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RESUMEN EN ESPAÑOL 

 

A pesar de los importantes avances realizados en las últimas décadas, el cáncer 

continúa siendo una de las principales causas de muerte a nivel mundial. En 

este contexto, uno de los principales retos es el tratamiento del cáncer 

metastásico, que actualmente se sigue considerando una enfermedad incurable 

en la que la terapia sistémica tiene un papel protagonista, pero paliativo. 

Además, existen tipos tumorales como el cáncer de pulmón no microcítico o el 

melanoma en los que las quimioterapias tradicionales no han sido útiles para 

controlar la enfermedad de manera efectiva, resultando en cifras de 

supervivencia extremadamente bajas.  

Afortunadamente, en la última década se ha producido un cambio de paradigma 

en el tratamiento del cáncer metastásico con la aparición de dos terapias 

diferentes pero complementarias: la radioterapia estereotáxica ablativa (SABR 

o SBRT, en sus siglas en inglés) y la inmunoterapia basada en inhibidores de 

puntos de control inmune (ICI).  

 

Radioterapia estereotáxica ablativa 

La radioterapia es una de las modalidades más ampliamente utilizadas en el 

tratamiento del cáncer. Ideada hace más de 100 años, consiste en la 

administración de radiación ionizante de manera localizada sobre el tumor con 

el objetivo de dañar el ADN de las células cancerosas provocando su 

destrucción. Este enfoque localizado y no invasivo en lo que respecta a su 

modalidad más extendida (la conocida como radioterapia externa) ha tenido 

que ir necesariamente acompañado de un desarrollo tecnológico muy 

pronunciado. Esto ha convertido a la radioterapia moderna en un tratamiento 

altamente especializado, preciso, hecho a la medida de cada paciente y con un 

perfil de efectos secundarios muy reducido respecto a otras terapias. La 

máxima expresión de esta especialización en el campo de la Oncología 

Radioterápica es la SABR o SBRT, en la que se aprovechan las ventajas en cuanto 

a control local del hipofraccionamiento extremo junto con una precisión 

milimétrica en la administración del tratamiento. Estas dos características han 

convertido a la SABR en una opción curativa equivalente a la cirugía en tumores 
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como el cáncer de pulmón localizado, pero también en una opción en un 

novedoso e intrigante campo como es el de la enfermedad oligometastásica. 

 

Enfermedad oligometastásica 

El concepto de oligometástasis surge en los años 90 como un estado intermedio 

entre la enfermedad localizada y diseminada y, por tanto, potencialmente 

curable con tratamientos sistémicos y/o ablativos locales. Con el desarrollo de 

la SABR en el siglo XXI, esta definición vuelve a generar interés dado que 

empieza a ser factible tratar a pacientes metastásicos de forma ablativa sin 

causar efectos secundarios graves ni interrupciones del tratamiento sistémico. 

Aunque, al tratarse de un concepto novedoso, no existe aún una evidencia clara 

acerca de dónde se debe establecer el límite de una enfermedad 

oligometastásica, los consensos más recientes de las principales sociedades 

científicas establecen un máximo de cinco lesiones en un máximo de tres 

órganos, independientemente del tumor primario, basándose en la mejor 

evidencia disponible hasta la fecha. Adicionalmente, el término oligometástasis 

ha ido ampliándose recientemente para distinguir situaciones clínicas 

diferenciales que podrían beneficiarse de añadir un tratamiento local. De esta 

manera, y en oposición al concepto clásico de oligometástasis sincrónica o de 

novo, surgen conceptos como oligorrecurrencia, oligopersistencia y 

oligoprogresión. Aunque todos están siendo objeto de ensayos clínicos, la 

situación de oligoprogresión es aún más novedosa y plantea una hipótesis 

disruptiva: ¿puede la SABR ayudar al tratamiento sistémico a que resulte más 

efectivo? Por definición, una enfermedad oligoprogresiva es aquella en la que, 

durante un tratamiento sistémico activo, el paciente experimenta una 

progresión limitada (entre 1 y 5 lesiones) sin repercusión clínica que, de manera 

estándar, obligaría a suspender el tratamiento e iniciar una nueva línea. Esto 

puede suponer un perjuicio importante para el paciente al tener que cambiar 

a un tratamiento que probablemente resultará más tóxico y de efectividad 

limitada. Es por ello que alargar el beneficio clínico del tratamiento sistémico 

es fundamental para intentar cronificar la enfermedad metastásica durante el 

mayor tiempo posible. Este enfoque de tratar de forma ablativa una clona 

tumoral resistente ya ha sido testado en ensayos clínicos de SABR y terapias 
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dirigidas para el cáncer de pulmón no microcítico en situación de 

oligoprogresión, con resultados favorables para la combinación. En el caso de 

la suma de SABR e inmunoterapia, las potenciales sinergias inmunogénicas entre 

las dos terapias la convierten en una modalidad de especial interés. 

A pesar de que tradicionalmente se ha considerado la radioterapia como un 

tratamiento únicamente local, existen evidencias de un efecto sistémico 

adicional desde hace décadas. En los años 50, se acuñó el término “efecto 

abscopal” para definir una situación clínica en la que un paciente metastásico 

experimenta una regresión de un tumor no radiado después de recibir 

radioterapia sobre una lesión a distancia. Este intrigante fenómeno, a pesar de 

su impacto, era particularmente poco frecuente hasta hace una década. Sin 

embargo, estudios preclínicos durante décadas acabaron llegando a la 

conclusión de que este efecto está mediado por la inmunidad, hasta el punto 

de que existen modelos murinos en los que es posible desencadenar un efecto 

abscopal de manera reproducible. Sin embargo, este hallazgo en humanos 

continuó siendo extremadamente raro hasta la aparición de los ICI. 

 

Inmunoterapia 

Los ICI son un tipo de inmunoterapia que “levanta el freno del sistema inmune”. 

Para progresar en el organismo, las células tumorales son capaces de 

aprovechar los mecanismos fisiológicos de tolerancia inmune para evadir a los 

linfocitos T. Estos puntos de control inmunitarios (PD-1/PD-L1, CTLA-4) son 

bloqueados por estos fármacos inmunoterápicos, de forma que se interrumpe 

la interacción inhibitoria, favoreciendo así el efecto citotóxico de los linfocitos. 

Los ICI se han convertido en el tratamiento de elección en varios tipos de cáncer 

metastásico, logrando respuestas duraderas nunca vistas anteriormente en 

muchos tipos tumorales. Sin embargo, existen aún importantes retos por 

resolver. De entrada, los ICI en monoterapia son inefectivos en hasta el 80% de 

los pacientes. Además, incluso los pacientes que inicialmente responden 

pueden desarrollar resistencias secundarias a lo largo del tratamiento. En 

muchos casos, una vez agotada la opción de la inmunoterapia, las líneas 

sucesivas son las mismas quimioterapias que tan pobres resultados han ofrecido 

tradicionalmente. Es por esto que, en el caso de los ICI, es especialmente 
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importante tratar de mejorar la respuesta sistémica para alargar el beneficio 

clínico el mayor tiempo posible. Para ello, están surgiendo múltiples 

combinaciones con inmunoterapia, siendo la adición de SABR una opción 

particularmente interesante.  

 

Combinación de SABR e inmunoterapia 

La radioterapia, especialmente en forma de SABR, es capaz de producir una 

muerte celular inmunogénica en el tumor radiado, lo cual provoca 

reclutamiento de células inmunitarias al microambiente tumoral y facilita la 

presentación antigénica, estimulando de esta manera la activación de linfocitos 

T citotóxicos. Este efecto inmunomodulador posee sinergias con el mecanismo 

de acción de los ICI. Esto se ha evidenciado tanto a nivel preclínico como en 

recientes estudios clínicos que han mostrado mejores tasas de respuesta con la 

combinación que con inmunoterapia en exclusiva. En el escenario de la 

oligoprogresión, la posibilidad de reactivar sistema inmune con SABR puede 

extender el beneficio de los ICI a través de este efecto abscopal y, en el mejor 

de los casos, lograr respuestas completas duraderas. Sin embargo, la evidencia 

inicial muestra todavía resultados contradictorios, e incluso en las series más 

favorables, no todos los pacientes se benefician de esta combinación.  

En este sentido, es fundamental seleccionar qué pacientes se pueden beneficiar 

en mayor medida de este abordaje. No sólo en cuanto a sus variables clínicas, 

sino también moleculares, con el objetivo de alcanzar una Oncología 

verdaderamente personalizada. Con este fin, en tiempos recientes se está 

impulsando el uso de biopsia líquida de muestras biológicas para analizar 

posibles biomarcadores pronósticos y predictivos, dada la mayor facilidad en la 

obtención en comparación con la biopsia de tejido sólido, especialmente 

cuando se pretende recoger múltiples muestras a lo largo del tiempo. El análisis 

de diferentes parámetros genéticos, epigenéticos y celulares puede ser clave 

para la identificación de los mejores candidatos para esta combinación y para 

lograr una mejor caracterización del efecto abscopal en humanos.  
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Objetivos 

El objetivo principal de esta tesis doctoral es describir y contribuir al 

conocimiento clínico y molecular de la combinación de inmunoterapia basada 

en ICI y SABR en el escenario de la enfermedad oligoprogresiva. 

 

Este objetivo primario se desarrolla a través de tres objetivos específicos: 

o Analizar el estado del arte del tratamiento del paciente metastásico en 

oligoprogresión y la utilidad de la SABR al combinarla con diferentes tipos 

de tratamiento sistémico, con un enfoque particular en las sinergias con 

la inmunoterapia en cáncer de pulmón no microcítico. 

o Estudiar el beneficio clínico de la combinación de inmunoterapia y SABR 

en pacientes oligoprogresivos a través de un estudio prospectivo en el 

que se analizan variables como la tasa de respuesta objetiva, 

supervivencia libre de progresión, supervivencia global y toxicidad.  

o Identificar biomarcadores de respuesta y/o resistencia a la combinación 

de inmunoterapia y SABR en oligoprogresión a través de muestras de 

sangre para biopsia líquida. 

 

Publicaciones y resultados 

Cada uno de estos tres objetivos específicos está representado por una 

publicación científica. Es por este motivo que la presente tesis se presenta en 

modalidad de “compendio de publicaciones”. Esto es un reflejo del enfoque 

esencialmente práctico de los estudios que han formado parte del doctorado. 

Más allá de los aspectos de investigación, este proyecto se ha planteado desde 

su concepción con un objetivo clínico claro: tratar de buscar el beneficio clínico 

de los pacientes a través de una técnica de radioterapia de vanguardia y 

altamente especializada. Adicionalmente, y una vez establecido el aporte 

relevante de esta técnica oncológica, se ha planteado cómo optimizar la 

selección de pacientes a través del análisis en biopsia líquida de biomarcadores 

potencialmente relevantes para la predicción y monitorización de la respuesta. 

Por todo ello, la tesis se compone de tres publicaciones interrelacionadas y que 

son consecuencia del conocimiento adquirido en cada una de las mismas.  
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En primer lugar, se presenta un capítulo de libro que supone una extensa 

revisión del concepto de oligoprogresión metastásica, la utilidad de la SABR en 

este contexto, las potenciales sinergias con diferentes tipos de tratamiento 

sistémico y la evidencia disponible que justifica su utilización en cáncer de 

pulmón no microcítico. En este sentido, destaca la combinación de SABR con 

inmunoterapia debido a las características particulares de estos dos 

tratamientos y su relación con el efecto abscopal. 

 

Como continuación de esta publicación, se describe un estudio clínico original 

realizado por el doctorando en colaboración con sus directores de tesis que 

incluye 50 pacientes con cáncer de pulmón no microcítico o melanoma 

metastásico tratados con la combinación de SABR e inmunoterapia tras 

experimentar una oligoprogresión. Tras una mediana de seguimiento de 33 

meses, se obtuvo una tasa de respuesta objetiva del 42%, así como una mediana 

de supervivencia libre de progresión de 14,2 meses. Este último dato refleja la 

extensión del beneficio clínico con inmunoterapia que se puede alcanzar con 

dicha combinación. Hay que destacar que en esta cohorte hubo un grupo de 

pacientes largos supervivientes que mantuvieron una respuesta completa tras 

la SABR e incluso finalizaron la inmunoterapia, sin objetivar evidencia de 

enfermedad tras varios años. Por el contrario, otros pacientes no lograron 

beneficiarse de la combinación, por lo que progresaron rápidamente. Ante esta 

situación, no encontramos variables clínicas relevantes que permitieran 

identificar un perfil de paciente que se beneficia en mayor medida de la adición 

de SABR tras una oligoprogresión a inmunoterapia. Sin embargo, sí que 

encontramos que los pacientes que presentaron efecto abscopal según nuestros 

criterios clínicos tenían una mediana de supervivencia libre de progresión 

significativamente más alta que aquellos que no. Esto sugiere la existencia de 

este efecto abscopal inmunomediado que pueda estar determinando la 

respuesta clínica global en los pacientes.  

 

Finalmente, como respuesta a estos interrogantes, surge el estudio en el que 

se basa la última publicación de esta tesis. Con un protocolo clínico similar al 

del anterior trabajo, realizamos un tratamiento de SABR e inmunoterapia en 
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pacientes con oligoprogresión (en este caso, con cualquier histología tumoral) 

y, en esta ocasión, añadimos el análisis de biomarcadores a través de biopsia 

líquida en muestras de sangre extraídas antes, durante y después de la SABR. 

Adicionalmente, y para estudiar fenómenos específicos de la SABR y de la 

combinación, incluimos una segunda cohorte de pacientes con oligometástasis 

de novo u oligorrecurrencia que reciben sólo SABR. La publicación contenida en 

esta tesis incluye los resultados preliminares a nivel de ADN libre circulante, 

células sanguíneas periféricas circulantes y vesículas extracelulares en los 

primeros pacientes reclutados. Aunque este estudio continúa reclutando 

pacientes, estos primeros datos suponen una primera orientación en torno a 

marcadores novedosos y no previamente descritos que pueden servir como 

predictores y/o pronosticadores en este contexto clínico. 

 

Discusión 

La revisión en torno al estado del arte del uso de SABR en pacientes en 

oligoprogresión evidencia que este tipo de radioterapia puede lograr una 

mejora en las tasas de respuesta ante una situación de resistencia limitada a 

diferentes tratamientos sistémicos: quimioterapia, terapias dirigidas e 

inmunoterapia. Los primeros estudios en este sentido sugieren adicionalmente 

un posible beneficio en supervivencia al alargar el beneficio clínico de los 

tratamientos sistémicos evitando o retrasando el cambio de línea. Todo esto 

manteniendo un perfil excelente perfil de seguridad en la mayoría de contextos 

clínicos y agentes sistémicos. Es por ello que las indicaciones de SABR ante estos 

escenarios están aumentando en los últimos años. La utilización de SABR sobre 

lesiones con una progresión limitada durante un tratamiento con terapia anti-

EGFR ha demostrado su beneficio clínico en estudios fase II. En el caso de la 

inmunoterapia, los ensayos clínicos todavía se encuentran en fases más 

iniciales, aunque desde la publicación reciente del estudio CURB ya contamos 

con evidencia de un estudio aleatorizado. A pesar de esto, el interés por 

combinar radioterapia e inmunoterapia está creciendo exponencialmente dados 

los descubrimientos relevantes que se han ido produciendo en torno al efecto 

inmunogénico de la radioterapia a nivel preclínico, así como las primeras 
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evidencias clínicas de este efecto abscopal en pacientes tratados con 

inmunoterapia.  

Aunque existen publicaciones acerca de la combinación prácticamente desde 

la aparición de los primeros agentes inmunoterápicos, en el momento de iniciar 

esta tesis doctoral las investigaciones en el escenario de oligoprogresión eran 

extremadamente escasas. La segunda publicación de este compendio surge con 

el objetivo de responder, a un nivel clínico prospectivo, a la cuestión de si la 

SABR puede contribuir a los resultados de pacientes en oligoprogresión a 

inmunoterapia que mantienen beneficio clínico a la misma y son candidatos a 

un tratamiento con radioterapia paliativa. En este estudio, incluimos a 50 

pacientes metastásicos y en oligoprogresión a anti-PD-1 con cáncer de pulmón 

no microcítico o melanoma (en ese momento, las dos principales patologías con 

indicación de inmunoterapia). Al cierre del seguimiento, observamos una tasa 

de respuesta objetiva del 42% y una mediana de supervivencia libre de 

progresión de 14,2 meses. Esto denota una extensión del beneficio clínico de la 

inmunoterapia que permite mantener el mismo agente durante más tiempo. En 

estos tipos tumorales, es un hallazgo fundamental, dado que las líneas sucesivas 

suelen basarse en quimioterapias tradicionales que aportan un beneficio mucho 

más limitado y con una mayor probabilidad de efectos secundarios graves. 

Además, al tratarse de un estudio iniciado en 2017, la inmunoterapia era la 

segunda o incluso tercera línea de tratamiento en un porcentaje considerable 

de los pacientes, lo cual acentuaba aún más la importancia de mantener el 

mismo agente sistémico durante el mayor tiempo posible. A pesar de estos 

buenos resultados a nivel estadístico, lo cierto es que no todos los pacientes 

obtuvieron el mismo beneficio. En el extremo más favorable, un subgrupo de 

pacientes alcanzó una respuesta completa tras añadir la SABR, obteniendo un 

beneficio clínico extendido que incluso permitió la finalización de la 

inmunoterapia al permanecer sin evidencia de enfermedad durante varios años. 

Por el contrario, otros pacientes progresaron rápidamente a pesar del 

tratamiento radioterápico. El análisis de las variables clínicas del estudio no 

nos permitió extraer elementos muy concluyentes a este respecto. Sí es cierto 

que identificamos que los pacientes que presentaban un efecto abscopal 

(evaluado mediante los criterios clínicos descritos en el cuerpo del artículo) 
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conseguían una mediana de supervivencia libre de progresión 

significativamente mayor que aquellos pacientes que no lograban esta 

respuesta a distancia (21 vs 3 meses). Esto sugiere la participación de un efecto 

inmunoestimulador global que puede revertir la resistencia a la inmunoterapia 

y no únicamente conseguir un efecto citotóxico local sobre las lesiones 

radiadas.  

Para intentar responder a algunas de estas incógnitas, diseñamos un nuevo 

estudio traslacional con el objetivo de medir biomarcadores en biopsia líquida 

de muestras sanguíneas obtenidas a lo largo del tiempo en pacientes 

metastásicos tratados con SABR (T1 basal, T2 tras la primera fracción, T3 tras 

la última fracción, T4 dos meses post-SABR y TP ante nueva progresión). La 

tercera y última publicación de esta tesis doctoral describe los primeros 

resultados disponibles de dicho estudio. En este caso, se incluyen dos cohortes 

de pacientes: la cohorte A comprende pacientes tratados con inmunoterapia en 

oligoprogresión a la misma, pero manteniendo la línea sistémica por beneficio 

clínico, mientras que la cohorte B es un grupo comparativo de pacientes 

tratados exclusivamente con SABR en el contexto de oligometástasis sincrónica 

u oligorrecurrencia. A nivel clínico, el artículo describe los resultados 

preliminares de los 27 primeros pacientes analizados (19 de la cohorte A y 8 de 

la B), en su mayor parte varones con cáncer de pulmón no microcítico y tratados 

sobre una única lesión frecuentemente de localización en pulmones o ganglios 

linfáticos. Con una mediana de seguimiento de seis meses, la última ORR 

evaluada fue de un 63% sumando ambas cohortes, incluyendo un 26% de 

respuestas completas. Se trata de una cifra elevada en comparación con otros 

estudios (y con nuestro anterior trabajo), aunque hay que matizar que se trata 

de pacientes con un seguimiento aún corto. A nivel traslacional, analizamos las 

células sanguíneas circulantes periféricas y el ADN libre circulante por 

citometría de flujo, así como los ARN pequeños contenidos en vesículas 

extracelulares. La concentración de ADN libre circulante se redujo de forma 

significativa a lo largo del tratamiento con SABR (de T2 a T3) en pacientes 

respondedores. Datos similares han sido publicados con análisis de ADN tumoral 

circulante, pero este es un biomarcador más complejo y costoso de determinar. 

Nuestros resultados orientan a que el ADN libre circulante podría ser un 
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marcador precoz de respuesta que se encuentra más ampliamente disponible 

en nuestro medio y con un menor coste.  

Por otra parte, encontramos que los pacientes no respondedores tenían un 

menor porcentaje de células CD4+ y CD8+PDL1+, así como un mayor porcentaje 

de CD8+PD1+. Estos tres hallazgos han sido previamente descritos en la 

literatura y orientan hacia una activación inmune por la SABR. En cuanto a 

células B, los pacientes respondedores mostraron un menor porcentaje de 

CD19+ y un mayor porcentaje de CD20+, lo cual sugiere una participación de 

esta estirpe celular en la respuesta a ICI y SABR. 

Por último, el análisis de ARN pequeños de pacientes con cáncer de pulmón no 

microcítico en la cohorte A desveló una serie de marcadores que se encontraban 

diferencialmente expresados de forma significativa en T2 entre respondedores 

y no respondedores. Entre ellos, destacan RNU2-2P, un pseudogen que participa 

en la vía de TATA-box binding protein (TBP), TATA-box binding protein associated 

factor 5 (TAF5) y general transcription factor IIB (GTF2B), y que ha sido descrito 

anteriormente en cáncer; así como SNORD1B, que ha sido descrito previamente 

como infraexpresado en cáncer de pulmón no microcítico. Finalmente, el micro 

ARN hsa-miR-1-3p contribuye a la progresión del cáncer de pulmón no 

microcítico y se encontraba infraexpresado en pacientes respondedores. 

Ninguno de estos biomarcadores de ARN ha sido descritos previamente en la 

combinación de inmunoterapia con SABR, por lo que suponen un primer paso en 

este campo y potenciales parámetros de respuesta clínica si se confirman en 

análisis posteriores que incluyan un mayor número de pacientes y un 

seguimiento de mayor duración. 

 

Conclusiones 

En definitiva, esta tesis doctoral trata un tema de gran actualidad en el campo 

de la oncología a través de un enfoque multidisciplinar y vanguardista, 

integrando la información clínica y molecular de los pacientes para identificar 

biomarcadores predictivos y/o pronósticos que permitan optimizar la selección 

de los pacientes que más se benefician de la combinación de radioterapia con 

inmunoterapia. A través de los estudios incluidos en esta tesis, se ha 

identificado un contexto clínico de oligoprogresión en el que la radioterapia 
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estereotáxica puede tener un rol determinante, tal y como sugieren los 

resultados clínicos previamente discutidos. Sin embargo, existe una necesidad 

imperiosa de identificar factores moleculares que puedan determinar esta 

respuesta. En la tercera y última publicación de esta tesis, se muestran los 

primeros resultados de un nuevo estudio enfocado en este objetivo, 

desarrollando una serie de biomarcadores sanguíneos que parecen permitir 

separar a los pacientes entre buenos y malos respondedores a la combinación. 

Si estos resultados se confirman en el futuro, junto con el análisis de otros 

biomarcadores que se publicarán durante la duración de este estudio, 

estaremos más cerca de poder predecir la respuesta de un paciente al 

tratamiento radio-inmunoterápico a través de una muestra de sangre. En este 

sentido, la presente tesis sienta las bases de esta estrategia traslacional al 

mismo tiempo que abre nuevas preguntas en este campo de conocimiento que 

podrán ser objeto de futuras investigaciones.  
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ABSTRACT 

 

 

Introduction:  

Oligoprogressive disease is a distinct clinical entity that can benefit from the 

addition of stereotactic radiotherapy (SABR) to systemic therapy. When 

combined with immune checkpoint inhibitors (ICI), both therapies can act 

synergistically through a radiation-induced abscopal effect. However, the 

variables that drive this response in humans remain unclear, and there are no 

current biomarkers that can help to optimize patient selection for this 

approach. This thesis aims to describe the current knowledge on this 

combination and contribute to the evidence in this field through clinical studies 

on oligoprogression that include biomarker analysis in liquid biopsy. 

 

Methods:  

The thesis is presented as a compendium of publications. The first publication 

is an in-depth review on the combination of SABR with systemic therapy in 

metastatic oligoprogressive non-small cell lung cancer (NSCLC).  

The second publication is a prospective observational study testing the 

combination of SABR and ICI in oligoprogressive patients with NSCLC or 

melanoma. SABR is delivered concomitantly with ICI in 35 Gy in 5 fractions. The 

objective response rate (ORR) is evaluated two months post-SABR and 

subsequently every three months by RECIST criteria.  

The final publication presents a prospective clinical and translational study in 

two cohorts. Cohort A includes tumor-agnostic patients in oligoprogression to 

ICI receiving SABR in 35 Gy in 5 fractions. B is a comparative cohort of 

oligometastatic patients treated with only SABR in ablative doses. Blood 

samples are gathered before SABR (T1), after the first (T2) and last fractions 

(T3), two months post-SABR (T4) and at further progression (TP). We assess 

peripheral blood mononuclear cells (PBMCs), circulating cell-free DNA (cfDNA) 

and small RNA from extracellular vesicles. 
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Results:  

The review piece shows that SABR is safe and effective when combined with 

chemotherapy, targeted therapy, and ICI in oligoprogressive disease. The 

combination with ICI is especially promising given the immune implications of 

the abscopal effect.  

In the first prospective study, 50 patients were included. With a median follow-

up of 32.8 months, ORR was 42% (30% complete response and 12% partial 

response). Median progression-free survival (PFS) was 14.2 months (95% 

confidence interval, 6.9-29 months) and overall survival (OS) since SABR was 

37.4 months (95% confidence interval, 22.9 months-not reached).  

Finally, the translational study included the first 27 patients that could be 

analyzed (cohort A: n = 19; B: n = 8). With a median follow-up of 6 months, the 

last ORR was 63% (26% complete and 37% partial response). A decrease in cfDNA 

from T2 to T3 correlated with a good response. At T2, CD8+PD1+ and CD8+PDL1+ 

cells were increased in non-responders and responders, respectively. At T2, 27 

microRNAs were differentially expressed. These are potential biomarkers of 

response. 

 

Conclusions:  

SABR and ICI in metastatic oligoprogressive patients is a safe combination that 

improves ORR and extends the clinical benefit of ICI,delaying or avoiding a 

change in systemic therapy. It is of paramount importance to identify clinical 

and molecular variables that can help in patient selection for this combined 

approach. PMBCs, cfDNA and EVs are sources of potential biomarkers of early 

response in this setting. 
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CHAPTER I: INTRODUCTION 

 

 

1. The oligometastatic state 

 

The current state of metastatic cancer 

Over the last few decades, cancer survival and cures have progressively 

increased [1]. However, metastatic disease in particular remains a considerable 

challenge. Currently, it is considered an incurable disease in which systemic 

therapy is, albeit the primary treatment choice, merely a palliative approach 

[2]. Furthermore, certain tumor types such as metastatic non-small cell lung 

cancer (NSCLC) and melanoma are especially aggressive and unresponsive to 

traditional chemotherapies. For this reason, survival rates in patients with 

these tumors have remained extremely low for decades, with median overall 

survival (OS) of less than a year both in NSCLC and melanoma [3,4]. 

However, in the last decade there has been a true paradigm shift in the 

treatment of metastatic cancer with the development of two distinct but 

complementary therapies: stereotactic ablative radiotherapy (SABR, or SBRT) 

[5] and immunotherapy in the form of immune checkpoint inhibitors (ICI) [6]. 

These new approaches are extending cancer survival and even questioning the 

idea of metastatic cancer as an incurable disease, particularly in cases of 

oligometastasis. 

 

Definition of oligometastasis 

The concept of oligometastasis was coined in 1995 by Hellman and 

Weichselbaum as an intermediate stage between localized cancer and 

metastatic disease that could benefit from metastasis-directed therapies with 

curative intent [7]. These include surgery, SABR and locally ablative therapies 

such as thermoablation, radiofrequency ablation, etc. [8]. At present, given 

that there are no biomarkers available that can identify true oligometastatic 

disease (OMD), its diagnosis is based on imaging. The two main consensus 

documents define OMD as cases with up to five lesions in up to three different 

organs, independently of the primary tumor [9,10]. To note, the consensus of 
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the European Society of Radiation Oncology (ESTRO) and the American Society 

of Radiation Oncology (ASTRO) establish that OMD should probably not be 

defined by a set number of tumor sites, but rather by the ability to safely 

deliver SABR to all sites together with the aid of biomarkers of oligometastasis 

[9]. 

These consensus documents further subdivide the concept of OMD into distinct 

categories. In this regard, there is an important distinction to be made between 

patients with “genuine” OMD and those with prior polymetastatic disease that 

have become oligometastatic after systemic therapy (induced OMD). Moreover, 

patients with genuine OMD can have upfront oligometastases (de novo OMD) or 

repeat oligometastases after a prior history of OMD (Figure 1). 

Based on the response during treatment, three particular cases of OMD can be 

defined: 

o Oligopersistence: in which a limited number of lesions remain under 

active systemic therapy. 

o Oligorecurrence: new limited lesions after a systemic therapy-free 

interval. 

o Oligoprogression: progression in a limited number of lesions under active 

systemic therapy.  
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Figure 1. Illustration of the oligometastatic disease classification system [10]. 

(A) De-novo oligometastatic disease. (B) Induced oligometastatic disease. (C) 

Repeat oligometastatic disease. T0=at this current point of time. T-x=any 

previous point in time.  

 

 

The case for oligoprogressive disease 

Oligoprogression has garnered a special interest in recent years due to the 

advances in systemic therapy and SABR. New systemic agents offer significant 

advantages over traditional chemotherapy in many types of metastatic cancer, 

which has reinforced the need to extend the clinical benefit of systemic therapy 

for as long as possible. This idea has led to a groundbreaking hypothesis: could 

SABR to oligoprogressive sites help systemic therapy to be effective in more 

patients and for an extended period of time? This doctoral thesis aims to shed 

some light on this intriguing topic. 
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2. Systemic therapy in metastatic cancer 

 

Chemotherapy 

Systemic agents are the cornerstone treatment for metastatic cancer [1]. For 

many decades, systemic therapy has mostly been synonymous with 

chemotherapy. Even today, chemotherapy is still the treatment of choice in 

many tumor types, including breast cancer, colorectal cancer, or sarcomas [11-

13]. Chemotherapy mainly possesses a cytotoxic effect through DNA damage to 

tumor cells [14]. However, these agents offer modest benefits in many cancers, 

and toxicity usually limits the continuation of treatment for an extended time 

[15]. For instance, three-year survival in NSCLC with standard chemotherapy is 

less than 5% [16].  

 

Targeted therapy 

This problem was partially overcome by the development of targeted therapies 

(TT) that point towards specific molecular receptors with certain alterations 

known as driver mutations [17]. In patients with these mutations, TT can be far 

more effective than chemotherapy and are currently the first line treatment in 

epidermal growth factor receptor (EGFR)+ and anaplastic lymphoma kinase 

(ALK)+ NSCLC, [18] as well as BRAF-mutated melanoma [19]. Some of these 

agents can even surpass the blood-brain barrier and, therefore, be effective for 

brain metastases, which is a considerable limitation of most chemotherapies 

[20]. Moreover, side effects are usually milder than those of chemotherapy, and 

many of these agents can be administered orally instead of intravenously, which 

adds to this more convenient profile [21]. 

Despite these advantages, patients with driver mutations usually represent less 

than 10% of cases, which puts into perspective the fact that TT are not widely 

useful across many cancers [22]. 

 

Immunotherapy 

The situation is quite different for ICI. Although immunotherapies have been 

used in cancer for decades, the current use of the term mainly refers to drugs 

that target two immune-related receptors: the axis formed by programmed cell 
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death protein 1 (PD-1) and its ligand (PD-L1), and cytotoxic T-lymphocyte 

associated protein 4 (CTLA-4). These molecules are known as immune 

checkpoints: they are part of the physiological process of immune tolerance 

(CTLA-4 regulates the priming of T lymphocytes in the lymph nodes and PD-

1/PD-L1 regulates their cytotoxic effect) [23]. Tumor cells can take advantage 

of these interactions to induce immunosuppression and escape the immune 

system [24]. By blocking these interactions, ICI agents (anti-PD-1/L1, anti-

CTLA-4) “take the brakes off” the immune system and allows for an effective T 

cell function [25]. These mechanisms are represented in Figure 2. 

 

 

 

 

Figure 2. Biological mechanisms of the immune checkpoints CTLA-4 (a) and PD-

1/PD-L1 (b) [26]. 

 

 

 

Since their introduction a decade ago, ICI have been tested in several clinical 

trials for different tumor types. Not only have they proven to be more effective 

than standard of care (SoC) systemic therapy in many metastatic cancers but 

has also shown a better toxicity profile (especially in the case of anti-PD-1/L1 
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drugs) [27]. ICI are currently the first line of therapy in NSCLC and melanoma 

[28,29]. Moreover, they are also effective in other tumors such as bladder, renal 

cell and head and neck cancer, among others [30]. 

Immunotherapy has revolutionized the treatment of metastatic cancer. A 

paradigmatic case is NSCLC, in which five-year survival with ICI has improved 

to more than 30% [31]. Despite these encouraging facts, ICI have introduced a 

new set of questions and challenges in the field of Oncology. 

 

Limitations 

The main issue with ICI is that only 20 to 30% of patients actually respond to 

monotherapy [32]. Moreover, many patients who do respond end up developing 

secondary resistances to immunotherapy over time [33]. This constitutes a very 

complex challenge given that, in most cases, further lines of therapy are the 

SoC chemotherapies of the past that did not offer favorable results. Currently, 

these primary and secondary resistances are trying to be overcome by 

combining ICI with other treatment modalities [34]. A prime example is 

chemotherapy, with can improve response rates compared to ICI alone, 

although with the corresponding increase in toxicity [35]. Double ICI is approved 

in certain tumor types such as melanoma, also with better response rates and 

higher toxicity [35]. Combinations with TT, as well as new immunotherapy 

agents, are being investigated in clinical trials [34]. In this regard, the 

combination with radiotherapy (RT), particularly in the form of SABR has shown 

promise due to it being an effective and safe treatment and with intriguing 

synergistic immune-related effects [36]. 
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3. Stereotactic radiotherapy in metastatic cancer 

 

Definition and history 

SABR is a type of radiotherapy that delivers high doses of ionizing radiation in 

very few fractions (fx), usually one to five. This is performed with state-of-the-

art technology that allows for an extremely precise, conformed, and non-

invasive treatment that offers an excellent toxicity profile [37]. 

The term “stereotactic” originates from a frame-based coordinate system 

developed for precise neurosurgery [38]. The concept of stereotactic 

radiosurgery (SRS) was coined in the 50s to unite stereotaxy to radiation 

therapy, but was further developed during the 80s with the introduction of 

linear accelerators (LINACs). This allowed for the delivery of extremely high 

doses of RT to brain locations in a single fraction, including those not accessible 

by surgery. The delivery of SRS in a single fraction takes advantage of the 

ablative effect of radiation by transcending the principles of the traditional 

linear quadratic model of conventional RT, therefore destroying tumor tissue 

while preserving normal cells with millimetric precision [39]. SABR as a concept 

was established once this SRS technique was translated to extracranial sites as 

a form of extreme hypofractionation (generally, no more than 5 fx) [37]. This 

also exploits the ablative properties of RT, but with the added properties of 

fractionation in terms of immune modulation [40]. 

 

Clinical evidence 

SABR has seen a rapid development in this century due to the progress in the 

technology to deliver precise RT, such as intensity modulated radiotherapy 

(IMRT) and volumetric modulated arc therapy (VMAT) [41]. Evidence in this field 

first focused on localized scenarios such as early-stage lung cancer, where SBRT 

has demonstrated local control rates that are equivalent to surgery and is 

currently the standard of care in inoperable patients or those who refuse 

surgery [42]. More recently, a phase II study has positioned SABR as an equally 

effective alternative to surgery in inoperable cases of localized kidney cancer 

[43].  
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Together with these curative intent scenarios, SABR is increasingly being 

employed as an ablative treatment in the context of OMD [44]. In this regard, 

a study of paramount importance for SABR in OMD has been the SABR-COMET 

trial [45]. This was a phase II study that randomized 99 oligometastatic patients 

(up to five metastases) with different tumor types to receive either the 

standard of care systemic therapy or the standard of care + SABR to all 

metastatic sites. The extended long-term outcomes of study after eight years 

of follow-up showed striking results. Patients in the SABR arm had a significant 

benefit in 8-year OS (27.2% vs 13.2%; HR, 0.50; 95% CI, 0.30-0.84; P = 0.008). 

Interestingly, estimated 8-year progression-free survival (PFS) was 0% in the 

control group vs 21.2% in the experimental arm (HR, 0.45; 95% CI, 0.28-0.72; P 

< .001). Considering the long-term follow-up, these results could suggest that 

some of these patients may be cured from their OMD with this combined 

approach. This benefit is trying to be confirmed in two ongoing studies: COMET-

3 (patients with up to three metastases) and COMET-10 (up to ten) [46]. 

Several studies focused a single tumor type have further provided positive data 

in this oligometastatic context: OliGomez [47] and Iyengar et al. [48] in NSCLC, 

ORIOLE [49] and STOMP [50] in prostate cancer, and several more trials are 

ongoing [51]. 

The innate characteristics and growing evidence of SABR make it a prime 

candidate to combine it with systemic therapy in OMD in terms of local control 

and safety [52]. But more interestingly, it offers a potential synergy with 

current ICI-based immunotherapies.  

 

The abscopal effect 

In the 1950s, Mole described a curious phenomenon which he called “abscopal 

effect” [53]. This was observed when a metastatic patient who received RT to 

one site of disease experimented a regression in distant metastases that had 

not been irradiated. This occurrence challenged the idea of RT being an 

exclusively local treatment. However, since the introduction of the concept, 

the abscopal response had been extraordinarily infrequent, with just 46 cases 

reported worldwide until recently [54]. Nonetheless, preclinical investigations 

around this phenomenon continued over the following decades, establishing 
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that the abscopal effect was mediated by the immune system [55]. 

Coincidentally, the introduction of ICI in clinical practice ten years ago saw an 

exponential growth of abscopal responses in the literature [56], even with 

subgroup analyses of pivotal immunotherapy trials suggesting improved survival 

in patients who received some form of RT [57]. The development of SABR in 

OMD, the approval of ICI in more and more types of metastatic cancer and the 

discovery of the immunostimulatory properties of RT and, especially, SABR have 

created a perfect breeding ground for the in-depth study of the potential 

benefits of this combination [58]. 
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4. Combination of SABR and immunotherapy  

 

Biological basis 

At a molecular level, RT can produce two types of damage: sublethal and lethal. 

Sublethal damage is based on the accumulation of DNA mutations that do not 

allow cancer cells to divide, therefore dying by apoptosis. This damage is more 

characteristic of conventional RT. With higher doses per fraction as in SABR, 

lethal or ablative damage is more predominant, causing tumor cells to die by 

necrosis [59]. A third type of damage known as immunogenic cell death (ICD) 

has gained interest in recent years. This a kind of apoptosis that can provoke 

an immune response against tumor neoantigens (TAAs) contained inside tumor 

cells but released after their death [60]. RT, and more frequently SABR, have 

been shown to induce this ICD [61]. 

RT possesses effects both in the innate and adaptative immune systems [62]. 

When delivered, radiation produces inflammation that induces the release of 

heat shock proteins, damage-associated molecular patterns (DAMPs), high 

mobility group box 1 protein (HMGB1) and numerous cytokines, all which favor 

the recruitment of immune cells to the tumor microenvironment (TME). At this 

point, dendritic cells are able to identify the TAAs released at the TME after 

radiation-induced ICD and take them to the lymph nodes to present them to 

naïve T cells. These causes their activation into cytotoxic T cells than can 

therefore travel to distant non-irradiated sites to unleash an abscopal response. 

Furthermore, in the presence of ICI, T cell effector function will not be 

hindered, and antitumor activity will be enhanced. This phenomenon is 

represented in Figure 3. In short, RT serves as an in-situ vaccination for T-cell 

priming [63]. 
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Figure 3. Visual representation of the interaction between radiotherapy and 

immunotherapy [36]. When delivered to the tumor, radiotherapy (RT) induces 

immunogenic cell death and the release of tumor-associated antigens (TAAs) 

nearby. Dendritic cells (DC) recognize these TAAs and carry them to the lymph 

nodes, where they present them to naïve CD8+ T cells through the major 

histocompatibility complex I (MHC I) and CD80/86 and CD28 receptors. At this 

point, anti-cytotoxic T lymphocyte-associated antigen (CTLA)-4 agents block 

the CTLA-4 receptor in naïve T cells, which ceases their inhibition. Activated 

cytotoxic T cells are then incorporated into the bloodstream and travel to 

distant metastases and back to the irradiated tumor to eliminate the disease. 

At this stage, anti-PD-1/L1 therapy blocks the interaction between these two 

receptors, which allows for a stronger antitumor effect driven by T cells. 
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While abscopal effects can be unleashed consistently in murine models [64], 

this response in humans is more complex. This is partly due to the fact that 

radiation also possesses immunosuppressive effects. For instance, lymphocytes 

are very sensitive to RT and can be destroyed even with low doses [65]. 

Moreover, RT can also stimulate the release of transforming growth factor beta 

(TGF-β) [66] and induce an increase in T regulatory cells (Tregs) [67]. Numerous 

factors such as dose, fractionation, treatment timing and sequence, number of 

treated sites and location, among others, have been described to alter the 

balance between these immunosuppressive and immunostimulatory effects 

[68]. 

 

Variables involved in the abscopal effect 

One of the main limitations in the design of clinical trials that test the efficacy 

of SABR and ICI is the complex web of patient and treatment variables that can 

play a part in the outcomes of this combination. Some of these include: 

 

o Dose and fractionation: While the optimal RT plan is not yet established, 

SABR has been shown to be more immunogenic than normofractionated 

RT due to its higher doses per fraction [69]. However, it remains unclear 

whether ablative doses as used in SABR treatments with curative intent 

are ideal in the context of the combination with ICI. Doses of >12 Gy per 

fraction can lead to immunosuppression by removing the trigger from the 

STING pathway through the upregulation of TREX1 [70]. Nonetheless, 

both ablative and subablative doses have been used in clinical trials with 

positive results, so this aspect in still under debate [36]. Recent data 

even suggests that RT fx of as low as 0.5 Gy could be employed to 

stimulate the immune response when paired with ICI [71]. 

 

o Treatment timing and sequence: Although these variables are still under 

investigation, concurrent SABR and ICI as opposed to sequential has 

shown better results in recent studies [72,73]. This is a safe approach 

that avoids the interruption of systemic therapy in order to deliver RT. 

In the case of brain metastases, upfront RT has shown an impact in 
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survival when followed by ICI [74] by avoiding the need for continuous 

high doses of corticosteroids to manage neurological symptoms [75]. 

SABR in non-consecutive fractions separated by at least 36 hours is 

preferred as it allows for lymphocyte repopulation [76]. 

 

o Location and number of lesions: Early studies evaluating the abscopal 

effect delivered SABR to just a single site in hope of eliciting a distant 

response [77]. However, this is currently considered inefficient, as 

treating multiple lesions may unleash the presentation of a wider variety 

of TAAs from a greater number of tumor subclones, therefore improving 

the systemic response [68]. Moreover, in patients with up to five 

metastases in total, evidence from clinical trials on OMD shows that SABR 

to all sites is the most effective course of action [9]. The location of 

these metastatic is also a factor to consider. Visceral lesions seem to 

favor a greater immune response than bone metastases [78,79]. Elective 

nodal irradiation has been suggested to cause immunosuppression and 

might explain the poor results from studies testing this combination in 

head and neck cancer [80]. Finally, bowel irradiation has been suggested 

to affect the microbiome and impact ICI response [81]. 

 

Clinical evidence 

The first reports of improved ICI response and abscopal effects with SABR 

arrived with the introduction of the first approved ICI agent: ipilimumab. 

Formenti et al. conducted a phase I-II study on 39 patients with metastatic 

NSCLC treated with ipilimumab and SABR in 28.5 Gy in 3 fx or 30 Gy in 5 fx and 

reported a 31% disease control rate and a median PFS of 7.1 months. These 

promising results were achieved while preserving safety, with only 10.3% of 

grade 3 or higher adverse effects [82].  

This study paved the way for a series of trials testing the combination of ICI and 

SABR (I-SABR), such as COSINR [72], PEMBRO-RT [77] and MDACC [83]. These 

last two trials were assessed in a pooled analysis. They included 148 

immunotherapy-naïve NSCLC patients that were randomized to receive SABR + 

pembrolizumab vs pembrolizumab alone. Patients in the experimental arm had 
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a disease control rate of 65.3% vs 43.3% in the control arm (odds ratio 2.51, 95% 

CI 1.28–4.91; p=0·0071). This benefit also translated into an increased median 

PFS ((9 months vs 4.4 months) and OS (19.2 vs 8.7 months) in the I-SABR group, 

with no differences in toxicity [84]. All these trials lead to the idea that I-SABR 

improves ORR compared to ICI alone. Furthermore, it has a potential benefit in 

PFS and OS that must be confirmed in phase III studies. 

Being a relatively new concept in OMD, evidence in the field of oligoprogression 

has been scarce for years, but this has changed with the recent publication of 

the final results of the CURB trial [85]. This was a randomized phase II study 

that included patients with metastatic NSCLC or breast cancer in 

oligoprogression to five or less lesions after having received at least one line of 

systemic therapy. The study included 106 patients who were randomized to 

receive SoC systemic therapy or SABR to all oligoprogressive sites + SoC and 

evaluated for PFS as the primary endpoint. Interestingly, patients with breast 

cancer did not seem to benefit from the addition of SABR, as median PFS was 

4.4 months in the SABR group vs 4.2 months in the SoC group (p=0·43). In 

contrast, patients with NSCLC showed an impressive advantage when treated 

with SABR, with a median PFS of 10 months vs 2.2 months in the SoC arm (HR 

0.41, 95% CI 0.22–0.75; p=0.0·0039). This a more than a four-times increase in 

median PFS compared to SoC systemic therapy (Figure 4). To note, 77% of 

patients with NSCLC received immunotherapy, 71% were treated with SABR to 

more than one lesion and 39% were polymetastatic (in the sense that they had 

more than five lesions in total). Despite the CURB trial being published later, 

these quality data from a randomized setting further supports the hypothesis 

and study design that was developed for the second publication in this thesis 

that will be explained in chapter VII. However, the fact that breast cancer 

patients did not benefit from the combination, together with other studies that 

have been negative, such as the STOP trial [86], evidence that there is a need 

for biomarkers that can improve patient selection. 
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Figure 4. Progression-free survival curves in the CURB trial [85]. A) Entire 

cohort, B) Non-small cell lung cancer patients, C) Breast cancer patients. 

Abbreviations: HR, hazard ratio; SBRT, stereotactic body radiotherapy. 
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5. Biomarkers in cancer 

 

Translational research 

In the 21st century, advances in Oncology are focused on precision medicine that 

aims to deliver personalized treatments for each patient [87]. To this end, 

translational research is a key element for the discovery and generalization of 

new biomarkers that can improve survival in cancer [88]. Translational research 

communicates clinical practice with basic science and establishes a symbiotic 

relationship between these two apparently disconnected spheres. For this 

bidirectional feedback to be successful, it requires the multidisciplinary 

collaboration of clinical professionals (radiation and medical oncologists, 

surgeons, pathologists, radiologists, etc.) and basic researchers (biologists, 

immunologists, geneticists, bioinformaticians, lab technicians…). Furthermore, 

and given the large number of patients necessary to identify potentially useful 

biomarkers, collaborative networks between cancer centers must be 

established together with an efficient system for the gathering of patient 

samples [89]. Modern omics analyses are also costly and require adequate 

funding and must be handled by highly specialized personnel. In this context, 

it is necessary to select the most convenient type of sample to analyze and 

prioritize the study of the most promising candidates for biomarkers. 

 

Liquid biopsy 

Tumor tissue samples, known as solid biopsies, are the most employed in the 

analysis of biomarkers in cancer, both diagnostic and therapeutic [90]. However, 

these present several problems. They usually imply an invasive procedure that 

can even require hospitalization and general anesthesia, they can be difficult 

to access, sample quantity may be insufficient, and they might lead to 

complications such as bleeding and infections [91]. More importantly, these 

disadvantages make them practically difficult to perform clinical 

monitorization through longitudinal sampling over time.  

For the reasons above, current efforts on the discovery of biomarkers are 

focusing on liquid biopsy. Liquid biopsy is a minimally invasive technique that 

allows for the analysis in blood or other biological fluids of cells, DNA fragments 
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or other molecules with diagnostic and/or therapeutical value. Compared to 

tissue samples, liquid biopsy is much easier and faster to gather and process, 

allows for longitudinal sampling, and avoids the problem of intra and 

intertumoral heterogeneity [92]. 

 

Candidate analytes 

Despite being a very active field of cancer research, no definitive predictive or 

prognostic biomarkers have been identified in the context of combined ICI and 

SABR. Nonetheless, several cells and molecules are promising candidates 

(Figure 5): 

 

o Peripheral blood mononuclear cells (PBMCs): Circulating immune 

populations can be easily assessed in liquid biopsy [93]. In previous 

reports, RT has been described to induce an increase in circulating CD4 

and CD8 T cells, which suggests an immune activation [94,95]. A high 

neutrophil-to-lymphocyte ratio (NLR) before and after SABR has also 

been reported as a predictor of response and survival [96]. Given the 

considerable amount of preclinical evidence showing an involvement of 

several other cell types (natural killer cells, B plasma cells, 

macrophages, Tregs, etc.), their assessment in translational studies on 

humans is a promising area of research [97]. 

 

o Circulating tumor DNA (ctDNA) and cell-free DNA (cfDNA): The analysis 

of ctDNA as a potential diagnostic and therapeutic biomarkers is being 

conducted in several clinical trials [98]. In the context of SABR, pre-

treatment ctDNA levels have been proposed as a predictor of PFS and OS 

in oligometastatic NSCLC [99]. However, ctDNA can be expensive and 

complex to determine in a standard laboratory [100]. For this reason, 

the concentration of cfDNA could be a valid surrogate that is more widely 

available for daily clinical practice [101]. 

 

o Extracellular vesicles (EVs): These are small vesicles that carry a series 

of molecules that participate in processes of cellular communication 
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[102]. A subtype of EVs are exosomes, which contain, among other 

molecules, fragments collectively known as small RNAs but that are 

divided in different types: micro RNAs (miRNAs), small nuclear RNAs 

(snRNAs), small nucleolar RNAs (snoRNAs), among others [103]. Although 

evidence is still limited, EVs are interesting candidates for early 

biomarkers of response given that their expression is rapidly influenced 

by radiation [104] and immunotherapy [105]. 

 

o Cytokines: As previously mentioned, the delivery of RT drives the release 

of several immune-related cytokines. These can be immunostimulatory, 

like interferon-gamma [106] and interferon type 1 [107], or 

immunosuppressive, like TGF-β [66]. Cytokines can be easily assessed 

with ELISA and are interesting biomarkers in terms of response prediction 

and monitoring. 

 

o DNA methylation: Epigenetics is a very novel area of research. DNA 

hypermethylation results in the silencing of gene expression, whereas 

hypomethylation allows for gene upregulation [108]. These interactions 

drive several key processes in cancer development and progression, and 

their influence on systemic therapy and RT response is currently being 

analyzed [109,110]. 
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Figure 5. Possible circulating cancer biomarkers in liquid biopsy from 

blood [111]. Abbreviations: E, epithelial; M, mesenchymal; EVs, 

extracellular vesicles; CA fibroblast, cancer-associated fibroblast; CECs, 

circulating endothelial cells; CTCs, circulating tumor cells; ctDNA, 

circulating tumor DNA; TEP, tumor-educated platelet. 
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6. Our clinical and translational protocol 

 

Why oligoprogression to immunotherapy? 

Since the conceptualization of this doctoral thesis, we decided to focus our 

research on one specific subgroup: metastatic patients experiencing 

oligoprogression while under ICI and treated with SABR to these progressing 

lesions. As stated along this chapter, SABR may be able to extend the clinical 

benefit of systemic therapy. This is of paramount importance in patients treated 

with ICI, as immunotherapy is usually the most effective and safe systemic line. 

Taking NSCLC as an example, progression to ICI results in a change to successive 

lines of chemotherapy that offer very poor survival results [4]. To add to this 

issue, many patients present primary resistance to ICI or develop acquired 

resistances at some point [33]. In this context, SABR does not only offer 

excellent rates of local control at oligoprogressive sites but can also unleash a 

systemic response to overcome systemic ICI resistance [86]. Identifying which 

patients are going to benefit the most from this abscopal effect is the key 

aspect in this context. 

 

Patient and treatment characteristics 

The studies in this thesis include patients with metastatic cancer in 

oligoprogression to ICI (up to five lesions) but maintaining the same systemic 

line due to clinical benefit. These patients are treated with concomitant SABR 

(generally in 35 Gy in 5 non-consecutive fractions) to all progressing sites. The 

ORR is assessed two months after the end of SABR and subsequently every three 

months for the duration of follow-up. To evaluate the abscopal response, prior 

to SABR, we select up to two out-of-field lesions and assess if they shrink ≥30% 

two months after the end of SABR. In the third publication of this thesis, we 

also include a comparative cohort of oligometastatic patients treated with SABR 

alone in ablative doses. 

 

Biomarker assessment 

In the study described in chapter VIII, we add translational studies to this 

clinical protocol. We gather blood samples from patients before SABR (T1), 
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after the first and last SABR fx (T2 and T3), two months after SABR (T4) and in 

case of further progression (TP). In these samples, we conduct analyses on 

PBMCs, cfDNA, EVs, cytokines and epigenetics. These molecules are correlated 

with ORR and survival. In this doctoral thesis, we present the first results of 

this study in terms of PMBCs, cfDNA and EVs. A detailed description of both the 

clinical and translational protocols will be provided in the corresponding 

chapters.  

 

 

 

 

Figure 6. Clinical and translational protocol in our oligoprogression study. 

Abbreviations: ICI, immune checkpoint inhibitors; fx: fractions; ORR, objective 

response rate, iRECIST, immune Response Evaluation Criteria in Solid Tumors; 

PD, progression disease. Figure created with biorender.com. 
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CHAPTER II: AIM AND OBJECTIVES 

 

The aim of this doctoral thesis is to describe the available evidence on the 

combination of ICI-based immunotherapy and SABR in oligoprogressive disease, 

as well as contribute to the clinical and molecular knowledge in this nascent 

field by designing and conducting prospective clinical studies. The hypothesis 

is that SABR can improve the clinical benefit of ICI in patients who share certain 

biomarkers than can be identified in liquid biopsy. 

 

This aim is developed over three specific objectives, each of them realized 

through one scientific publication: 

 

o Objective 1: To analyze the state-of-the-art in the treatment of 

oligoprogressive metastatic patients and the utility of SABR when 

combined with different types of systemic therapy. Given the current 

evidence, this analysis will be focused on NSCLC and the synergies 

between SABR and ICI. This objective is developed in chapter VI. 

 

o Objective 2: To assess the clinical benefit from the combination of ICI 

and SABR through a prospective observational study on patients with 

metastatic NSCLC or melanoma. This benefit is measured in terms of 

ORR, abscopal response, PFS, OS, local control, and toxicity. This 

objective is carried out in chapter VII. 

 

o Objective 3: To identify biomarkers of response and/or resistance to the 

combination of ICI and SABR by analyzing several molecules in liquid 

biopsy from oligoprogressive patients participating in a clinical 

prospective study. This objective is addressed in chapter VIII. 

 

The presentation of this thesis as a compendium of publications reflects the 

essentially practical focus of this aim and objectives. The thesis has been 

designed considering this clinical focus and the three publications included are 

interrelated as a consequence of the acquired knowledge in each of them. 
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CHAPTER III: OVERVIEW OF RESULTS 

 

The findings of this doctoral thesis are explained in detail in chapters VI, VII 

and VIII. In this chapter, the main results of each publication are summarized. 

 

CHAPTER VI 

 

This first publication is an extensive review on oligoprogressive disease in 

metastatic NSCLC that is published as a book chapter in the Handbook of 

Interdisciplinary Cancer Research (Springer, 2023). We review the definition of 

oligometastatic and oligoprogressive disease, the indications and limitations of 

current systemic therapy in NSCLC, and the available evidence at the time of 

writing (2022) on the addition of SABR to chemotherapy, TT and ICI in this 

context.  

 

In patients with chemotherapy, only consolidative SABR after a first line of 

systemic therapy has been studied. A number of studies have shown that the 

combination is safe and effective in terms of response and survival, both with 

SABR in extracranial disease and SRS in brain metastases [112, 113]. 

 

When combined with targeted therapy in ALK+ and EGFR+ patients, SABR and 

SRS are also safe, but concomitancy is not recommended in brain metastasis or 

thoracic RT [114]. In extracranial disease, concomitant SABR to oligoprogressive 

sites was assessed in a phase II trial by Iyengar et al. in patients receiving 

erlotinib [115]. The combination showed a safe toxicity profile and a median 

PFS and OS of 14.7 months and 20.4 months, respectively. 

 

Finally, the combination of ICI with SABR is safe and does not increase the rate 

of immune-related adverse effects, as shown in several studies [116]. At the 

writing of this review, no randomized data in the oligoprogressive setting was 

available. However, the PEMBRO-RT trial testing upfront ICI plus SABR had been 

published and reported a doubling in ORR compared to ICI alone, with a median 

PFS of 6.6 vs 1.9 in favor of the I-SABR arm [77]. In oligoprogressive disease, 
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prospective and retrospective data show promising response and survival rates 

[114]. 

 

 

CHAPTER VII 

 

This chapter describes an original clinical study performed by the doctorate in 

collaboration with the thesis directors. It is a prospective observational 

multicenter study that includes 50 patients with metastatic NSCLC or melanoma 

treated with combined SABR and ICI after experiencing oligoprogression in up 

to five lesions. 

 

Patients had a median age of 64 years and 64% were male. The most frequent 

tumor type was non-squamous NSCLC and had more than five metastases in 

total. Patients had received a median of two lines of systemic therapy before 

ICI. The current lines of ICI were either pembrolizumab or nivolumab. The most 

treated locations were the lungs and nodal metastases.  

 

With a median follow-up of 32.8 months, the ORR was 42% (30% complete 

responses and 12% partial responses). Stable disease was reported in 10% and 

progression in 48%. The abscopal response was measurable in 40 patients and 

was observed in 26 patients (65%). At the end of follow-up, six patients were 

disease-free with no active treatment. Median PFS was 14.2 months and median 

OS since the delivery of SABR was 37.4 months. No differences between tumor 

type were observed. Patients with abscopal response had a significantly longer 

median PFS compared to those who did not present one (21.2 vs 3 months, p < 

0.0001). This benefit was maintained in multivariate analysis, although no other 

variables aside from primary refractory disease and male sex (which predicted 

a higher risk of progression) seemed to affect PFS or OS. Only 6% of patients 

presented grade 3 side effects, and none of these were related to SABR. 
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CHAPTER VIII 

 

The last publication of the thesis presents early results of a new study on 

oligoprogressive patients that incorporates biomarker analyses. This is also a 

prospective observational study that aims to recruit 72 patients treated with I-

SABR to oligoprogressive sites (cohort A) and a comparative cohort of another 

72 patients that receive only SABR to OMD (cohort B). Blood samples are 

gathered at baseline (T1), after the first (T2) and last SABR fx (T3), two months 

post-SABR (T4) and in case of new progression (TP).  

 

Up to the writing of this thesis, 91 patients have been recruited for the study, 

but the publication includes the first 27 patients that had at least one imaging 

reevaluation after SABR at the cut-off date of November 30, 2023 (n = 19 from 

cohort A and n = 8 from cohort B). Median age, sex distribution and ECOG were 

similar between cohorts, with a predominance of males. Lung cancer was the 

most frequent in both cohorts (73.6% in A and 50% in B), followed by renal (15.8% 

and 25%, respectively). The most frequent treatment site was the lungs for both 

groups (40% and 60%), and most patients were treated to one lesion (62% and 

75%).  

 

With a median follow-up of 6 months (range, 3.4 – 19.8 months), last ORR 

considering both cohorts was 63%: 26% complete response (n = 7) and 37% partial 

(n = 10). Furthermore, 3.7% (n = 1) had stable disease and 33.3% (n = 9) suffered 

new progression. The abscopal response could be measured in 14 patients in 

cohort A and was 35.7% (n = 5). There were no significant differences in PFS or 

OS between groups. Median OS and PFS were not reached. No grade ≥3 toxicity 

was reported. 

 

Fifteen patients with NSCLC were available for cfDNA and PMBCs studies. In 

univariate analysis, the percentage of CD8+ PD1+ cells was significantly higher 

in non-responders vs responders at T2 (p = 0.011). In contrast, CD8+ PDL1+ cells 

were higher in responders (p = 0.026). Moreover, at T3, the percentage of CD4+ 

was significantly higher in responders compared to non-responders (p = 0.036). 
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CD20+ B cells also increased in responders from T1 to T2 (p = 0.0234). In paired 

longitudinal analysis, the concentration of cfDNA significantly decreased in 

responders from T2 to T3 (p = 0.0488) but did not vary in non-responders.  

 

Small RNA data for differential expression analysis between responders and non-

responders (last ORR) were available from T1 through T4 samples of 14 patients 

with NSCLC in cohort A. Two patients were excluded due to being outliers. At 

T2, we found 27 miRNAs that were differentially expressed between responders 

and non-responders with p value < 0.05. Of these, three (hsa-miR-133a-1, hsa-

miR-133a-2 and hsa-miR-1-3p) were significantly downregulated in responders 

with adjusted p value < 0.05. 

IPA software identified four upstream regulators related to small RNA in T2. 

TATA-box binding protein associated factor 5 (TAF5), TATA-box binding protein 

(TBP) and general transcription factor IIB (GTF2B) were associated with RNU2-

2P, which was downregulated in responders. In contrast, PTPRR was associated 

with SNORD1B, upregulated in responders. In longitudinal analysis, hsa-miR-

133a-3p exhibited an increase from T2 to T4 in responders. 
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CHAPTER IV: GENERAL DISCUSSION 

 

The review presented in chapter VI provides a detailed description of the 

reasons that warrant the use of SABR in patients with oligoprogressive cancer 

under systemic therapy, together with an in-depth view at the available 

evidence when combined with chemotherapy, targeted therapy, and 

immunotherapy. 

These studies not only show that SABR does not add to the baseline toxicity of 

most of these systemic therapies, but also suggest a potential benefit in PFS 

and OS that is explained by the extension of clinical benefit achieved when 

delaying or even avoiding a change in the current line of systemic therapy to 

which the patient is oligoprogressing. This approach has been tested in phase II 

studies of TT in lung cancer. In the case of ICI, evidence used to be lacking, but 

this has recently changed with the publication of the CURB trial, a randomized 

phase II trial with very positive results for patients with oligoprogressive NSCLC 

that were mostly treated with immunotherapy. There is a growing interest in 

the combination of SABR and ICI because of the relevant discoveries that are 

being made both preclinically and clinically in regard to the abscopal effect of 

RT and the immunogenic effect that can overcome the resistance to 

immunotherapy. 

 

 

Although there have been data on this combination practically since the 

introduction of the first ICI agents, at the time of conceptualization of this 

doctoral thesis, all the studies on the specific field of oligoprogression to ICI 

were retrospective. For this reason, the study contained in chapter VII was 

designed with the aim to answer, at a prospective clinical level, if SABR can 

improve the response to ICI in oligoprogressive patients that maintained the 

same ICI due to clinical benefit and were referred to the radiation oncology 

department to receive palliative SABR. 

This was a prospective observational multicenter study that included 50 

metastatic patients with NSCLC or melanoma (the main two tumor types in 

which immunotherapy was approved for clinical practice at the time) in 
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oligoprogression to pembrolizumab or nivolumab. At the end of follow-up (with 

a median of 32.8 months, the ORR was 42%, including 30% of complete 

responses. Even more interestingly, median PFS was 14.2 months, which means 

that SABR was able to delay the change of systemic line for over a year. This is 

a fundamental finding given that subsequent systemic lines are usually based 

on traditional chemotherapies that offer a very limited benefit and a higher 

chance of serious side effects. In the case of this study, as it started recruitment 

back in 2017, immunotherapy was the second or even third line in many 

patients, which accentuated the importance of maintaining the clinical benefit 

of ICI for as long as possible. 

 

Despite the overall positive results, it is true that not all patients obtained this 

same benefit. In the most favorable cases, a subgroup of patients achieved an 

extended long-term benefit that even allowed for the discontinuation of 

immunotherapy, staying disease-free until the end of follow-up. In contrast, 

other patients progressed rapidly after SABR and died shortly after. The analysis 

of the clinical variables of the study was not very conclusive when trying to 

identify common characteristics among these two groups. Nonetheless, we 

observed that patients that presented an abscopal response according to our 

pre-specified clinical criteria of a ≥30% reduction in 1-2 non-irradiated lesions, 

had a significant advantage in terms of median PFS compared to patients that 

did not present this out-of-field response (21 months vs 3 months, p<0.0001). 

This suggests the involvement of a global immunostimulatory effect that goes 

beyond the local cytotoxic effects of SABR and that can revert the resistance 

to immunotherapy. However, there is no consensus on how to evaluate this 

response clinically. Moreover, the fact that this variable can only be evaluated 

after SABR means that it is not a helpful tool for patient selection. 

 

 

To try to find answers to some of these questions, we designed a new 

prospective study to be conducted during the remainder of the predoctoral 

period and that would be centered around biomarkers. The first results of this 

study are detailed in chapter VIII. Given that our clinical protocol had been 
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successful in our previous publication, we decided to keep focusing on 

oligoprogressive patients. Since 2017, immunotherapy had been approved in 

several additional cancer types. To better reflect the current SoC in daily 

clinical practice, we designed the study to include patients with any type of 

tumor under ICI. In addition to this cohort (A) we designed a comparative cohort 

(B) of oligometastatic patients with de novo OMD or oligorrecurrence that 

received only SABR in ablative doses. Blood samples are gathered before, during 

and after SABR and analyzed to identify cellular, genetic, and epigenetic 

biomarkers and correlate them with the clinical variables. 

In terms of response, the last evaluated ORR was 63% in the first 27 patients, 

including 26% complete responses. These are high rates compared with our 

previous study and others, but it must be noted that median follow-up is still 

quite short (6 months). 

 

For the translational studies, we focused on patients with NSCLC in this first 

analysis given that it was the most frequent tumor type. The concentration of 

cfDNA decreased significantly across SABR treatment (from T2 to T3) in 

responders, but not in non-responders. Similar results have been published with 

ctDNA, but the latter is much more expensive and complex to determine. cfDNA 

has been proposed as a surrogate in previous studies but has never been 

analyzed in the context of I-SABR. Our results also suggest that this could be an 

early biomarker of response that is more widely available and inexpensive. 

As for PMBCs, we found that non-responders had a lower percentage of CD4+ 

and CD8+PDL1+ cells, as well as a higher percentage of CD8+PD1+ compared to 

responders. These three findings have been previously described in the 

literature as related to worse outcomes in NSCLC. In terms of B cells, 

responders showed an increase in CD20+ and decrease in CD19+ from T1 to T2, 

which indicate an immune response. 

Finally, small RNA analysis, which was available in 14 patients with NSCLC from 

cohort A, revealed 27 miRNAs that were differentially expressed in T2 between 

responders and non-responders. One of these is hsa-miR-1-3p, which was 

downregulated in responders and has been described as a key contributor to 

the progression of NSCLC. Two other small RNA, RNU2-2P and SNORD1B were 
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also significantly different between responders and non-responders. RNU2-2P is 

a pseudogene that is inhibited by TBP, TAF5 and GTF2B, whereas SNORD1B is 

involved in the PTPRR pathway. Both of these pathways have been described to 

participate in cancer. Longitudinally, hsa-miR-133a-3p exhibited an increase 

from T2 to T4 in responders. This is consistent with the previously described 

role of this miRNA against lung adenocarcinoma progression and chemotherapy 

resistance. None of these biomarkers have been previously described as being 

involved in the response to the combination of SABR to ICI. Their discovery, if 

confirmed with longer follow-up and more patients, is a steppingstone in the 

field of biomarkers of I-SABR.  
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CHAPTER V: CONCLUSIONS 

 

This doctoral thesis assesses a topic of great relevance in the field of radiation 

and medical oncology through a multidisciplinary and original approach, 

integrating clinical and molecular information from patients to identify 

predictive and/or prognostic biomarkers that can optimize the selection of 

patients that benefit the most from the combination of SABR and 

immunotherapy in oligoprogressive disease. Through the publications included 

in the thesis, we have identified a clinical context of oligoprogression in which 

SABR can have a decisive role by unleashing an immune-related abscopal effect 

than can overcome ICI resistance. The main conclusions that can be extracted 

from these three publications are as follows: 

 

1) Oligometastatic disease is a distinct clinical entity that can benefit 

from the addition of ablative therapies such as SABR to standard 

systemic therapy (or even excluding systemic therapy in some cases). 

2) Oligoprogression is a particular type of oligometastasis in which SABR 

can have a role to eliminate resistant tumor subclones and extend 

the clinical benefit of systemic therapy. 

3) The most precise definition of oligometastasis is yet to be established 

and blood biomarkers may be useful in this definition. 

4) SABR is safe and effective when combined with chemotherapy, 

targeted therapy, and immunotherapy in oligoprogressive disease. 

The combination of SABR with immunotherapy is especially promising 

given the immune implications of the abscopal effect. 

5) SABR and ICI in metastatic oligoprogressive cancers such as NSCLC 

and melanoma is a safe combination that improves response rates and 

extends the clinical benefit of ICI by delaying or avoiding a change in 

systemic therapy. Patients who present an abscopal response have a 

significant improvement in PFS compared to those who do not. 

6) A subgroup of patients experiences long-term response after I-SABR 

and can even stay disease-free with no active treatment. In contrast, 
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other patients do not seem to benefit at all from the addition of SABR 

and progress rapidly. 

7) It is of paramount importance to identify clinical and molecular 

variables that can help in patient selection for this combined 

approach. 

8) Liquid biopsy allows for the easy gathering of blood samples to 

analyze biomarkers longitudinally to perform treatment 

monitorization. 

9) Cell-free DNA is a potential biomarker of early response, as it 

decreases over time in patients that respond to SABR. 

10) PMBCs reflect the immune effects of SABR. Responders show higher 

percentages of CD4+ and CD8+PDL1+ cells and lower percentages of 

CD8+PD1+ cells. This indicates an immunostimulatory response driven 

by RT. 

11) EVs are a novel tool for biomarker analysis and seem to be promising 

candidates for biomarkers of early response in I-SABR. Differences in 

expression between responders and non-responders in the RNU2 

family, SNORD1B, hsa-miR-1-3p and hsa-miR-133a-3p observed after 

the first SABR fraction are potential markers if confirmed in future 

analysis with more patients and longer follow-up. 

 

 

To conclude, this doctoral thesis lays the foundation for a line of research 

focused on a highly specialized protocol, both at the clinical and translational 

levels, for the treatment and analysis of oligoprogressive patients treated with 

immunotherapy. At the same time, it provides new questions that must be 

assessed during the rest of the ongoing study and future translational projects 

and clinical trials. 
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CHAPTER VI: COMBINATION OF STEREOTACTIC ABLATIVE 

RADIOTHERAPY AND SYSTEMIC THERAPY IN OLIGOPROGRESSIVE 

NON-SMALL CELL LUNG CANCER 

 

Rodolfo Chicas-Sett and Juan Zafra  

 

Abstract  

Targeted therapy (TT) and immune checkpoint inhibitors (ICI) have significantly 

increased survival in metastatic non-small cell lung cancer (NSCLC). The 

development of acquired resistances to these treatments has led the way for a 

new clinical scenario: oligoprogressive disease (OPD). In this context, 

stereotactic ablative radiotherapy (SABR) has appeared as one promising 

strategy to overcome these resistances. This review aims to assess the current 

evidence on the role of SABR in oligoprogressive NSCLC.  

SABR in OPD is safe and seems to be effective for eradicating resistant tumor 

clones, allowing for the continuation of the same systemic line and with a 

possible impact in survival. The most solid evidence at the moment centers 

around the combination of SABR with TT, particularly in patients with EGFR and 

ALK mutations. SABR in combination with ICI is also a promising field which is 

exponentially growing.  

The ability to maintain the same systemic treatment after OPD seems to be 

relevant, given that it allows for a continued clinical benefit and extended 

survival in metastatic NSCLC. The use of SABR in this setting is showing 

promising results in early studies. This strategy should be further investigated 

in randomized trials to confirm this benefit and improve patient selection and 

treatment optimization.  
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Purpose: The percentage of patients with metastatic non-small cell lung cancer 

(NSCLC) and melanoma who benefit from anti−programmed cell death protein 

1 (anti-PD-1) is low owing to resistance mechanisms. SABR has a role in 

oligoprogressive disease and can improve responses to anti-PD-1. This 

multicenter prospective observational study aimed to determine whether 

concomitant anti-PD-1 and SABR to oligoprogressive sites enhance tumor 

response in metastatic NSCLC and melanoma. Methods and Materials: Patients 

with metastatic NSCLC or melanoma in progression to anti-PD-1 but continuing 

the same line owing to clinical benefit were referred for palliative SABR. All 

patients received concomitant pembrolizumab or nivolumab and SABR to 1 to 5 

lesions, maintaining anti-PD-1 until further progression, unacceptable toxicity, 

or medical/patient decision. Objective response rate—complete responses and 

partial responses—was evaluated during all follow-up according to Response 

Evaluation Criteria in Solid Tumors 1.1. The abscopal response was evaluated 8 

weeks after SABR as a ≥30% reduction in 1 to 2 predefined nonirradiated lesions.  

Results: Of the 61 patients enrolled, 50 could be analyzed. With a median 

follow-up of 32.8 months, objective response rate was 42% (30% complete 

responses and 12% partial responses). Median progression-free survival was 14.2 
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months (95% confidence interval, 6.9-29 months). Median overall survival since 

SABR was 37.4 months (95% confidence interval, 22.9 months- not reached). 

Abscopal response was 65%, evaluated in 40 patients who fulfilled the criteria.  

Conclusions: Combined anti-PD-1 and SABR in oligoprogressive metastatic 

NSCLC or melanoma can achieve high rates of response and extend the clinical 

benefit of immunotherapy by delaying further progression and a new systemic 

therapy. This approach should be assessed in larger randomized trials.  
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Abstract: Up to 80% of patients under immune checkpoint inhibitors (ICI) face 

resistance. In this context, stereotactic ablative radiotherapy (SABR) can 

induce an immune or abscopal response. However, its molecular determinants 

remain unknown. We present early results of a translational study assessing 

biomarkers of response to combined ICI and SABR (I-SABR) in liquid biopsy from 

oligoprogressive patients in a prospective observational multicenter study. 

Cohort A includes metastatic patients in oligoprogression to ICI maintaining the 

same ICI due to clinical benefit and who receive concomitant SABR. B is a 

comparative group of oligometastatic patients receiving only SABR. Blood 

samples are extracted at baseline (T1), after the first (T2) and last (T3) 

fraction, two months post-SABR (T4) and at further progression (TP). Response 

is evaluated by iRECIST and defined by the objective response rate (ORR) – 

complete and partial responses. We assess peripheral blood mononuclear cells 

(PBMCs), circulating cell-free DNA (cfDNA) and small RNA from extracellular 

vesicles. Twenty-seven patients could be analyzed (cohort A: n=19; B: n=8). 

Most were males with non-small cell lung cancer and one progressing lesion. 

With a median follow-up of 6 months, last ORR was 63% (26% complete and 37% 

partial response). A decrease in cfDNA from T2 to T3 correlated with good 

response. At T2, CD8+PD1+ and CD8+PDL1+ cells were increased in non-

responders and responders, respectively. At T2, 27 micro RNAs were 

differentially expressed. These are potential biomarkers of response to I-SABR 

in oligoprogressive disease.  

Keywords: immunotherapy, stereotactic ablative radiotherapy, 

oligoprogression, biomarkers, cell-free DNA, small RNA. 
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