-13). According to these experi-
ences, topical therapy was raised, because prevented the
patient’s systemic exposure to drug. The first experience in top-
ical rapamycin treatment was in 2010 by Haemel et al. (14) and
reported an improvement in FA after 12 weeks with 1% rapamy-
cin. The effectiveness of topical sirolimus has been evaluated
mostly by the subjective investigator evaluation (15,16). Salido-
Vallejo in 2014 assessed the effectiveness with a standardized
scale: Facial Angiofibromas Severity Index (FASI score) (17), scor-
ing facial injuries based on erythema, size and extension.
However, there is not a commercially available formulation and
the risk-benefit profile has not been thoroughly investigated. In
addition, rapamycin was added to NIOSH list as a hazardous
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drug in 2014 (18), which results in greater control in the devel-
opment of topical formulations. The objective of this systematic
review is to analyze the available scientific evidence about the
use of topical rapamycin in the treatment of FA in TS.

Methods

A retrospective review was conducted to identify clinical studies
involved in the evaluation of effectiveness and safety around
the use of topical rapamycin for FA in TS. Publications were
identified in PubMed’s MEDLINE and Cochrane databases from
January 2000 to December 2020. Last search date: 01/19/2021.
Key search words (included in MeSH terms) (19) 'rapamycin’,
‘sirolimus’, ‘rapamune’, ‘angiofibroma’, ‘dermatofibroma’ and
"tuberous sclerosis’ were used. E-search strategy for PubMed
database was ("sirolimus"[tiab] OR "rapamycin"[tiab] OR "rapa-
mune"[tiab]) AND ("angiofibroma"[All Fields] OR
"dermatofibroma"[All Fields]) AND "tuberous sclerosis"[All Fields]
AND ("2000/01/01"[PDATI:"2020/12/31"[PDAT]). ~ The methods
used for extracting data from publications were excel forms and
reading studies. Inclusion criterion: clinical trials and case reports
related to treatment with any topical formulation (concentration
and vehicle) of rapamycin for FA in TS. Exclusion criteria: differ-
ent diagnosis of FA in TS, non-topical rapamycin treatment,

Table 1. Level of Evidence (CEBM scale, Oxford).
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reviews, non-English language articles, letters to the editor, ani-
mal trials and full text not available. Level of evidence for each
publication was established according to CEBM scale (Center for
Evidence-Based Medicine) of Oxford (20) (Table 1). To complete
the studies description, we described the number of patients
(n), the concentration and vehicle used, the study design for
randomized clinical trials, another therapies associated with top-
ical rapamycin treatment, posology and duration of treat-
ment (weeks).

For each study we analyzed effectiveness (subjective
improvement assessed by the investigator, validated and unval-
idated scales or quality-of-life questionnaires) and safety
(adverse events, haematological tests and rapamycin plasma lev-
els) during treatment.

Results

A total of 66 publications were screened, 30 articles met the
inclusion criterion and did not present any exclusion criteria,
involving 508 patients (Figure 1). Among them, there were four
randomized clinical trials (21-24), 17 case series (15,16,25-39)
and nine single case reports (14,40-47). Five studies combined
topical rapamycin with other therapies: laser (33,42,47),

Recomendation degree

Level of evidence

Type of study

A: extremely recommendable 1a
1b
1c

B: favorable recommendation 2a
2b
2c
3a
3b

C: favorable but inconclusive recommendation 4

D: neither recommended nor disapproved 5

SR/MA of RCTs

Individual RCT (with a narrow confidence interval)
Clinical practice (all of them or none)

SR/MA of cohort studies

Individual cohort study (including low quality RCT)
Outcomes research. Ecological studies

SR/MA or case-control studies

Individual case-control study

Case series (poor quality cohort and case-control studies)
Expert opinion

CEBM: center for evidence-based medicine; RCT: randomized clinical trial; SR: systematic review; MA: meta-analysis.

n=30, 508 patients

Screened publications n=66 ) ¥ -
Exclusion criteria
o different diagnosis of FA in TS, n=6
T P e 7 T . non_-topical rapamyecin treatment, n=15
e clinical trials/case reports _ i %1=6 .
about topical rapamycin = non-engllsh. language, n=2
for FA in TS e lettersto editor, n=3
L e animal trials, n=1
A e full text not available, n=3
Included publications

Figure 1. Studies selection.
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Table 2. Systematic review of literature.

Another Duration of
Evidence Rapamycin Study design therapies treatment
Year Author level (CEMB) N concentrations Vehicle (for RCT) associated Posology (weeks)
2020 Hatano et al. (39) 4 33 0.2% Gel - None Twice daily 12
2020 Chen et al. (24) 1b 52 0.1% Ointment Rapamycin 0.1% vs Topical calcitriol ~ Twice daily 24
rapamycin-calcitriol
0.1% vs
calcitriol only
2020 Okanishi et al. (16) 4 9 0.2% Gel - None Twice daily 24
2019 Wheless et al. (15) 4 1 0.1% Ointment - None Twice daily for 52
2 weeks and
once daily
2018 Negosanti et al. (47) 4 1 0.05% Ointment - Laser Twice daily 20
2018 Lee et al. (38) 4 36 0.2% Ointment - None NR 26
2018 Koenig et al. (23) 1b 179 0.1%; 1% NR 0.1% vs 1% vs None NR 24
vehicle only
2017 Amin et al. (37) 4 14 0.1% Ointment - None Once daily 24
2017 Wang et al. (36) 4 29 0.1% QOintment - None Twice daily 36
2017 Ebrahimi-fakhari 4 1 0.1% Ointment - None Twice daily 164
et al. (46)
2017 Wataya-Kaneda 1b 36 0.05%; 0.1%; 0.2% Gel 0.05% vs 0.1% vs 0.2% None Twice daily 16
et al. (22) vs vehicle only
2017 Cinar et al. (35) 4 12 0.1% Ointment - None Twice daily 24
2016 Schwartz et al. (45) 4 1 0.1% Ointment - None Twice daily NP
2015 Pynn et al. (34) 4 2 0.1% Ointment - None Once daily 20-36
2014 Park et al. (33) 4 4 0.1% Ointment - Laser Twice daily 48-84
2014 Tu et al. (32) 4 19 0.1-1% Ointment - None Twice daily and 32-120
three/four
times per
week
2014 Knopfel et al. (43) 4 1 0.2% Ointment - None Five times 48
per week
2013 Tiedemann Svendsen 4 1 0.4% Ointment - None Three times 24
et al. (44) per week
2013 Bae-Harboe et al. (42) 4 1 0.2% Ointment - Laser and NR NP
electrosurgery
2013 Tanaka et al. (31) 4 1 0.2% Gel and - None Twice daily 12
Ointment
2013  Wheless et al. (30) 4 2 0.1% Hydrophilic - None Twice daily and 48
ointment once daily
2012 Koenig et al. (21) 1b 23 0.003%; 0.015% Skincerity 0.003% vs 0.015% vs None Once daily 24
vehicle only (nightly)
2012 Foster et al. (29) 4 4 0.1% Ointment and - None Twice daily 24
Solution
2012 Truchuelo et al. (41) 4 1 1% Dexeryl - None Once daily 4
2012 Kaufman McNamara 4 2 0.1% Eucerin and - None Once daily 12
et al. (28) Solution
2012 Salido et al. (27) 4 10 0.4% Ointment - None Three times 36
per week
2011  Mutizwa et al. (26) 4 2 0.1% Solution - None Twice daily 10-23
2011 Wataya-Kaneda 4 9 0.2% Ointment - Topical tacrolimus  Twice daily 16
et al. (25)
2011 Deklotz et al. (40) 4 1 1% Ointment - None Twice daily 4
2010 Haemel et al. (14) 4 1 1% Ointment - None Twice daily 12
CEBM: Center for Evidence-Based Medicine; RCT: randomized clinical trial; NR: not reported.
electrosurgery (42), topical tacrolimus 0.03% (25) or calcitriol Concentrations

(24). In one patient oral rapamycin at 3mg daily was added to
improve the efficacy of topical therapy (28). In the other 24
studies topical rapamycin was used as monotherapy
(14-16,21-23,26,27,

29-32,34-41,43-46) (Table 1). In addition, in three of them,
patients were applied rapamycin in one area of the face and
vehicle only on the other side (25,31,35).

Level of evidence (CEBM scale)

After analysis of the level of evidence according to CEBM scale,
four studies with level 1b of evidence (individual randomized
clinical trial with narrow Confidence Interval) were identified
(21-24). The other studies were classified in level 4 of evidence
(Case-series: poor quality cohort and case-control studies)
(Tables 1 and 2).

High variability was observed in concentrations chosen for top-
ical formulations (from 0.003% to 1%).

With a total amount of 508 patients treated, the most preva-
lent concentration in literature was 0.1% (213 patients, 41.9%),
followed by 0.2% (108 patients, 21.3%) and 1% (65 patients,
12.8%). The other concentrations (0.5%, 0.4%, 0.05%, 0.003%
and 0.015%) were used as a group in 48 patients, 11.8%. 79
patients (15.6%) were treated with vehicle only (placebo effect)
in randomized clinical trials. (Table 2).

Vehicle

Different excipients were used in the studies to formulate rapa-
mycin. The ointment with lipophilic excipients was the first
choice, corresponding to 212 patients, 41.7%, followed by gel (85
patients, 16.7%), commercially available creams: Skincerity (ARIIX
LLC, American Fork, UT, USA), Eucerin (Beiersdorf, Hamburg,



Germany) and Dexeryl (Pierre Fabre, Paris, France) (25 patients,
4.9%), solution (five patients, 1.0%) and ointment with hydrophilic
excipients (two patients, 0.4%). In 179 cases (35.2%) the vehicle
was not defined (Table 2).

Posology

The most prevalent posology found in literature was: twice daily
(133 patients, 46.9%), once daily (53 patients, 10.4%) and three
times weekly (11 patients, 2.2%). In 179 cases (35.2%) posology
was not reported (Table 2).

Effectiveness

Rapamycin demonstrated its effectiveness in all studies
included, except for 5 patients in a 1b study (21).
A subjective evaluation by the investigator was applied
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and another unvalidated scales (53 patients, 10.4%) were
used to a lesser extent. In addition, three studies assessed the
effectiveness with quality-of-life questionnaires for
patients (23,37,39).

Only one of the higher quality studies used FASI score for
effectiveness assessment (24). The other three used quality-of-
life questionnaires (23), and a subjective evaluation by the
investigator (21-23). (Table 3).

Safety

Adverse events

Rapamycin was shown to be safe for the treatment of FA. In
only some patients did it cause dermatological side effects. Two
serious adverse events were reported: pneumonia in the context
of a seizure (21), and a septic shock by urinary tract infection
(24), both required hospitalization. The relationship with topical

in 355 patients, 69.9%. FASI

score (153 patients,

Table 3. Systematic review of literature (2).

30.1%)

treatment was dismissed

in the first study (21), because

Rapamycin
Year Author Effectiveness Adverse events Haematological tests plasma levels
2020 Hatano et al. (39) Unvalidated scale and 4/33 Acne, 3/33 NP NP
SF-36: improvement irritation, 3/33 dry
skin, 2/33 pruritus
2020 Chen et al. (24) FASI score: 1/52 septic shock by NP NP
improvement urinary tract
infection (SAE)
2020 Okanishi et al. (16) SEl: improvement 1/9 Acne NP NP
2019 Wheless et al. (15) SEl: improvement None NP Yes: undetectable
2018 Negosanti et al. (47) SEI: improvement None NP NP
2018 Lee et al. (38) FASI score: 3/36 Erythema NP NP
improvement
2018 Koenig et al. (23) SEl and DLQI: 54/179 Pruritus, NP Yes: undetectable
improvement erythema, pain
2017 Amin et al. (37) SEl, PedsQL and SF-36: 1/14 Erythema NP NP
improvement
2017 Wang et al. (36) SEl: improvement None NP Yes: undetectable
2017 Ebrahimi-fakhari SEI: improvement None NP Yes: undetectable
et al. (46)
2017 Wataya-Kaneda SEl: improvement 15/36 Dry Yes: normal Yes: undetectable
et al. (22) skin, erythema
2017 Cinar et al. (35) FASI score: 3/12 Erythema NP NP
improvement
2016 Schwartz et al. (45) SEI: improvement none NP NP
2015 Pynn et al. (34) SEI: improvement 1/2 Pruritus NP NP
2014 Park et al. (33) SEI: improvement None NP Yes: undetectable
2014 Tu et al. (32) SEI: improvement 1/19 Erythema, 1/19 NP Detectable in 2 patients
perioral dermatitis. (0.5y 0.8 mcg/L)
2014 Knopfel et al. (43) SEI: improvement None NP NP
2013 Tiedemann Svendsen SEI: improvement None NP Yes: undetectable
et al. (44)
2013 Bae-Harboe et al. (42) SEI: improvement none NP NP
2013 Tanaka et al. (31) Unvalidated scale: None NP Yes: undetectable
improvement
2013 Wheless et al. (30) SEI: improvement None NP Yes: undetectable
2012 Koenig et al. (21) SEl: improvement 1/23 Pneumonia (SAE) Yes: normal Yes: undetectable
2012 Foster et al. (29) SEI: improvement 2/4 Erythema NP Detectable in 1 patient
(rapamycin solution) (0.8 mcg/L)
2012 Truchuelo et al. (41) SEI: improvement None Yes: normal Yes: undetectable
2012 Kaufman McNamara SEI: improvement 1/2 Headache Yes: normal NP
et al. (28)
2012 Salido et al. (27) SEI: improvement None NP Yes: undetectable
2011 Mutizwa et al. (26) SEI: improvement 2/2 Erythema NP Yes: undetectable
2011 Wataya-Kaneda Unvalidated scale: None NP Yes: undetectable
et al. (25) improvement
2011 Deklotz et al. (40) SEI: improvement None NP NP
2010 Haemel et al. (14) SEI: improvement None Yes: normal Yes: undetectable

SEl: Subjective Evaluation by Investigator; FASI: Facial Angiofibroma Severity Index; DLQI: Dermatology Life Quality Index; PedsQL: Pediatric Quality of Life
Inventory; SF-36: Short Form 36 Health Survey Questionnaire; SAE: Serious Adverse Event; NP: Not performed.
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rapamycin plasma levels were undetectable. Two patients devel-
oped uncommon side effects: headache (28) and perioral
dermatitis (32). Both disappeared after dose reduction of oral
rapamycin and after antibiotic treatment, respectively. The most
common adverse events in higher-quality studies (21-24) were
pruritus, erythema, pain and dry skin (Table 3).

Haematological tests

To provide more safety to topical rapamycin therapy, haemato-
logical tests of thrombocytes, lymphocytes and red blood cells
counts were performed in some studies (63 patients, 12.4%)
(14,21,22,28,41). These tests were normal in all cases, with no
altered laboratory parameters in patients. (Table 3).

Rapamycin plasma levels

To ensure systemic non-absorption, rapamycin plasma levels
was performed in 343 patients, 67.5% of all patients
(14,21-23,25-27,29-33,36,41,44,46).

Rapamycin  serum concentrations were undetectable
(<1.0ng/mL) in 340 patients (99.1%), and 79 of these patients
belonged to the groups treated with vehicle only (placebo). In
three cases rapamycin plasma levels were detectable with con-
centrations between 0.5 and 0.8 mcg/L (29,32). (Table 3).

Discussion

The search for mTor inhibitors for the treatment of FA has
placed rapamycin as standard therapy ensuring effectiveness
and safety in different studies. Topical rapamycin has even been
shown to be more effective than another mTor inhibitor (tacroli-
mus) (25), confirming its eligibility in TS.

The result of the current systematic review offers little litera-
ture: just 30 articles evaluating topical rapamycin therapy for FA
in TS were included, of which only four corresponds to random-
ized clinical trials and the rest are case series or single case
reports. This point limits the scientific validity of the studies ana-
lyzed as a whole, because most of them were classified in level
4 of evidence (recommendation C: favorable but inconclusive
recommendation) according to CEBM scale. In addition, high
variability between studies in terms of concentration, vehicle,
posology, duration of treatment and effectiveness assessment
make it impossible to choose a formulation to treat this skin dis-
ease (Tables 2 and 3).

Studies that assess effectiveness subjectively predominate,
according to the investigator's opinion. A minority of studies
evaluate results with scores based on the severity of FA or qual-
ity-of-life questionnaires for patients. Specifically, FASI score to
measure effectiveness is a simple, reproducible and validated
tool for assessing the severity of FA and subsequent response
to rapamycin treatment. Thus, this scale provides a more object-
ive assessment (17), evaluating erythema, size and extension
of FA.

Rapamycin has a favorable safety profile, as demonstrated in
most studies. The incidence of skin adverse events is as
expected based on the total number of patients considered (23)
and usually disappear after the end of treatment. Several studies
conducted blood cell counts and rapamycin plasma levels
because this molecule has an immunosuppressive mechanism.
All haematological tests were normal. In three patients rapamy-
cin plasma levels were detectable (0.5-0.8 mcg/L), far below the
2.6 mcg/L needed for immunosuppression (29).

Following these comments, we should consider patient satis-
faction with topical therapy, including this point in effectiveness
assessment. Different studies have included the assessment of
quality of life and patient satisfaction as an important aspect in
dermatological diseases, including TS. These authors explain the
development and validation of various quality of life instru-
ments, mostly in pediatric patients (8,48-54).

Topical rapamycin is not a curative treatment, it has shown
that FA reappear after withdrawal (46). Therefore, ensuring
adherence is important in such long-lasting treatments. There
are strategies that can help to improve adherence to treatment
and guarantee greater effectiveness and less adverse events: an
easier vehicle to apply that does not compromise the drug
release into skin, gel vehicle for example (31); and a more
spaced posology like three times per week (with higher concen-
tration of rapamycin: 0.4%) are more comfortable for
patients (2).

In conclusion, topical rapamycin can be considered an effect-
ive and safety treatment for FA in TS. It should be noted that
this is a hazardous drug since 2014 and the use is off-label with
an informed consent signed by patients. These characteristics
position pharmacy services as key elements in the elaboration
of these formulations. Hospital pharmacists can conduct a clin-
ical follow-up of patients, contributing to improve effectiveness
and minimize adverse reactions. In parallel, more galenic, der-
mokinetic and clinical studies are needed to confirm which for-
mulation is most appropriate to ensure effectiveness, safety and
high patient satisfaction.

Limitations

The limitations of this review lie in the limited literature pub-
lished for the treatment of FA in TS with mTOR inhibitors. Most
of the jobs available include few patients, predominantly case
reports. This makes it very difficult to establish an accurate, evi-
dence-based therapeutic decision. Despite the small number of
publications included (30), this article provides a completely
updated review to date based on evidence, allowing support in
therapeutic decisions for other authors and clinicians.
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Abstract

Introduction Topical rapamycin has been established as an effective and safe therapy for facial angiofibromas in tuberous
sclerosis. Different formulations have been tested for this skin disease, most using an ointment as a vehicle.

Purpose To improve the classical formulation of topical rapamycin and to determine the validity period of the proposed
options based on chemical, physical, and microbiological stability studies.

Methods Four different 0.4% rapamycin formulations were prepared (ointment, emulsion, gel, and liposomes). The stabil-
ity studies for each formulation over 56 days were as follows: (1) chemical: extraction with different solvents and high-
performance liquid chromatography assay; (2) physical: pH, uniformity, extensibility, absence of crystals, absence of phase
separation, and only for liposomal formulation, particle size, zeta potential, and encapsulation efficiency were determined;
and (3) microbiological: culture samples in blood-agar media.

Results Only liposomes were chemically, physically, and microbiologically stable after 8 weeks. Ointment, emulsion, and
gel formulations lost their chemical or physical stability before 56 days.

Conclusions The authors describe four new formulations to improve the previous treatment for facial angiofibromas in tuber-
ous sclerosis. The liposome-based formulation was the most appropriate according to chemical, physical, and microbiological
stability studies. However, it would be necessary to carry out clinical studies to ensure the effectiveness and safety of this
formulation and also guarantee an improvement in the quality of life of patients.

Keywords Formulation/stability - Chemical analysis - Emulsions - Rapamycin - Liposomes - Tuberous sclerosis complex

Introduction

Tuberous sclerosis (TS) is an autosomal dominant rare
disease, characterized by the multisystem formation of
benign non-invasive tumors, called hamartomas and
distributed in tissues and organs such as the brain, kid-
neys, lungs, heart, eyes, and skin [1]. The most preva-
lent skin condition in TS is facial angiofibromas (FA),
which occur due to an alteration of the mTOR (mamma-
lian target of rapamycin) pathway. These facial injuries
imply an aesthetic and psychological problem [2, 3],
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and sometimes, its treatment is not prioritized due to
the existence of more serious complications associated
with this rare disease.

Multiple treatments have been established for these patients.
Physical treatments like radiofrequency, electrocoagulation,
cryotherapy, dermabrasion, and laser therapy [4] are invasive
and painful and require anesthesia. The interest of mTOR
inhibitors focuses pharmacological treatment on everolimus
and sirolimus, and recent publications place topical rapamycin
(sirolimus) as the most appropriate alternative [5].

We found multiple studies with topical rapamycin in the
literature, including four randomized clinical trials [6-9],
and all of them provide favorable data on effectiveness and
safety. However, high variability between studies in terms of
concentration, vehicle, posology, duration of treatment, and
effectiveness assessment forces us to study several formula-
tions to choose the most appropriate.

Several authors have studied different formulations
other than the classic formulation (an ointment based on
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petrolatum) with the aim of achieving a better appearance
and consistency of the formulation in order to improve
patient compliance with treatment.

Bouguéon et al. [10] studied the physico-chemical stabil-
ity of a cream formulation with a commercialized excipient
called Excipial Hydrocréme®. Additionally, they used dieth-
ylene glycol monoethyl ether P (Transcutol®) as a vehicle
and demonstrated that rapamycin was ten times more soluble
in Transcutol® (fully soluble, 20.2 mg/mL) compared to lig-
uid paraffin (<2 mg/mL). Le Guyader et al. [11] conducted
a physico-chemical and microbiological stability study on
a gel-type formulation. These authors also recommend the
use of solubilizing agents such as transcutol in combination
with gel-type formulations, since they have demonstrated
improved permeation, penetration, and release. Ghanbarza-
deh et al. formulated rapamycin integrated into a liposomal
solution, explaining the methodology in development of
rapamycin liposomes, and additionally studied their chemi-
cal stability using a validated high-performance liquid chro-
matography (HPLC) method [12, 13].

Among all the concentrations and dosages reported in
the literature, 0.4% concentration, three times per week, is
interesting to avoid exposure to the drug every day and thus
minimize possible cutaneous adverse events without com-
promising effectiveness [14, 15].

In addition, the current legal regulations in Spain on mag-
istral formulas establish that the validity period of non-typ-
ified magistral formulas corresponds to the full duration of
the treatment [16]. Secondly, the Guide to Good Practice of
Preparation of Medications in Hospital Pharmacy Services
in Spain establishes a validity period of 30 days for oint-
ments and creams, which can be increased if demonstrated
with stability studies [17].

The purpose of this study is to improve the classic for-
mulation of topical rapamycin for FA in TS and determine
the validity period of the proposed formulations based on
chemical, physical, and microbiological stability.

Methods

Materials and Reagents

Rapamycin powder (an active substance) was provided by
Acofarma (Madrid, Spain). The rest of the excipients used
in the preparation of the formulations were supplied by
Guinama (Valencia, Spain). All reagents and solvents were
provided by Scharlab (Valencia, Spain).

Formulation and Preparation

Galenic optimization of the topical formulation of rapa-
mycin at 0.4% based on its excipients was performed. The

@ Springer

most widely used classical formulation in the literature
is petrolatum as a vehicle. However, other options were
formulated based on previous studies.

Four different formulations were developed in the biologi-
cal safety cabinet, all of them with a rapamycin concentration
of 0.4% and with differences in their excipients. The result-
ing formulations were ointment, emulsion, gel, and liposomes
(Table 1). Each formulation was packaged in a bottle protected
from ambient light and stored in a cold room at 5 °C +3 °C.

Chemical Stability
Equipment

An Agilent Technologies 1100 HPLC system (Agilent
Technologies Inc., Waldbronn, Karlsruhe, Germany) with
a quaternary pump, micro-vacuum degasser, autosampler,
thermostatted column compartment, diode array detector,
and Agilent Technologies ChemStation for LC 3D Soft-
ware was used for the analysis.

Table 1 Composition of rapamycin formulations

Formulation Component Amount, mass basis

Ointment Rapamycin 0.4%
Transcutol® 10%
Lanolin 10%
Shea butter 20%
Vitamin E 1%
Petrolatum qs.20g
Emulsion Rapamycin 0.4%
Transcutol® 10%
W/O autoemulsifiable base 20%
WFI qs.20g
Gel Rapamycin 0.4%
Transcutol® 10%
Hydroxypropyl methyl cellulose 2%
WFI qs.20g
Liposomes  Rapamycin 0.4%
Transcutol® 3%
Liposomal solution 25%
(Guinoxome®)
Cholesterol 0.1%
Isopropyl myristate 10%
Propylene glycol 10%
Carbopol 2%
NaOH 10% q.s.pH7.5
WFI qs.20g

Q.s. a sufficient quantity, WFI water for injection
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Chromatographic Conditions

To determine the validity period of each formulation accord-
ing to its chemical stability, an HPLC method was developed
and validated. A C18 Kromasil column (150 mm X 4.6 mm,
5 pm) was used. The mobile phase consisted of a mixture of
acetonitrile and water (75/25 v/v). The flow rate was 1 mL/
min. The sample injection volume was 10 pL and sample
temperature was 25 °C +3 °C. The column temperature was
50 °C and the analysis time was 15 min. Rapamycin detec-
tion was processed at 280 nm.

Method Validation

The analytical methods were validated according to
ICHQ2R1 (International Consensus on Harmonization) [18].
Two calibration curves were developed: one using a mixture
of acetonitrile, hexane, and water for injection (WFI) as a
diluent (for the chemical stability of ointment, emulsion,
and gel formulations) and the other using methanol (for the
chemical stability of liposomes). The interday and intraday
precision and accuracy of the methods were established
using six concentration levels (0.025, 0.05, 0.075, 0.1, 0.125,
and 0.15 mg/mL) in duplicate on three different days. The
least squares method was used to evaluate linearity, calculat-
ing a regression line between concentrations and peak areas
of the chromatogram.

Rapamycin Extraction

For the extraction of rapamycin from ointment, emulsion,
and gel formulations, 0.1 g of cream was introduced in a
glass tube with 4 mL of a mixture of acetonitrile, hexane,
and WFI and kept in the vortex for 10 s. The samples were
then centrifuged at 3500 rpm for 10 min. The resulting
supernatant was removed, and 1 mL was aliquoted for HPLC
analysis. For the extraction of rapamycin from liposomes,
0.100 g of cream was introduced in a glass tube with 4 mL
of methanol. The samples were kept in the vortex for 10 s,
50 pL was aliquoted, and after 1/20 dilution with methanol,
they were analyzed with the HPLC method.

Rapamycin Degradation

Rapamycin quantity per weighed formulation quantity (Q,
mg/g) and percentage content of remaining rapamycin
(%RC) in each formulation were determined by triplicate
at times () =0, 2, 7, 14, 21, 28, 42, and 56 days. Ty, was
established when %CR was <90%.

Physical Stability

All pertinent procedures to establish the physical stability of
the formulations were carried out following the specifica-
tions of the National Drug Formulary [19] and the Guide to
Good Practice in the Preparation of Medications in Hospital
Pharmacy Services [17].

pH, uniformity, extensibility, absence of crystals, and
absence of phase separations were evaluated on a transparent
surface according to 3 levels: level 1, the least favorable, and
level 3, the most favorable, for 56 days for each formulation.

Liposome Characterization

Only for liposomes mean particle size, zeta potential, and
encapsulation efficiency (EE%) were determined by tripli-
cate at t=0 days. Mean particle size and zeta potential were
determined using a particle size analyzer that uses the laser
diffraction method (Malvern Instruments, Worcestershire,
UK). The EE% was obtained via ultrafiltration, using
Amicon® ultracentrifugal filters (Merck Millipore, Ireland)
with a molecular weight cutoff of 10,000 Da. An aliquot
of 500 pL of the liposomal formulation was added to the
sample reservoir and centrifuged for 15 min at 14,000 g.
Then, 50 pL was aliquoted in duplicate and, after 1/20 dilu-
tion with methanol, was analyzed with HPLC method to
determine the concentration of free drug in the filtrate. The
following equations were used for the calculations [13, 20]:

”t_ ”f
EE% = —— x 100

t

where W, and W; represent the total amount of the drug and
the free amount of the drug, respectively.

Microbiological Stability

Culture samples in blood-agar media of each formulation
were incubated at 37 °C in duplicate at t=28 and 56 days,
according to the microbiological control instructions of the
National Drug Formulary.

Results

Chemical Stability

Method Validation

The calibration curve for the chemical stability of ointment,
emulsion, and gel formulations demonstrated linearity with

a coefficient of determination (%) of 0.9998. The limits
of detection (LD) and quantification (LQ) were 0.003 and
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0.009 mg/mL, respectively. Linearity was also determined
for the chemical stability of the liposomal formulation, with
a coefficient of determination (r2) 0f 0.9958, LD=0.011 mg/
mL, and LQ=0.038 mg/mL.

Rapamycin Degradation

Table 2 shows the rapamycin quantity per weighed formu-
lation quantity (Q, mg/g) and the percentage content of
remaining rapamycin (%RC) in each formulation at times
(H=0,7, 14, 21, 28, 42, and 56 days. Figure 1 shows oint-
ment, emulsion, gel, and liposome chromatograms.

Ty, was reached during the sampling period for the oint-
ment, emulsion, and gel formulations: T4,=56, 14, and
21 days, respectively. Only liposomes were stable for 56 days.

Physical Stability

Table 3 exposes the results of the physical stability param-
eters for the four formulations. The ointment formulation
obtained a level 1 score in extensibility property due to its
high petrolatum content, similar to the classical formulation.
It should be noted that the emulsion formulation resulted in
a pre-separation of phases at 14 days and a definitive break-
down of the emulsion at 21 days; therefore, it was assigned a
level 1 score in the absence of phase separations property. The
score of level 1 in the absence of crystal property for the gel
formulation was awarded by the presence of white particles.

Liposome Characterization

The mean particle size of prepared liposomes determined a
good quality result of the analysis with a polydispersity index
value < 0.2, indicating a homogenous dispersion. The EE%
turned out to be very favorable for the liposomal formulation,
with a high load of rapamycin per liposome formed.

Table 2 Chemical stability results

Microbiological Stability

Culture samples were negative in blood-agar media for each
formulation at t=28 and 56 days (Table 3).

Discussion

This study concludes that only one of the four proposed for-
mulations, liposomes, maintains their chemical, physical,
and microbiological stability throughout all the sampling
time, awarding them a validity period of 56 days.

For the ointment and gel formulations, the chemical sta-
bility was the determining factor for not reaching the validity
period of 56 days, with Ty, =56 and 21 days, respectively.
In the case of the emulsion formulation, the physical stabil-
ity was very obviously compromised after pre-separation of
phases at 14 days and a definitive breaking up of the emul-
sion at 21 days. All formulations were microbiologically sta-
ble throughout the sampling period. Considering all stability
studies, the validity period for each formulation was as fol-
lows: ointment =42 days, emulsion="7 days, gel =14 days,
and liposomes = 56 days.

Rapamycin is a highly apolar, active substance. This
stability study confirms that rapamycin is more comfort-
able among lipophilic excipients, such as petrolatum and
liposomes. In hydrophilic vehicles, it tends to precipitate
and lose its physical and chemical stability, as in the case of
emulsion and gel formulations.

Regarding excipients, transcutol allows a greater solubil-
ity of rapamycin in the vehicle [10], thus avoiding possible
precipitations of the active principle and constituting a sig-
nificant improvement in the formulation.

The liposomal formulation has certain advantages over
the ointment formulation: it has a better appearance, is more
comfortable, and has better extensibility (Photograph 1).

Rapamycin quantity/weighed formulation quantity (Q, mg/g) + SD

Time (days) 0 2 7 14 21 28 42 56

Ointment 721+0.86 7.13+£0.28  7.22+0.87  7.59+0.44 10.19+3.44 7344093  6.64+041 6.40+0.16
Emulsion 941+0.28  9.29+040  9.18+1.04  8.12+0.63 9.48+0.35 11.10£1.94  7.59+0.77 7.87+2.93
Gel 8.40+0.01 786+0.10 8.09+1.85  7.80+0.44 7.56+0.19 7.69+042  7.71+0.22 8.16+0.23
Liposomes 1.15+0.11 1.17+0.03 1.27+0.13 1.22+0.09 1.24+0.03 1.25+0.07 1.38+0.14 1.22+0.18
Percentage content of remaining rapamycin (%RC) + SD

Time (days) 0 2 7 14 21 28 42 56

Ointment 100.00+0.00  99.97+12.81 100.20+4.17 106.82+18.48 139.48+31.38 103.58+24.59 93.47+16.41 89.45+8.67
Emulsion 100.00+0.00 98.89+6.38 97.70+12.17 86.52+9.36 100.80+3.66 118.48+24.34 80.68+7.42 83.85+31.49
Gel 100.00+0.00 9353+1.15 96.33+21.98 92.82+525 89.96+2.20 91.55+5.03 91.79+2.60 97.14+2.70
Liposomes 100.00+£0.00 102.65+9.99 111.29+7.43 106.56+2.34 108.58+12.29 110.05+15.94 121.07+11.86 107.51+21.12

SD standard deviation
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Fig. 1 Ointment, emulsion, gel, and liposome chromatograms

Historically, some patients complained that classic ointment
was difficult to apply [21] and the enhanced organoleptic
properties of the liposomal formulation would help increase
compliance with treatment and patient satisfaction with topi-
cal therapy.

Table 3 Physical and microbiological stability results

Additionally, liposomes have been studied as carriers of
molecules for immunosuppressive therapies and chemother-
apy [22, 23]. Liposome-encapsulated rapamycin has been
shown to have the ability to reach the drug’s site of action
more quickly, with antiproliferative properties on T cells

[23, 24].

Physical stability results: properties for 56 days and liposome charac- Ointment Emulsion Gel Liposomes
terization (mean particle size, zeta potential, and EE% at ¢t =0 days)
pH 7.0 6.0 6.0 7.5
Uniformity Level 2 Level 3 Level 3 Level 3
Extensibility Level 1 Level 2 Level 3 Level 3
Absence of crystals Level 3 Level 3 Level 1 Level 3
Absence of phase separation Level 3 Level 1 Level 3 Level 3
Mean particle size, PdI NA NA NA 178.9 nm, PdI 0.093
Zeta potential (mV) +SD NA NA NA —41.1+13.4
EE% +SD NA NA NA 89.19+4.57
Microbiological stability results: culture samples at =28 and 56 days Negatives Negatives Negatives Negatives

NA not applicable, PdI polydispersity index, mV millivolts, SD standard deviation, EE encapsulation efficiency
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Therefore, liposomes exert their influence on the stra-
tum corneum of the skin, improving the penetration of the
active substance and providing an increased bioavailability
of rapamycin [20]. This property makes liposomes particu-
larly effective for cosmetic and pharmaceutical use.

In these therapies, the role of the hospital pharmacists is
key in the preparation of the formulations, since rapamycin
was added to the NIOSH list as a hazardous drug in 2014
[25], which results in greater control in the development
of topical formulations [26]. In addition, pharmaceutical
care has special relevance in the processes of dispensing,
administration, and monitoring, promoting the supervision
and control of these patients.

After galenic improvement and confirmation of stability
in liposomes, clinical studies are needed to ensure effective-
ness, safety, and high patient satisfaction.

Limitations

The authors are aware that there is significant variability in
chemical stability results for all formulations. This is due
to the fact that during the formulation process, the correct
homogenization of the excipients is very difficult, and the
extractability of solvents depends on the formulation and
its excipients. In any case, this article provides new stabil-
ity data, allowing support in therapeutic decisions for other
authors and clinicians.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12247-023-09792-9.
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ABSTRACT

Aim: Topical rapamycin is the pharmacological treatment of choice for facial angiofibromas in rare tuberous scle-
rosis disease. A new, more advanced, and complex formula was developed in our pharmacy service: rapamycin
0.4% liposomal formulation, with better organoleptic characteristics and a more favorable release profile of the
active ingredient.
The purpose of this study is to evaluate the effectiveness and safety of liposomal topical rapamycin for the
treatment of facial injuries in this rare disease.
Method: This was an observational, prospective, and multicenter study. Effectiveness was evaluated mainly
through facial angiofibromas severity index (FASI), investigator's global assessment (IGA) scores, and dermatol-
ogy life quality index (DLQI) questionnaire. To assess the safety profile of rapamycin, adverse reactions were re-
ported, and blood tests and plasma rapamycin levels were performed during treatment.
Results: Eleven patients were included, of which 8/11(73%) patients obtained successful treatment according to
FASI and IGA scores after 24 weeks of treatment. Statistical analysis demonstrated a significant improvement
(p<.05) in FASI and IGA scores, erythema, and FA size after treatment with rapamycin liposomal formulation
(FASI before treatment, median (interquartile range): 6.0 (2.0), FASI after treatment: 3.5(2.0), p=.0063). Five
patients also improved their quality of life after treatment. Regarding safety profile of rapamycin, the most com-
mon adverse reaction was mild pruritus and 2 patients reported erythema, who discontinued treatment prema-
turely. All hematological tests were normal, and plasma rapamycin levels were undetectable.
Conclusions: After galenic improvements and clinical evaluations, the rapamycin liposomal formulation proved
to be effective and safe for this therapeutic indication. This new formulation was included as a magistral formula
in our hospital pharmacy service, now accessible for prescribing by dermatologists. Drug development in hospital
pharmacy is often the only pharmacological alternative available to treat the symptoms of rare diseases, when
treatment options are limited or inadequate.
© 2024 Sociedad Espafiola de Farmacia Hospitalaria (S.E.F.H). Published by Elsevier Espaiia, S.L.U. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Efectividad y seguridad de sirélimus liposomal para el tratamiento de angiofibromas
faciales en esclerosis tuberosa

RESUMEN

Objetivo: El sirélimus topico es el tratamiento farmacolégico de eleccién para los angiofibromas faciales
asociados a la enfermedad rara de la esclerosis tuberosa. En nuestro Servicio de Farmacia se desarroll6 una
nueva férmula mas avanzada y compleja: sirélimus liposomal al 0,4%, con mejores caracteristicas organolépticas
y un perfil de liberacién del principio activo mas favorable.

El objetivo de este estudio es evaluar la eficacia y seguridad del sir6limus tépico liposomal para el tratamiento
de los angiofibromas en esclerosis tuberosa.
Meétodo: Estudio observacional, prospectivo y multicéntrico. La efectividad se evalud principalmente a través de
la escala FASI (Facial Angiofibromas Severity Index), la escala IGA(Investigator's Global Assessment) y el
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cuestionario de calidad de vida en dermatologia(DLQI). Para evaluar el perfil de seguridad de la formulacién, se
reportaron las reacciones adversas y se realizaron pruebas hematoldgicas y niveles plasmaticos de sir6limus
durante el tratamiento.

Resultados: Se incluyeron once pacientes, de los cuales 8/11 (73%) obtuvieron un tratamiento exitoso segtn las
puntuaciones FASI e IGA después de 24 semanas de tratamiento. El andlisis estadistico demostré una mejora
significativa (p < 0,05) en las puntuaciones FASI e IGA, el eritema y el tamafio de los AF después del tratamiento
con la formulacién liposomal de sirélimus (FASI antes del tratamiento, mediana(rango intercuartilico): 6,0(2,0),
FASI después del tratamiento: 3,5(2,0), p = 0,0063). Cinco pacientes también mejoraron su calidad de vida tras el
tratamiento. En cuanto al perfil de seguridad, la reaccién adversa mas frecuente fue prurito leve y dos pacientes
refirieron eritema, por lo que suspendieron el tratamiento prematuramente. Todas las pruebas hematolégicas
fueron normales y los niveles plasmaticos de sir6limus fueron indetectables en todos los casos.

Conclusiones: Tras la optimizacién galénica y la evaluacion clinica, el sir6limus liposomal demostrd ser efectivo y
seguro para esta indicacion. Esta nueva formulacion fue incluida como férmula magistral en el nuestro servicio de
farmacia, quedando disponible para su prescripcion por parte de Dermatologia. La elaboracién de medicamentos
en los servicios de farmacia hospitalaria es, en muchas ocasiones, la tinica alternativa farmacolégica posible para
tratar los sintomas de las enfermedades raras, cuando las opciones de tratamiento son limitadas o inadecuadas.

© 2024 Sociedad Espaiiola de Farmacia Hospitalaria (S.E.F.H). Publicado por Elsevier Espaiia, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Tuberous sclerosis (TS) is a rare autosomal dominant disease with an
incidence of 1 in 6000 to 1 in 10 000 individuals' in which a series of
mutations occur in tumor suppressor genes (TSC1 and TSC2). This
leads to deregulation of the mTOR pathway and uncontrolled cell prolif-
eration, resulting in multisystem formation of benign tumors called
hamarthromas?. These tumors can have different severity and locations,
one of the most common being the kidneys. In addition, they can be af-
fected by slight traumas that can also cause uncontrolled bleeding’.

The most common skin manifestation of TS is facial angiofibromas
(FA). They constitute a fundamental diagnostic criterion for the disease
since they are present in up to 80% of patients. FA appear at an early age
and tend to stabilize in number and size in adolescence, which some-
times represents an esthetic and psychological problem for these
patients*>.

Multiple treatments have been established for this skin condition.
Physical treatments like radiofrequency, electrocoagulation, cryother-
apy, dermabrasion, and laser therapy present certain problems because
are invasive and painful and require anesthesia®’. The interest of mTOR
inhibitors focuses pharmacological treatment on everolimus and siroli-
mus, and recent publications place topical rapamycin (sirolimus) as the
most appropriate alternative. This molecule is a powerful mTOR inhibi-
tor with immunosuppressive, antitumor, and antiangiogenic
characteristics®.

We found multiple studies in the literature that ensure the effective-
ness and safety of this pharmacological therapy, such as case series and
several clinical trials, with a higher evidence level®~'3. However, signif-
icant variability was evident in the concentrations, dosages, and formu-
lations tested in the literature.

In our hospital pharmacy service, we decided to optimize the conven-
tional formulation commonly used by dermatologists in accordance with
standard clinical practice: rapamycin 0.4% in vaseline. The result of ga-
lenic research and development was a more advanced and complex for-
mula: a 0.4% liposomal formulation of rapamycin®'* prepared in a
biological safety cabinet. The exact composition of the liposomal formu-
lation was rapamycin 0.4%, transcutol® 3%, liposomal solution
(Guinoxome®) 25%, cholesterol 0.1%, isopropyl myristate 10%, propylene
glycol 10%, carbopol 2%, NaOH 10% q.s. pH 7.5, and water for injection q.s.
20 g. In the cosmetic and pharmaceutical fields, pre-prepared and com-
mercially available lipid solutions are used, which can form liposomes
upon incorporating an aqueous solution. Specifically, the Guinoxome® li-
posomal solution allows for easy and high-quality liposome formation.
The remaining components of the formulation serve as humectants
and stabilizers, with special attention given to transcutol. This solvent
functions as an excellent absorption promoter, showing a higher

solubility of rapamycin in this vehicle compared to liquid paraffin'®.
The liposomes obtained were lighter, with better extensibility, and be-
cause of their characteristics, they are compatible with all skin types’.
In addition, previous studies have reported a greater release of the active
ingredient in liposomal vesicles than in other formulations, like gels'”.
This new liposomal formulation was validated based on its chemical,
physical, and microbiological stability, with an encapsulation efficiency
of 89% for rapamycin'®, The validity period was 3 months at 3-8 °C'°.

According to standard clinical practice, topical liposomal rapamycin
administration can improve the appearance of FA, demonstrating the
drug's effectiveness and safety following formulation optimization.

This study aims to evaluate the effectiveness and safety of liposomal
topical rapamycin for the treatment of FA in rare TS disease.

Method
Study design and development

This was an observational, prospective, longitudinal, and multicen-
ter study. The study period during which patients were recruited was
between December 2021 and October 2023. The participating centers
were the Doctor Peset University Hospital and University Clinical Hospi-
tal of Valencia, Spain. The clinical services involved were the pharmacy
service of the Doctor Peset University Hospital and the dermatology ser-
vice of both hospitals.

Description

This study was divided into 3 distinct phases: screening, treatment,
and follow-up. Detailed assessments can be found in Annex 1.

Screening phase

The suitability of the participants for inclusion in the study was
assessed. Informed consent was obtained, and patient demographics,
medical history, and concomitant medications were collected.

Treatment phase

The treatment phase consisted of a clinical visit at baseline (Vp) and 3
subsequent clinical visits after 2, 12, and 24 weeks of treatment with the
rapamycin liposomal formulation (P;, V,, and V3). Patients were
instructed how to administer the treatment: 3 times per week in the af-
ternoon using a nitrile glove. The amount of formulation required to pro-
duce a thin confluent layer on the skin was 6 mg/cm? and was based on
the size of the affected area. Its gel texture allows for excellent applica-
tion and absorption onto skin conditions on the cheeks, nose, and chin.
Patients completely removed the formulation after 2 or 3 h of exposure
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by washing with water and neutral soap. It was recommended to keep
the area well hydrated, avoid sun exposure, and use sunscreen creams
with SPF 50. Patients who discontinued treatment prematurely under-
went a visit (Vi) in whom effectiveness and safety were evaluated.

Follow-up
A follow-up visit (P4) was performed 4 weeks after the V5 or Vy visit,
in which early withdrawal of treatment was confirmed.

Inclusion criteria

1. Male and female patients aged >10 years and <65 years on the day
informed consent was obtained.

2. Patients diagnosed with TS and presenting visible FA.

3. FASI (facial angiofibromas severity index) score of at least 3 and no
greater than 8 (Annex 2).

4. IGA (investigator's global assessment) score' of at least 2 and no
greater than 4 (Annex 2).

Exclusion criteria

1. Patients who have received any mTOR inhibitor in the 3 months prior
to selection by any route of administration.

2. Patients with laser or surgical therapy in the 6 months prior to
selection.

3. Patients with serious skin lesions like erosions or ulcers.

4, Patients with known hypersensitivity to any component of the study
product.

5. Patients with immune dysfunction or receiving any form of
immunosuppression.

6. Pregnant or lactating females.

Prohibited concomitant medications

The following medications are prohibited during the study to avoid
potential interference with the assessment of effectiveness and safety:

i. Laser and surgical treatment in the targeted treatment area.

ii. Application of steroids or other immunosuppressive agents to the
designated area.

ili. Administration of mTOR inhibitors (rapamycin, everolimus,
temsirolimus, etc.) by any route of administration.

iv. Potent inhibitors of CYP3A4 and/or P-gp (such as ketoconazole,
voriconazole, itraconazole, erythromycin, telithromycin, or
clarithromycin) or strong inducers of CYP3A4 and/or P-gp (such as
rifampicin) by any route of administration.

Evaluation of effectiveness
Objective evaluation by investigator (OEI)
Primary endpoints.

» Percentage of patients with successful treatment according to a
decrease of 2 or more points on FASI score after treatment.

» Percentage of patients with successful treatment according to a
decrease of 1 or more points on IGA score after treatment.

» Median values of FASI score and the subcategories: erythema, size,
and extension before and after treatment.

» Median values of IGA score before and after treatment.

Secondary endpoints.

* Percentage of patients with successful treatment according to a de-
crease of 2 or more points on FASI score after 12 weeks of treatment.
 Percentage of patients with successful treatment according to a de-
crease of 1 or more points on IGA score after 12 weeks of treatment.

Farmacia Hospitalaria xxx (xxxx) 1-10

* Time to treatment success (weeks of treatment) according to FASI and
IGA scores.

Subjective evaluation by investigator (SEI)

Primary endpoints.

* Subjective improvement score: SIS (minimal, moderate, good, or ex-
cellent) in photographs of FA after treatment.

Secondary endpoints.

« SIS (minimal, moderate, good, or excellent) in photographs of FA after
12 weeks of treatment.

Quality of life

Primary endpoints.

* Percentage of patients with an improvement in quality of life accord-
ing to a decrease in score on the dermatology life quality index (DLQI)
questionnaire after treatment (Annex 3).

* Median values of DLQI questionnaire before and after treatment.

Secondary endpoints.

* Percentage of patients with an improvement in quality of life accord-
ing to a decrease in score on the DLQI questionnaire after 12 weeks of
treatment.

Evaluation of safety

Adverse events (AEs)
* Notification of adverse reactions during P;, V5, V3, and P4 visits.

Hematology

* Blood tests with complete blood count using flow cytometry (white
blood cell, red blood cell, and platelet counts) during Vo, V2, and V3
visits. (Abbott ARCHITECT®, Abbott Park, IL, USA).

Pharmacokinetics

* Plasma rapamycin levels at V, and V3 visits. A chemiluminescent mi-
croparticle immunoassay (CMIA) was utilized for the quantitative de-
termination of sirolimus in human whole blood (Abbott ARCHITECT®,
Abbott Park, IL, USA). Prior to initiating the automated ARCHITECT se-
quence, a manual pretreatment step was undertaken. This involved
extracting the whole blood sample (150 pL) with a precipitation
reagent (300 pL), followed by heating (10 min at 42 °C) and centrifu-
gation (5 min at 10,900 rpm). Subsequently, the supernatant was
decanted into a Transplant Pretreatment Tube, which was then placed
onto the ARCHITECT i System for further processing. The limit of
detection of the ARCHITECT Sirolimus assay was 0.3 ng/mL.

Statistical methods

A standard descriptive analysis was performed on all variables at
baseline, continuous variables will be expressed as mean and standard
deviation, and qualitative variables will be expressed as absolute fre-
quencies, percentages, and proportions. The statistical analysis was con-
ducted using the intention-to-treat (ITT) approach. All study
participants were included in the analysis, regardless of their compli-
ance with the treatment or any protocol deviations. To evaluate the nor-
mality of the data, the Shapiro-Wilk test was employed, which is
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Screened, n=19

Inclusion and exclusion

\4

Ineligible, n=8

criteria
v
Included, n=11 |
Discontinued due to drug-related AEs, n=2
—»

Discontinued due to patient’s refusal to
treatment continuation, n=1

v

Completed 24 weeks of

treatment, n=8

Fig. 1. Patient disposition. AEs: adverse events.

suitable for small samples (n<30). The logistic transformation was ap-
plied due to the non-normal distribution but was not entirely effective
in normalizing the data. Non-parametric tests were subsequently con-
ducted, specifically the Wilcoxon signed-rank test for paired samples,
with variables expressed as median values and interquartile ranges
(IQR). Deviations were considered statistically significant when p<.05.
Stata® 13.1 was used for the processing of statistical information.

Results

Eleven patients were screened. After exclusion of 8 ineligible pa-
tients, 11 patients were included (Fig. 1), of which 8 were women.
The median age was 36 (11-64) years at screening. Most of the patients
were of Caucasian ethnicity, which is predominant in Spain. Four pa-
tients additionally had hamarthromas in different locations, such as
the kidneys or lungs. Three patients had prior treatment with topical
rapamycin, while four underwent laser or surgical pre-treatment. How-
ever, these patients always met the inclusion/exclusion criteria. Two pa-
tients also presented atopic dermatitis as a dermatological pathology
(Table 1). Baseline FASI and IGA scores can be seen in Table 2.

Eight patients completed 24 weeks of treatment, and 3 did not. Two
due to drug-related AEs (patient 01 and patient 07) and one due to
patient's refusal to treatment continuation (patient 08). Consequently,
effectiveness and safety were evaluated in all patients except patient 08.

Evaluation of effectiveness
Objective evaluation by investigator (OEI)

Eight of eleven (73%) patients obtained successful treatment accord-
ing to FASI and IGA scores after 24 weeks of treatment (Table 2). All

Table 1
Patient characteristics at baseline (n=11).

Characteristic Value, n (%) or mean (SD)

Gender (female) 8(73)
Age (years) 36.5 (18.6)
Ethnicity
Caucasian 8 (73)
Hispanic or latino 2(18)
Not hispanic or latino 1(9)
Unknown or not reported 0(0)
Hamarthromas in different locations 4 (36)
Pre-treated with topical rapamycin 3(27)
Pre-treated with laser or surgery 4 (36)
Other dermatological pathologies 2 (18)

patients decreased or maintained their FASI and IGA scores after treat-
ment. The final evaluation of effectiveness for patients 01 and 07 oc-
curred at Vx (prior to week 24 of treatment). Table 2 displays the
median values and IQR for the FASI score, including its subcategories
(erythema, size, and extension), as well as the IGA score before and
after treatment. The Fig. 2 corresponds to the box plots showing the dis-
tribution of FASI and IGA scores before and after treatment. The central
line represents the median, the box spans the IQR, and outliers are
depicted as individual data points.

After 12 weeks of treatment, 6/11 patients (55%) achieved successful
treatment according to the FASI score. In contrast, based on the IGA
score, successful treatment was observed in 7 patients (64%) (Table 2).

The time to treatment success, measured in weeks of treatment ac-
cording to the FASI score, was 12 weeks for 6 patients and 24 weeks
for 2 patients. Likewise, according to the IGA score, treatment success
occurred at 12 weeks for 7 patients and at 24 weeks for 1 patient
(Table 2).

Subjective evaluation by investigator (SEI)
SIS of FA after treatment was minimal for 2/11 (18%) patients, good
for another 2 patients and excellent for 6/11 (55%) patients (Table 2).
SIS of FA after 12 weeks of treatment was good for 8/11 (73%) pa-
tients (Table 2). Representative photographs of 2 patients are presented
in Annex 4, with an excellent SIS after treatment.

Quality of life

Five of eleven (45%) patients improve their quality of life according
to a decrease in score on DLQI questionnaire after treatment.

Median values and IQR for the DLQI questionnaire before and after
treatment are shown in Table 2. Fig. 2 corresponds to the box plot show-
ing the distribution of DLQI scores before and after treatment.

Four of eleven (36%) patients improve their quality of life according
to a decrease in score on DLQI questionnaire after 12 weeks of
treatment.

Evaluation of safety

Adverse events (AEs)

No serious adverse events were reported during the treatment or
follow-up period. Five of eleven (45%) patients reported an adverse
event during the treatment phase. The most common adverse reaction
was mild pruritus (5/11, 45%) in the administration area that stopped
in all cases after 5-10 min of exposure to the formulation. Two of eleven
(18%) patients communicated dry skin and 2 other patients reported a
feeling of tightness. Of note, 2 patients informed of erythema, leading
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Table 2
Evaluation of effectiveness.
OEI SEI Quality of life

Patient FASIV, FASI V, FASI V3 IGAV, IGAV, IGA V3 SIS V, SIS V3 DLQI Vo DLQI V, DLQI V3
SIRO-01 7 - 7" 4 - 4 - Minimal" 4 - 9"
SIRO-02 5 3 3 2 1 1 Good Good 2 1 1
SIRO-03 7 5 4 3 2 1 Good Excellent 1 1 5
SIRO-04 5 4 3 2 2 1 Good Good 0 3 2
SIRO-05 8 6 5 4 3 2 Good Excellent 5 2 0
SIRO-06 7 6 4 4 3 1 Good Excellent 3 4 1
SIRO-07 5 - 5" 3 - 3" - Minimal” 0 - 2"
SIRO-08 6 - - 3 - - - - 1 - -
SIRO-09 6 4 3 3 2 1 Good Excellent 12 1 1
SIRO-10 6 4 3 3 2 1 Good Excellent 0 0 0
SIRO-11 6 4 3 3 2 1 Good Excellent 7 1 0
Wilcoxon signed-rank test for paired samples, n=11. Median (interquartile range, IQR).

Vo V3 p value
FASI 6.0 (2.0) 3.5 (2.0) 0063
Erythema 2.0 (0.0) 1.0 (1.0) 0069
Size 2.0 (0.0) 1.0 (1.0) 0253
Extension 2.0 (1.0) 2.0 (0.0) 1573
IGA 3.0 (1.0) 1.0 (1.0) 0068
DLQI 2.0 (5.0) 1.0 (2.0) 5733

OEIL objective evaluation by investigator.
FASI: facial angiofibromas severity index.
IGA: investigator's global assessment.
SEI: subjective evaluation by investigator.
SIS: subjective improvement score.

DLQI: dermatology life quality index.

* Assessments in VX.
** Statistically significance.

to premature discontinuation of treatment before V5. All adverse reac-
tions disappeared when treatment was stopped, as this was confirmed
during the P4 visit.

Hematology

All hematological tests were normal for all patients. There were no
significant changes in white blood cell, red blood cell, or platelet counts.
All analytical values fell within the normal range.

Pharmacokinetics
All plasma rapamycin levels were undetectable for all patients, being
below the detection limit of the technique (<0.3 ng/mL).

Discussion
All patients who completed 24 weeks of treatment obtained success-

ful treatment, according to FASI and IGA scores (8/11, 73%). Specifically,
FASI score to measure effectiveness is a simple, reproducible, and

validated tool for assessing the severity of FA and subsequent response
to rapamycin treatment. As demonstrated, this scale provides a more
objective assessment, evaluating erythema, size, and extension of
FA?0, Statistical analysis demonstrated a significant difference (p<.05)
between FASI score, erythema, FA size, and IGA score before and after
treatment with rapamycin liposomal formulation. The non-parametric
tests did not show significant differences regarding the extension of
FA (Table 2).

Patients who completed 24 weeks of treatment considerably im-
proved the appearance of their FA in subjective evaluation. Particularly,
6/11 (55%) patients obtained excellent improvement of their injuries.
Regarding Annex 4, FA in both patients decreased in erythema, size,
and extension, achieving considerable flattening of the lesions.

Patient satisfaction also represent a relevant aspect in our study,
with an improvement in quality of life in 5/11 (45%) patients after treat-
ment. Nevertheless, significant differences regarding the DLQI scores
were not observed in the non-parametric tests (Table 2). FA appeared
between 2 and 5 years of age and grow in number and size, stabilizing

10

[E==3 rasivo FASIV3

| 1eA vo

IGA V3 [ oLarvo pLaiva|

Fig. 2. Box plots of FASI, IGA, and DLQI scores before and after treatment, n=11. FASI: facial angiofibromas severity index. IGA: investigator's global assessment. DLQI: dermatology life

quality index.
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in adolescence?!. The visual impact of facial injuries implies a self-image
issue®> especially in young patients, and sometimes dermatological
treatment is not prioritized because there are other more serious com-
plications associated with this rare disease. It has been observed that
there is a greater angiogenic component at very early ages, while in el-
derly patients, fibromatous lesions tend to predominate. The exclusion
criteria related to age are based on these observations and align with
the criteria established by other similar clinical studies, including ran-
domized clinical trials.

Overall, the new formulation was well tolerated, with mild adverse
events reported that resolved upon completion of treatment. Two
patients experienced moderate erythema, prompting early treatment
discontinuation. Notably, both patients had a history of atopic dermati-
tis. Hematological and pharmacokinetic tests confirmed the lack of sys-
temic absorption of rapamycin after topical administration, further
enhancing the drug's safety profile.

Comparing our findings with existing studies proves difficult due to
substantial variability in assessing effectiveness. Evaluation methods
range from validated scales to subjective researcher opinions. Of the 5
randomized clinical trials found in the literature, only 2 studies evaluate
effectiveness according to standardized objective scales.'>!® All patients
treated with sirolimus showed statistically significant improvement ac-
cording to FASI and IGA scores compared to placebo. In our study, all pa-
tients who completed the 24-week treatment period achieved favorable
effectiveness outcomes and the results align with previously published
studies. Adverse reactions were consistent with literature and prior
experiences, with no reported serious adverse events.

Greater long-term follow-up of liposomal rapamycin treatment
would be appropriate to ensure effectiveness and safety. However, it
should be noted that patients are not treated continuously, but rest dur-
ing the summer months, to minimize or prevent the adverse events
derived from rapamycin phototoxicity.

In any case, liposomes provide several advantages that allow a sub-
stantial improvement in the treatment of FA. This innovative formula ex-
hibits superior organoleptic characteristics, appearance, and
extensibility. Moreover, the sensation after application is more comfort-
able compared to vaseline''8, Additionally, it can be more easily re-
moved with water and neutral soap than other formulations due to its
lightweight nature, thus preventing the patient from irritating the facial
skin during the washing process. All these benefits contribute to enhanc-
ing treatment compliance and patient satisfaction with topical therapy.

On the other hand, liposomes have been demonstrated to serve as
carriers for molecules in chemotherapy and immunosuppressive
treatments®>23, Specifically, liposome-encapsulated rapamycin can
reach the drug's site of action more quickly with a better release profile,
providing an increased bioavailability of rapamycin and improving the
penetration of the active substance!”. These results underscore the im-
portance of focusing on the optimization of formulations and the incor-
poration of new drug delivery systems in magistral formulation within
hospital pharmacy services. Our work is an example of this approach.
Drug development in hospital pharmacy services is often the only phar-
macological alternative available to treat the symptoms of rare diseases,
when treatment options are limited or inadequate.

In these rare diseases, pharmacy services are key elements in the
pharmacotherapeutic process. In collaboration with dermatologists,
hospital pharmacists can conduct a clinical follow-up of patients, con-
tributing to improve effectiveness and minimize adverse reactions>.
Pharmaceutical care demonstrates special relevance in the processes
of formulation, dispensing, administration, and follow-up, promoting
the correct supervision of these patients and greater integration of hos-
pital pharmacists into the multidisciplinary team.

After galenic improvements and clinical evaluations, the rapamycin
liposomal formulation proved to be effective and safe for the treatment
of FA in rare TS disease. This innovative formulation was included as a
magistral formula in the pharmacy service of the Doctor Peset Univer-
sity Hospital, now accessible for prescribing by dermatologists.

Farmacia Hospitalaria xxx (xxxx) 1-10

The limited number of participants in this observational study
could impact the reliability and applicability of the study's results.
The initial sample size was not calculated due to it being a rare dis-
ease, and patient recruitment proceeded through casual or inciden-
tal sampling, as cases occurred and were referred by dermatologists.
The methodology used and the statistical tests applied have taken
into consideration the sample size (n<30). However, it should be
noted that TS is a rare disease that affects a minority of the popula-
tion (fewer than 1 in 2000 people) and therefore recruiting patients
is a more arduous and difficult task.

Impact statements

* This observational study proves the effectiveness and safety of a new
rapamycin liposomal formulation for the treatment of facial
angiofibromas in rare tuberous sclerosis disease.

This innovative formula allows a substantial benefit for patients. Its
organoleptic characteristics contribute to improve treatment compli-
ance and patient satisfaction with topical rapamycin.
Liposome-encapsulated rapamycin can reach the drug's site of action
more quickly with a better release profile, improving the penetration
of the active substance.

This research provides new clinical data allowing support in therapeu-
tic decisions for other authors, pharmacists, and dermatologists.

Ethics approval

This study was evaluated and approved by the Clinical Research
Ethics Committee of Doctor Peset University Hospital (Registration
number: 16.102 on 6 May 2021, in Valencia, Spain).

All tests and procedures of the study were performed in accordance
with the Declaration of Helsinki for medical research involving human
subjects, including research on identifiable human material and data
(Helsinki, 1964).
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trabajo en la revista Farmacia Hospitalaria.

Titulo: Innovacién terapéutica en farmacia hospitalaria: efectividad
y seguridad de una nueva formulacion liposomal de sirélimus para el
tratamiento de los angiofibromas faciales asociados a esclerosis tuberosa.

Actualmente este manuscrito no se encuentra bajo consideracién o
revisién por ninguna otra revista. Todos los autores son conscientes y
han aprobado el envio del articulo a la revista Farmacia Hospitalaria,
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las instrucciones para el envio de manuscritos y las responsabilidades
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originales, pero por la relevancia de los datos no hemos podido
sintetizar estos anexos en un ndmero menor. Deseamos que este
aspecto no sea un inconveniente y aceptamos sugerencias y/o
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El presente trabajo trata de un estudio observacional, prospectivo
y multicéntrico sobre la evaluacién de la efectividad y la seguridad de
una nueva formulacién liposomal para el tratamiento de los
angiofibromas faciales en esclerosis tuberosa. Los autores centran
sus conclusiones en el campo de la farmacia hospitalaria, la atencién
farmacéutica y la dermatologia clinica, aportando esta investigacién
nuevos datos para la toma de decisiones terapéuticas de otros
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estudio en futuras revisiones sistematicas y evitando asi la limitacién
del idioma.
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Como farmacéuticas especialistas en Farmacia Hospitalaria y
facultativas especialistas en Dermatologia, nos complace aportar valor
al campo de la farmacia hospitalaria y la dermatologia clinica
compartiendo los resultados de nuestra investigacién con la comunidad
académica y profesional en general.

Los autores somos conscientes del tiempo necesario para un proceso
de revisién adecuado y riguroso, pero declaramos la necesidad de un
proceso rapido de publicacién por la especial actualidad de la
investigacién. Asimismo, la autora principal para la correspondencia,
se encuentra en la fase final de su Tesis Doctoral y este Gltimo
manuscrito es la publicacién necesaria para completar el proceso
debidamente por compendio de publicaciones.

Por altimo, hemos de destacar que los resultados preliminares del
actual trabajo se expusieron en el 68 Congreso de la SEFH como
presentacion oral quedando seleccionada como una de las ocho mejores
comunicaciones cientificas.

Quedamos a vuestra disposicién para cualquier duda o aclaracion.

Muchas gracias por considerar nuestro manuscrito como posible
publicacién en la revista Farmacia Hospitalaria.
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Study phases
Assesment Screening Treatment Follow-up
IC Screening Vo P, V, V3 Py
Baseline 2 weeks 12 weeks 24 weeks 4 weeks after final dose
Tolerance —14 days to day 0 NA 45 days +5 days 45 days +5 days
Informed consent X
Inclusion/exclusion criteria X
Demographic data X
Medical history X X X
Concomitant medications X X X
Drug administration X
OEI (FASI, IGA) X X X
SEI (Photographs, SIS) X X X
DLQI X X X
Hema X X X
PK X X
AEs X X

Description of procedures.

Vo, V; and V3: on-site visits.

P; and P,4: phone visits.

NA: not applicable.

OEIL objective evaluation by investigator.

FASI: facial angiofibromas severity index.

IGA: investigator's global assessment.

SEI: subjective evaluation by investigator.

SIS: subjective improvement score.

DLQI: dermatology life quality index.

Hema: hematology tests. White blood cell, red blood cell, and platelet counts.
PK: pharmacokinetics. Plasma rapamycin levels.
AEs: adverse events.
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Appendix B. FASI and IGA scores

Farmacia Hospitalaria xxx (xxxx) 1-10

FASI score

Erythema

Skin color = 0 Light red = 1 Red =2 Dark red/purple = 3

Size FASI score
Small (<5 mm) =1 Large (>5 mm) = 2 Confluent = 3 Mild: <5
Extension Moderate: 6-7
<50% cheek surface = 2 >50% cheek surface = 3 Severe: >8
IGA score

grade Short description Detailed description

0 Clear No signs of facial angiofibroma

1 Almost Clear Small lesions (<2 mm), normal to pink coloration

2 Mild Predominantly small lesions (2-4 mm), pink to light red

3 Moderate Coloration

4 Severe Predominantly large lesions (4-6 mm), dull to bright red coloration

Large (>6 mm) or confluent lesions of dark red/purple coloration

FASI: facial angiofibromas severity index.
IGA: investigator's global assessment.

Appendix C. DLQI questionnaire

Dermatology life quality index (DLQI)

1. During the last month, have you experienced itching, inflammation,
pain, or stinging on your skin?
a. Very much
b. Alot
c. Alittle
d. Not atall

2. During the last month, have you felt uncomfortable or self-
conscious because of your skin problems?

a. Very much

b. Alot

c. Alittle

d. Not at all

3. During the last month, have your skin problems interfered with
your shopping or household activities?
a. Very much
b. Alot
c. Alittle
d. Not atall

4. Over the past month, have your skin problems influenced the
clothes/makeup/hair style you wore?

a. Very much

b. Alot

c. Alittle

d. Not atall

5. During the last month, have your skin problems affected any social
or leisure activities?
a. Very much
b. Alot
c. Alittle
d. Not at all

6. During the last month, has it been difficult for you to play a sport be-
cause of your skin problems?

a. Very much
b. Alot

c. Alittle

d. Not at all

7. During the last month, have your skin problems prevented you
from working or studying?

a. Very much

b. Alot

c. Alittle

d. Not atall

8. During the last month, has your skin caused you problems with
your partner or a close friend or relative?
a. Very much
b. Alot
c. Alittle
d. Not at all

9. During the last month, have your skin problems made your sex life
difficult?
a. Very much
b. Alot
c. Alittle
d. Not atall

10. During the last month, has treating your skin been a problem for

you, for example because it has made the house dirty or taken up
your time?

a. Very much

b. Alot

c. Alittle

d. Not atall

DLQI score
a. 3 points
b. 2 points
c. 1 point
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d. 0 points
Maximum score = 30 points
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Appendix D. Subjective evaluation by investigator (SEI) before (1, 3) and after treatment (2, 4)
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