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1. ABREVIATURAS Y ACRÓNIMOS

Ang-2: Angiopoetina-2 

AloTPH: Trasplante alogénico de progenitores hematopoyéticos  

ATG: Globulina anti-timocitica  

CE: Células endoteliales 

CIBMTR: Centro para la Investigación Internacional de Trasplante de Medula Ósea 

CMSP: Células madre de SP 

CPA: Células presentadoras de antígenos  

CsA: Ciclosporina  

Cy: Ciclofosfamida  

DAMPs: Danger associated molecular pattern 

DE: Donante emparentado  

DnE: Donante no emparentado  

dsDNA: DNA de doble cadena  

EASIX: Índice de Estrés y Activación Endotelial 

EBMT: Sociedad Europea de Trasplante de Sangre y Medula Ósea 

EICR: Enfermedad injerto contra receptor  

HLA: Antígenos leucocitarios humanos 

HCB: Hospital Clínic de Barcelona 

ICAM-1: Molécula de adhesión intercelular (Intercellular Adhesion Molecule) 

ICN: Inhibidor de calcineurina 

IFN-γ: Interferón gama 

IL: Interleuquina 

IS: Inmunosupresores 

MAGIC: Consorcio Internacional de EICR Aguda del Monte Sinaí  

MAT-AT: Microangiopatía asociada con el trasplante 
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MCH: Complejo mayor de histocompatibiliad  

mHA: Complejo menor de histocompatibilidad  

MMF: Micofenolato de mofetil  

MO: Médula ósea 

MRT: Mortalidad relacionada con el trasplante  

MTX: Metotrexato  

NET: Trampas extracelulares de neutrófilos  

NK: Natural killers  

PAMPs: Pathogen-associated molecular patterns 

PTCy: Altas dosis ciclofosfamida post-trasplante (Post-Transplant Cyclophosphamide) 

REDMO: Registro Español de Donantes de Médula Ósea 

REG3α: Derivado de islotes regeneradores 3-α 

RIC: Acondicionamiento de intensidad reducida (Reduced Intensity Conditioning) 

SCU: Sangre de cordón umbilical 

SG: Supervivencia global  

SLP: Supervivencia libre de progresión  

SOS: Síndrome de obstrucción sinusoidal 

SP: Sangre periférica 

ST2: Supresor de tumorigenicidad 2 

Tac: Tacrólimus  

TCR: Receptor de los linfocitos T 

TM: Trombomodulina 

TNF-α: Factor de necrosis tumoral α  

TNFR1: Receptor del TNF-α en las células endoteliales 

VCAM-1: Molécula de adhesión de células vasculares (Vascular Cell Adhesion Molecule) 

VWF: Factor de Von Willebrand 
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2. ENUMERACION DE LOS ARTICULOS DE LA TESIS

Tesis en formato de compendio de publicaciones. 
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Martínez. Effect of CD34+ cell dose on the outcomes of allogeneic stem cell 
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3. INTRODUCCION

3.1. TRASPLANTE ALOGÉNICO DE PROGENITORES HEMATOPOYÉTICOS 

El trasplante alogénico de progenitores hematopoyéticos (aloTPH) es un 

procedimiento de alta complejidad indicado en el tratamiento de un gran número de 

enfermedades hematológicas malignas y no malignas.  

En sus orígenes, el aloTPH se asoció a una elevada mortalidad derivada de las 

complicaciones inmunológicas e infecciosas. Gracias a las mejoras en la prevención y el 

tratamiento de dichas complicaciones, la mortalidad relacionada con el trasplante 

(MRT) y la supervivencia han mejorado de forma significativa a lo largo de los años. El 

aloTPH se ha convertido así en un procedimiento estándar de manera que más de un 

millón de pacientes han recibido un trasplante en los últimos 60 años para el 

tratamiento de su hemopatía [1,2]. Los avances más destacables en el aloTPH han sido, 

entre otros, la incorporación de los donantes no emparentados (DnE) como donantes 

convencionales [3 ,4], la mejora en la tipificación del HLA, la introducción de los 

acondicionamientos de intensidad reducida (RIC) [2, 5-8], la sustitución de la médula 

ósea (MO) por la sangre periférica (SP) como fuente de progenitores hematopoyéticos 

[9, 10] y las mejoras en la prevención, diagnóstico y tratamiento de las infecciones. 

[11-13]  

A pesar de todos estos progresos, un número importante de pacientes siguen 

padeciendo la enfermedad injerto contra receptor (EICR), por lo que sigue siendo esta 

complicación una causa muy relevante de mortalidad y morbilidad tras el trasplante y, 

por lo tanto, uno de los aspectos que precisan de mejora.  

3.2. ENFERMEDAD INJERTO CONTRA RECEPTOR 

La EICR es la principal complicación inmunológica del aloTPH. La EICR se 

produce cuando las células T inmunocompetentes del donante (el injerto) reconocen al 

receptor (huésped) como extraño. La respuesta inmunitaria resultante activa las 

células T del donante que adquieren capacidad citolítica y atacan al receptor con el fin 
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de eliminar las células extrañas portadoras de antígenos específicos. Las dos 

presentaciones clínicas principales son la EICR aguda (EICRa) y la EICR crónica (EICRc). 

Las primeras nociones de esta alorreactividad se observaron en estudios 

preclínicos con ratones, donde la transferencia de células inmunitarias de un huésped 

a otro causaba la muerte temprana de los receptores, al generarles un cuadro clínico 

consistente en diarrea, lesiones cutáneas y adelgazamiento extremo patológico [14, 

15]. 

Estos trabajos también demostraron que el proceso de reconocimiento 

dependía de las diferencias genéticas entre el donante y el receptor [16], y sobre todo 

de la disparidad antigénica [17]. Por otro lado, los investigadores observaron que estas 

diferencias otorgaban al trasplante más potencia antileucémica, promoviendo el 

efecto injerto contra tumor [18, 19]. 

3.2.1. Fisiopatología de la EICR aguda y crónica 

Los estudios experimentales en modelos murinos describieron tres requisitos 

básicos que aún siguen siendo la base conceptual para poder entender la fisiopatología 

de la EICR aguda [20,21]: 

1. El injerto debe contener células inmunocompetentes del donante.

2. El receptor debe contener aloantígenos que puedan ser reconocidos como

extraños por las células inmunocompetentes del injerto.

3. El receptor debe ser incapaz de generar una respuesta inmune apropiada

contra el injerto.

Actualmente se acepta que la EICRa se desarrolla en tres fases secuenciales [22]

(Figura 1). 
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  Figura 1. Fases del desarrollo de la EICRa [23]. 

La primera fase se caracteriza por la activación de las células presentadoras de 

antígenos (CPA) tales como las células dendríticas, los macrófagos y los linfocitos B 

(Figura 1). El acondicionamiento con quimioterapia/radioterapia y los procesos 

inflamatorios intercurrentes derivados de las infecciones producen un daño tisular 

importante que conduce a la liberación de múltiples antígenos, moléculas señales de 

peligro (Danger Associated Molecular Pattern, DAMPs), patrones moleculares 

asociados a patógenos (Pathogen-associated molecular patterns, PAMPs), 

principalmente procedentes del crecimiento bacteriano, y citoquinas proinflamatorias 

como el factor de necrosis tumoral α (TNF-α), la interleucina-1 (IL-1) y la IL-6 [24]. Esta 

exposición molecular y antigénica activa a las CPA y marca el inicio de la respuesta 
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inmune primaria y secundaria [25, 26]. El daño tisular a nivel gastrointestinal parece 

ser especialmente relevante en este proceso. Diversos trabajos experimentales han 

documentado la activación de las células dendríticas a partir de su interacción con 

PAMPs derivados de la microbiota del colon en pacientes con EICRa [27-29]. 

En la segunda fase (Figura 2), una vez activadas, las células dendríticas 

presentan los antígenos al receptor de los linfocitos T alorreactivos del donante 

provocando su activación, proliferación, diferenciación y migración [30-32]. Para que la 

activación linfocitaria se lleve a cabo es necesaria una segunda señal (señal co-

estimuladora) como la unión entre CD40 y su ligando (CD40L) o entre CD28 y su 

ligando (CD80/86) [33]. En esta etapa se desencadena una cascada de señales 

intracelulares que inducen a la transcripción de genes para muchas proteínas, incluidas 

las citoquinas y sus receptores. Los linfocitos T CD4+ producen grandes cantidades de 

IL-2, interferón gama (IFN-γ) y TNF-α que amplifican la respuesta inmunitaria 

reclutando otras células inmunitarias y facilitan la presentación antigénica 

aumentando la expresión de moléculas de adhesión y antígenos de 

histocompatibilidad [22, 34, 35].  

La tercera y última fase de la EICRa se define por la lesión tisular provocada por 

los efectores celulares e inflamatorios en los órganos diana (Figura 1 y 2). Una vez 

establecida la respuesta inflamatoria, la liberación de citoquinas promueve la 

migración de los linfocitos a los órganos linfoides secundarios y a los tejidos afectados 

[35]. Los linfocitos T citotoxicos (CD8+) y las células natural killers (NK) son los 

efectores celulares del daño tisular. En la EICR hepática, estas células utilizan 

preferentemente mecanismos de lisis celular mediados por la unión proteica entre FAS 

y FAS ligando, dado que los hepatocitos expresan grandes cantidades de FAS, mientras 

que en la EICR cutánea e intestinal, la muerte celular esta mediada por las vías de 

perforina-granzima [36-38]. La IL1, IL6, IFN-γ y el TNF-α son los efectores inflamatorios 

capaces de inducir apoptosis y necrosis tisular directamente, al mismo tiempo que 

amplifican la respuesta antigénica al activar más células dendríticas y reclutar más 

células proinflamatorias [37-40].  
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Figura 2. Activación de linfocito T y reclutamiento células proinflamatorias en la EICRa [35]. 

En la EICRc, la afectación orgánica es más heterogénea y las manifestaciones de 

la enfermedad son más variables que en la EICRa. La presentación clínica más 

frecuente se caracteriza por la inflamación y la fibrosis que afecta a uno o varios 

órganos de los sistemas tegumentario, musculoesquelético, cardiovascular, 

respiratorio, gastrointestinal, reproductor y adrenal [41]. 

Según estudios preclínicos en modelos murinos, la fisiopatología de la EICRc se 

puede entender conceptualmente en tres fases: inflamación tisular temprana, fase 1 

(Figura 3), seguida de inflamación crónica, lesión tímica e inmunidad regulada por 

linfocitos B y T, fase 2 (Figura 4), y finalmente, reparación tisular con fibrosis, fase 3 

[42] (Figura 5).

La primera fase de la fisiopatología de la EICRc comprende los procesos 

descritos en la fase inicial e intermedia de la EICRa, donde la activación de las células 

inmunitarias (CPA y linfocitos T) a partir de su interacción con múltiples moléculas y 

antígenos liberados tras el daño tisular producido por el régimen de 
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acondicionamiento, las infecciones o la misma EICRa, tiene un papel protagonista [42, 

43].  

Figura 3. Fase inicial de la fisiopatología de la EICRc [24]. 

La segunda fase se caracteriza por la lesión tímica causada por los efectos 

tóxicos del régimen de acondicionamiento, la profilaxis farmacológica, la 

alorreactividad antigénica y el depósito de inmunoglobulina [24, 44, 45] (Figura 4). El 

daño tisular compromete a las células dendríticas y epiteliales del timo y conduce, por 

una parte, a la perdida de la generación de linfocitos T reguladores, y por otra, a la 

perdida de la regulación de los procesos de selección positiva y negativa que son 

esenciales para establecer la tolerancia central [46, 47]. La expresión de antígenos 

restringidos permite la liberación de linfocitos T CD4+ autorreactivos al torrente 

sanguíneo [48, 49]. La escasez de mecanismos periféricos que habitualmente controlan 

la proliferación de células inmunitarias autolesivas facilita el desarrollo de la EICRc [50, 

51].   

Una vez activados, los linfocitos T alorreactivos se expanden y polarizan hacia la 

proliferación de células colaboradoras de tipo 1, 2 y 17 (Th1, Th2 y Th17). Los linfocitos 

T CD4+ autorreactivos y alorreactivos que han escapado a la regulación inmunitaria, 

especialmente los de tipo Th17, producen IL-17A que se encarga de mantener en el 
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tiempo la inflamación tisular [52, 53]. También se ha observado una producción 

importante de IL21 que conduce a la formación de centros germinales, donde los 

linfocitos B sufren hipermutaciones somáticas y producen anticuerpos con cambios en 

el isotipo de las inmunoglobulinas, procesos especialmente relacionados con las 

manifestaciones cutáneas, pulmonares y hepáticas crónicas [54, 55]. 

Figura 4. Fase intermedia de la fisiopatología de la EICRc [24]. 

En la tercera fase tiene lugar una reparación tisular aberrante promovida por 

los macrófagos activados que producen factor de crecimiento transformante β (TGF-β) 

y factor de crecimiento derivado de plaquetas α (PDGF-α) y terminan activando a los 

fibroblastos [24] (Figure 5). En respuesta a estos y otros mediadores profibróticos, los 

fibroblastos activados producen colágeno de matriz extracelular y biglicano, que 

entrecruzan el colágeno y aumentan la rigidez del tejido dando lugar al fenotipo 

esclerótico [56].  El daño orgánico y la fibrosis tisular también se ven facilitados por el 

depósito patológico de las inmunoglobulinas anómalas producidas por los linfocitos B 

en respuesta al factor activador de las células B (BAFF) [57, 58]. 
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Figura 5. Última fase de la fisiopatología de la EICRc  [24]. 

3.2.2. Compatibilidad HLA y elección del donante 

La alorreactividad en el aloTPH está determinada principalmente por las 

diferencias que existen entre las moléculas del complejo mayor de 

histocompatibilidad (MCH) del donante y del receptor. Así, los linfocitos T activados 

del donante reconocerán como extraños en el receptor, los antígenos de 

histocompatibilidad que sean dispares a los suyos.  

El MCH está constituido por una serie de glicoproteínas altamente polimórficas, 

también llamadas antígenos leucocitarios humanos (HLA), codificadas en más de 200 

genes ubicados en el brazo corto del cromosoma 6 [35] (Figura 6).  

Figura 6. Representación esquemática del HLA en el cromosoma 6 [59]. 
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Cada combinación particular de genes en los alelos presentes en un cromosoma 

individual se conoce como haplotipo HLA. Los haplotipos HLA se heredan de manera 

codominante, es decir un haplotipo completo de la madre y otro del padre, de manera 

que hay 4 combinaciones posibles [60]. La expresión de los genes es simultánea por lo 

que se maximiza el número de moléculas HLA capaces de intervenir en la respuesta 

inmune. La variabilidad resultante es muy útil cuando el organismo se enfrenta a 

infecciones por patógenos extraños, pero supone una dificultad, si se quiere encontrar 

dos individuos que compartan identidad HLA.  

Estas proteínas transmembrana forman una cavidad a partir de dos cadenas 

pesadas donde se ubica un antígeno particular [35]. Según el patrón de alta afinidad, 

este complejo se une a un receptor especifico de los linfocitos T (TCR) para iniciar la 

activación celular. La interacción entre HLA y TCR, además de ser esencial en la 

defensa contra microorganismos, es fundamental para la diferenciación de los 

linfocitos T en el timo, ya que dirige los procesos de selección positiva y negativa que 

dan lugar a la autotolerancia [61]. Tras el aloTPH, este mecanismo de diferenciación 

permite que nuevos linfocitos T surjan a partir de los progenitores hematopoyéticos 

del donante dando lugar a la reconstitución inmune [62].  

Existen dos clases principales de HLA [60]: 

- Las moléculas HLA de clase I, codificadas por los genes ubicados en los locus A, B y C.

Están presentes en todas las células nucleadas del organismo y se encargan de la 

presentación antigénica a los linfocitos T citotóxicos (CD8+).  

- Las moléculas HLA clase II, codificadas por los genes ubicados en los locus DR, DQ y

DP. Se encuentran solo en la superficie de las CPA. Contribuyen a la presentación de 

antígenos a los linfocitos T colaboradores (CD4+). 

Hay una tercera clase de moléculas HLA, menos polimórficas, en la que se 

reconocen diferentes tipos de proteína que también pueden generar una respuesta 

aloinmune, entre ellas se encuentra diferentes componentes del complemento y 

citoquinas inflamatorias como el TNF [35].  
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Aunque las condiciones de identidad sean óptimas entre el donante y el 

receptor, la expresión de otra variedad de péptidos endógenos localizados en 

diferentes genes que conforman el complejo menor de histocompatibilidad (mHA) 

puede provocar una respuesta alorreactiva de los linfocitos T del donante y, en 

consecuencia, la EICR en los pacientes trasplantados con progenitores de donantes 

emparentados (DE) o DnE HLA idénticos [63, 64].  

El descubrimiento de los HLA cambió drásticamente los resultados del aloTPH 

[65, 66]. La elección del donante óptimo se basa en la identidad antigénica, 

considerando que la identidad completa se tiene cuando el donante y el receptor 

comparten los locus HLA-A, B, C y DR (identidad 8/8) o HLA-A, B, C, DR, DP y DQ 

(identidad 10/10). Bajo esta premisa y conociendo la baja disparidad genética entre 

familiares y su proximidad física, los hermanos HLA idénticos se convirtieron en la 

mejor opción en el momento de elegir el donante ideal. Sin embargo, según las leyes 

de herencia mendeliana con carácter codominante, la posibilidad de que un individuo 

tenga un hermano HLA idéntico no supera el 30% [67].   

La baja probabilidad de tener un DE HLA idéntico, motivó la creación de los 

registros internacionales de donantes de médula ósea. Actualmente, estas 

organizaciones tienen información referente al HLA de más de 36 millones de 

donantes voluntarios [68]. Estos datos han permitido realizar trasplantes de DnE con 

identidad completa o parcial (diferencia en uno de los locus del HLA [7/8]). Más 

recientemente, la disparidad en el 50% de los locus (haploidentidad) se ha incorporado 

al grupo de donantes opcionales (trasplante haploidéntico familiar). La sangre de 

cordón umbilical (SCU) también surgió como una fuente alternativa de progenitores 

hematopoyéticos, fácilmente extraíble tras el parto y sin riesgos para las madres ni los 

recién nacidos, pero con una compatibilidad en el HLA menos probable (6/6) [69].    

Según el Registro Español de Donantes de Medula Ósea (REDMO), la 

probabilidad de encontrar un DnE HLA 10/10 o 9/10 en el primer mes de búsqueda 

está alrededor del 60% y en el segundo mes del 90% [70] (Figura 7). Los pacientes que 

no puedan esperar ese tiempo para recibir el aloTPH o estén en el 10% restante 

deberán optar por donantes alternativos [71].  
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               Figura 7. Probabilidad actual de encontrar un DnE HLA 10/10 o 9/10 [70]. 

 

Varios estudios comparativos han demostrado que los resultados del trasplante 

son peores según aumenta el número de incompatibilidades en el HLA entre el 

donante y el receptor [72-74]. El aloTPH a partir de donantes no HLA idénticos sigue 

siendo un reto terapéutico. Los trasplantes de DnE HLA 7/8 se han asociado 

históricamente a una menor supervivencia global (SG) y libre de progresión (SLP), así 

como a una mayor MRT y mayor incidencia de EICRa que los trasplantes de DnE HLA 

8/8 [72] (Figura 8). Cada disparidad adicional se asocia a una disminución de la 

supervivencia entorno a un 10% [75, 76].  
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Figura 8. Supervivencia de pacientes con enfermedad incipiente, intermedia y avanzada según la 
disparidad HLA entre donante y receptor [72]. 

 

Los avances relacionados con la tipificación del HLA, la reducción del daño 

orgánico con los acondicionamientos no-mieloablativos, el tratamiento y prevención 

de las infecciones, y la profilaxis de la EICR se han traducido en menores tasas de MRT 

y en consecuencia mejores resultados para los pacientes trasplantados, incluso cuando 

existen diferencias en el HLA [77, 78]. Estas mejoras han conducido a un cambio en la 

estrategia de elección de los donantes con un uso cada vez más frecuente de los DnE y 

haploidénticos [79] (Figura 9).  
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     Figura 9. Evolución de la elección del tipo de donante en Europa de 1990 a 2021 según la EBMT [79].  

         

3.2.3. Otros factores de riesgo para EICR: fuente y dosis de progenitores 

hematopoyéticos 

La incidencia y gravedad de la EICR dependen de múltiples factores. La 

compatibilidad HLA mencionada anteriormente es el más importante, pero también se 

han estudiado otros como la diferencia de sexo o etnia entre donante y receptor, la 

edad avanzada de los pacientes y donantes, la intensidad del régimen de 

acondicionamiento, la profilaxis ineficaz de la EICR, la fuente de progenitores 

hematopoyéticos (MO vs. SP) y la cantidad de células hematopoyéticas contenidas en 

el injerto [80, 81].  

En la actualidad, la SP ha sustituido casi por completo a la MO como fuente 

progenitores hematopoyéticos [70]. La aféresis de las células madre de SP (CMSP) 

permite la obtención de una mayor cantidad de células CD34+ y evita las dificultades 

logísticas que supone la punción de la MO.   

Una de las principales preocupaciones relacionadas con el trasplante de SP es el 

elevado número de células T del donante presentes en los injertos y el riesgo mayor de 
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EICR. En estudios retrospectivos y ensayos clínicos con trasplantes de DnE con 

acondicionamientos mieloablativos y profilaxis estándar de la EICR, la SP en 

comparación con la MO se asoció con un aumento de la incidencia de EICRa grado II-IV 

y crónica, pero también demostró una recuperación hematopoyética más rápida y una 

menor tasa de fallo de implante [82, 83]. En los trasplantes de DE, la asociación entre 

la SP como fuente de progenitores y una mayor incidencia de EICR ha sido significativa 

solo para las formas crónicas [84].  

La dosis de células CD34+ en el injerto se ha asociado con la estabilidad del 

implante, la supervivencia de los pacientes, pero también el riesgo de desarrollar EICR 

[85, 86].  

Múltiples trabajos se han publicado al respecto, con diferentes categorías de 

dosis y en distintos tipos de trasplante usando como fuente de progenitores tanto MO 

como SP, administrando esquemas de profilaxis clásicos para la EICR. Las conclusiones, 

aunque con cierta disparidad, coinciden en que un número bajo de progenitores en el 

injerto afecta negativamente a la SG y aumenta la MRT [87-89]. En concreto, las dosis 

bajas de células CD34+ se han asociado especialmente y de manera significativa con el 

desarrollo de infecciones fúngicas [90].  

Por otro lado, los estudios con diferentes dinteles demuestran que las dosis 

altas de progenitores hematopoyéticos favorecen una recuperación más rápida de 

neutrófilos y plaquetas en cualquier contexto, y se asocian con una disminución en la 

mortalidad relacionada con el procedimiento, así como con una mayor SG y SLP [91-

94].  

A pesar de todo ello, los extremos del rango óptimo de la dosis de células 

madre hematopoyéticas del injerto en el aloTPH no están del todo establecidos. Se ha 

reportado que cantidades superiores a 8 x 106/Kg de células CD34+ predisponen al 

desarrollo de EICRc clínicamente significativa [85-97]. De hecho, las dosis 

excesivamente altas de CD34+ pueden empeorar los resultados del trasplante, como 

es el caso de los pacientes que reciben injertos con más de 11 x 106/Kg de progenitores 

que presentan menores tasas de SG [98]. 
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3.2.4. Impacto de la EICR en los resultados del aloTPH  

La EICR tiene un impacto tanto positivo como negativo en los resultados del 

aloTPH.  

Varios estudios han demostrado la correlación entre la EICR y un posible efecto 

antileucémico [99, 100]. Los pacientes que desarrollan EICRa y/o crónica presentan 

una menor incidencia de recaída, especialmente cuando la enfermedad está en 

estadios avanzados [101, 102]. De hecho, la depleción de linfocitos T en el injerto 

como estrategia para controlar la EICR, favorece la recidiva de la enfermedad [103]. 

Esta asociación constituye la justificación principal para el uso de la infusión de 

leucocitos del donante en las recaídas post-trasplante [104] y se ha relacionado con el 

control de la enfermedad mínima residual [105, 106]. Sin embargo, dicho control 

puede deberse a factores independientes de la presencia o ausencia de EICR 

clínicamente evidente [107].  

A pesar de esta menor incidencia de recaída, el posible beneficio en la SG esta 

contrarrestado por una mayor MRT. La EICR puede ser una causa de muerte directa 

por insuficiencia orgánica o indirecta, al predisponer al receptor a infecciones 

potencialmente mortales y al desarrollo de cánceres [108, 109].   

Según el informe epidemiológico del Centro para la Investigación Internacional 

de Trasplante de Medula Ósea (CIBMTR) del 2022, la EICR es la principal causa de MRT 

después del fallo orgánico específico y de las infecciones, independientemente del tipo 

de donante utilizado en el trasplante (Figura 10).   
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Figura 10. Causas de muerte en trasplante de DnE 2018-2020 según la CIBMTR [110].  

 
 

Aunque los avances en el procedimiento de aloTPH han supuesto una mejoría 

de la SG, la mortalidad en los pacientes con EICR sigue siendo alta y se asocia 

directamente con la gravedad de las manifestaciones clínicas. Para los pacientes con 

EICRa, a mayor grado de compromiso tisular o cuantos más órganos se encuentren 

comprometidos a la vez, menor será la probabilidad de alcanzar una respuesta 

completa al tratamiento instaurado [111] y peor será la supervivencia post-trasplante 

[112, 113]. Los pacientes que presentan una EICRa grado I tienen una probabilidad de 

sobrevivir mayor al 90%, mientras que con grados II y III-IV la SG a 1 año es del 70% y 

40%, respectivamente [114, 115]. 

La EICRc constituye la principal causa de pérdida auto-percibida de calidad de 

vida a largo plazo en el aloTPH y de muerte tardía relacionada con el tratamiento 

[116]. El incremento de la mortalidad de los pacientes con EICRc es especialmente 

significativo en aquellos con compromisos tisulares extensos, en los que se reconoce 

como un factor de riesgo independiente de muerte [117, 118]. 
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3.3. Prevención de la EICR 

Además de la cuidadosa elección del donante, la inmunosupresión 

farmacológica ha sido el pilar fundamental en la prevención de la EICR.  

Los avances farmacológicos basados en un conocimiento más profundo de la 

fisiopatología de la EICR y la realización de múltiples ensayos clínicos comparativos han 

permitido diseñar esquemas profilácticos más eficaces y menos tóxicos [119, 120] 

(Figura 11). Según la Sociedad Europea de Trasplante de Sangre y Medula Ósea 

(EBMT), la incidencia de EICRa grado II-IV y grado III-IV durante 2011-2015 fue 

significativamente inferior a la del periodo 1990-1995 (28% y 11% vs. 40% y 19%, 

respectivamente, p<0.001) con una mortalidad también significativamente menor 

(36% vs. 47%) [119].  

Figura 11. Línea temporal de los cambios en las estrategias profilácticas de la EICR [121]. 

3.3.1. Profilaxis convencional 

Tradicionalmente, los mejores resultados en el aloTPH se han conseguido con la 

combinación de un inhibidor de calcineurina (ICN) como ciclosporina (CsA) o 

tacrólimus (Tac) con un medicamento antiproliferativo como el metotrexato (MTX), 

más que con el uso de cada uno de ellos en monoterapia [122-124]. La elección entre 

uno u otro tipo de ICN es controvertida. Sin embargo, ensayos clínicos aleatorizados 
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han demostrado que la incidencia de EICRa en pacientes que recibieron Tac/MTX es 

significativamente menor que en los que reciben CsA/MTX, aunque en términos de SG 

no se encontraron diferencias entre ambos grupos [125, 126].  

Tras la instauración de los RIC, el uso de micofenolato de mofetilo (MMF) se 

extendió en la práctica clínica habitual, con un perfil de toxicidad menor que el MTX y 

una recuperación hemoperiférica más rápida [127,128]. Estas ventajas han tenido 

especial interés en el contexto de los trasplantes no mieloablativos, de cordón 

umbilical y haploidéntico [129-131].         

La eliminación de los linfocitos T alorreactivos del injerto ha sido otra de las 

estrategias estudiadas para prevenir la EICR. La depleción ex-vivo de linfocitos T 

mediante la selección negativa de células T en el injerto ha sido eficaz para disminuir la 

incidencia de EICR, sin embargo, se asocia a un aumento en el riesgo de infecciones 

graves, fracaso del injerto y una elevada tasa de recaída de la enfermedad [132-134]. 

Este incremento en el riesgo de recaída y MRT es menor cuando la depleción 

linfocitaria se realiza a través de la selección positiva de células CD34+ [135-137].  

La administración de globulina anti-timocítica (ATG) es la estrategia más 

utilizada para la linfodepleción in-vivo. Al ser policlonal, el anticuerpo reconoce los 

antígenos presentes en los linfocitos T y también aquellos que están en la superficie de 

otras células como los linfocitos B, células dendríticas, natural killer o células 

epiteliales, por lo que su acción se hace extensiva a todo el sistema inmune [138]. 

Ensayos clínicos aleatorizados han demostrado una reducción significativa del riesgo 

de EICRa y crónica con mejor SLP en los trasplantes de SP con DE o DnE HLA idéntico 

cuando se administra ATG junto con un ICN y MTX o MMF [139-141]. Sin embargo, los 

beneficios no se han traducido en una mejor SG a largo plazo y sí en un aumento de la 

toxicidad relacionada con el procedimiento [138, 142, 143].   

Otra estrategia de depleción linfocitaria in vivo es la administración de altas 

dosis ciclofosfamida post-trasplante (Post-Transplant Cyclophosphamide, PTCy) con 

resultados muy favorables en los trasplantes de donantes haploidénticos [144]. A 

continuación, describimos de forma más detallada este tipo de profilaxis. 
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      3.3.2. Profilaxis con ciclofosfamida post-trasplante  

En los inicios del aloTPH en los años 60, la ciclofosfamida (Cy) fue utilizada 

como la base del acondicionamiento por su potente capacidad antitumoral e 

inmunosupresora. Santos y Owens demostraron además que, usándola a altas dosis en 

los días 2-5 post-trasplante en modelos murinos, era altamente eficaz en la prevención 

de la alorreactividad [145, 146, 147]. Debido a la preocupación sobre el efecto que Cy 

podría tener a esas dosis sobre el injerto hematopoyético, los estudios posteriores la 

utilizaron en bajas dosis hasta que finalmente fue desplazada por la CsA [148].  

La Cy tiene una actividad antiproliferativa secundaria a la creación de enlaces 

cruzados irreversibles entre las cadenas de DNA que impiden la replicación celular 

[149]. La investigación sobre el efecto de la Cy en el control de la EICR ha mostrado 

que el fármaco actúa con mayor intensidad en la fase G1 y S del ciclo celular. Cuando 

se administra tras la infusión de los progenitores hematopoyéticos, su acción se dirige 

principalmente hacia los linfocitos del donante que se están replicando tras la 

interacción con el antígeno desconocido del receptor, controlando así la 

alorreactividad inicial post-trasplante [150, 151] (Figura 12). Este efecto no perjudica el 

injerto porque los progenitores hematopoyéticos tienen concentraciones altas de 

aldheído-deshidrogenasa (ALDH), enzima que inactiva a la mostaza fosforamida, uno 

de los metabolitos efectores del fármaco, al convertirla en carboxiciclofosfamida [149, 

152]. Los linfocitos T reguladores CD4+ también cuentan con elevadas concentraciones 

de ALDH, especialmente los primeros días tras la infusión, lo que les hace resistentes a 

la Cy y les permite una expansión inicial que contribuye al control de los linfocitos 

alorreactivos residuales y a la instauración de la inmunotolerancia periférica [153, 154] 

(Figura 13).  
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Figura 12. Mecanismo de acción PTCy. Adaptación de Luznik y cols [151].  

 

    

 

 Figura 13. Inactivación de la Cy tras la acción de la ALDH en los linfocitos T CD4+. Adaptación de Kanakry   
 y cols [154] y Jonge y cols 2005 [155]. 

 

La depleción selectiva de linfocitos T probablemente se acompaña de un 

deterioro funcional inducido por el fármaco sobre las células T alorreactivas 

supervivientes. Este efecto podría contribuir al control de la alorreactividad en el post-

trasplante tardío [156, 157].  

La depleción clonal intratímica de los precursores de células T alogénicas del 

donante es otro efecto sobre el control de la EICR que se le reconoce a la Cy, y que se 

ha relacionado con una tolerancia inmunológica a largo plazo que respeta el injerto 

hematopoyético [151, 158, 159].  
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Durante el inicio de la década de los dos mil, estudios preclínicos en modelos 

murinos realizados por L. Luznik y cols. en Baltimore demostraron que la 

administración de Cy a altas dosis en el post-trasplante precoz (PTCy) promueve la 

tolerancia de los linfocitos T alorreactivos del receptor y el donante en un contexto de 

disparidad parcial del HLA, lo que podría llevar a disminuir el fallo del injerto y la EICR 

en los trasplantes haploidénticos [160, 161].  

Ensayos clínicos posteriores con trasplantes no-mieloablativos de donantes 

haploidénticos de MO y profilaxis contra la EICR con 50mg/kg de PTCy los días +3 y +4 

post-trasplante seguidas de Tac y MMF demostraron bajas incidencias de EICRa grados 

II-IV (34%) y III-IV (6%) a los 200 días de la infusión, y una menor tendencia al 

desarrollo de EICRc extensa (5%), con aceptables tasas de fallo de injerto primario 

(13%), MRT (15%) y recaída al año (51%). La SG y SLP a los 2 años fueron del 36% y el 

26%, respectivamente [144, 162].    

Estos resultados se confirmaron en ensayos clínicos multicéntricos en cohortes 

más amplias, donde la SG para los trasplantes haploidénticos de MO con RIC y 

regímenes profilácticos para la EICR basados en PTCy superó el 60% y la incidencia 

acumulada de EICRa grado II-IV a los 100 días fue de 32% [163]. Los beneficios de la 

PTCy sobre la MRT y la SG también se constataron en cohortes de trasplantes 

haploidénticos de SP acondicionados con regímenes mieloablativos [164-166].  

El éxito de la tolerancia inmunológica inducida por la PTCy en el contexto del 

trasplante haploidéntico ha hecho que los donantes con identidad parcial se 

conviertan en una alternativa segura y asequible, con resultados comparativamente 

similares a los obtenidos en los trasplantes de DE y DnE HLA idénticos con profilaxis 

estándar de la EICR [167-170]. 

En los primeros estudios dentro del entorno del trasplante de MO con DE o DnE 

HLA idéntico y regímenes mieloablativos, la PTCy demostró ser eficaz en monoterapia 

con tasas de SG y SLP a los 2 años de 55% y 39%, respectivamente. Aunque los 

beneficios de PTCy se vieron reflejados, espacialmente, en la baja incidencia de EICRc 

(10%), la incidencia de EICRa II-IV fue alta (43%) [171-173]. Los resultados de la PTCy 

en monoterapia fueron peores en el contexto de los trasplantes de SP por lo que la 
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recomendación de asociar el agente alquilante con otros inmunosupresores, siguiendo 

el esquema propuesto en el trasplante haploidéntico, ha seguido vigente [174].  

Por otro lado, la estrategia de profilaxis basada en PTCy demostró ser 

significativamente superior a la combinación de un ICN con MTX en trasplantes de SP 

de DE o DnE con o sin diferencias en el HLA en cuanto a la prevención de EICRa y 

crónica. Los trasplantes con PTCy experimentaron un tiempo de recuperación de 

neutrófilos y plaquetas más prolongado y una mayor incidencia de infecciones, pero 

sin impacto en la SG. PTCy logró una supervivencia sin recaída libre de EICR superior 

que la observada en la rama de profilaxis estándar [175-177]. Ensayos clínicos 

prospectivos multicéntricos también concluyeron que la triada PTCy, Tac y MMF es 

superior a MTX, Tac y bortezomib o maraviroc cuando se comparan con la profilaxis 

estándar [178].  

En trasplantes de DnE con diferencias en el HLA, también se han reportado 

resultados prometedores cuando se administra PTCy más un ICN o sirólimus y MMF o 

MTX [179-182]. En estos estudios la incidencia de EICRa grado II-IV varió del 15 al 37% 

y la de EICRc del 17 al 30%. Comparativamente, los esquemas basados en PTCy 

mostraron menores incidencias de EICRa  II-IV y III-IV que los esquemas basados en 

ATG [179, 180].    

Son muy pocos los estudios que proponen el uso de la PTCy en combinación 

con un solo inmunosupresor. En el contexto del trasplante de SP de DnE HLA 7/8, 

nuestro grupo de trabajo reportó que PTCy más Tac, se asocia con resultados 

comparables en términos de incidencia de EICRa, MRT, SG y SLP con la de los 

trasplantes de DnE HLA idénticos y profilaxis convencional [183]. Estos resultados han 

inspirado a nuestro grupo a realizar investigaciones posteriores y la presente Tesis 

Doctoral.   
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3.4. EICR y endotelio  

El endotelio es un órgano activo y extenso que regula la homeostasis vascular y 

la respuesta inflamatoria del organismo. Entre muchas otras funciones, las células 

endoteliales (CE) intervienen en la regulación de la adhesión y migración celular, la 

coagulación y la permeabilidad vascular [184, 185]. En condiciones inflamatorias, el 

endotelio experimenta cambios estructurales que dan lugar a un incremento en la 

entrada y salida de células inmunitarias desde y hacia los tejidos afectados [186, 187].  

Antes, durante y después del aloTPH, el endotelio puede activarse por 

diferentes motivos. Los regímenes de acondicionamiento, la reactividad alogénica del 

injerto, el uso de inmunosupresores profilácticos, las citoquinas liberadas por los 

tejidos lesionados, la traslocación de endotoxinas del tracto gastrointestinal o las 

infecciones son causas reconocidas de activación endotelial [188-192] (Figura 14). Un 

estímulo intenso o mantenido puede llevar a un estado irreversible de disfunción del 

endotelio que puede progresar hasta el proceso proinflamatorio, procoagulante y 

proapoptótico característico de las complicaciones post-trasplante de origen 

endotelial. [193].  

  

Figura 14. Activación y daño endotelial [194]. 
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Los linfocitos T alorreactivos del injerto pueden reconocer como extraños a los 

antígenos HLA en la superficie de las CE del receptor e iniciar la lesión endotelial en los 

órganos diana de la EICR [192, 195, 196]. Sin embargo, el daño endotelial no es sólo 

una consecuencia de la EICR, sino que también se reconoce como un posible 

desencadenante [197]. Las CE dañadas y los procesos inflamatorios mediados por el 

endotelio vascular constituyen parte del inicio de la expresión antigénica incompatible 

que interviene en las primeras fases de esta complicación del post-trasplante.  

La primera evidencia de lesión vascular inmunomediada se obtuvo en las 

biopsias de piel de pacientes con EICRa cutánea, donde se comprobaron depósitos 

perivasculares de factor de Von Willebrand (VWF) [198, 199]. En otras muestras 

tisulares de pacientes con EICRa se demostró la pérdida de trombomodulina (TM) 

endotelial y el aumento de la expresión de moléculas de adhesión como ICAM-1 y 

VCAM-1 [200-202]. Más recientemente, análisis histológicos en modelos murinos han 

evidenciado alteraciones graves en la microestructura endotelial y una angiogénesis 

temprana que favorece la transmigración leucocitaria hacia los órganos afectados por 

la EICR [26, 203]. 

Las citoquinas proinflamatorias circulantes como TNF-α, IFNγ, IL-1 e IL-6 

también están elevadas durante la EICRa como consecuencia de la activación 

endotelial [204, 205] (Figura 15). La unión de TNF-α a su receptor en las CE (TNFR1) 

activa una cascada compleja de eventos de señalización donde intervienen VCAM-1, E-

selectina e ICAM-1 y que facilita el tránsito de leucocitos a las zonas afectadas [206]. A 

su vez, esta señalización produce una elevación de la angiopoetina-2 (Ang-2), que 

aumenta la permeabilidad vascular y la neovascularización [192, 207].  
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   Figura 15. Factores que intervienen en la activación del endotelio en la EICR [208]. 

Los niveles de CE circulantes (CEC), micropartículas y microvesículas 

endoteliales aumentan cuando se produce una lesión endotelial [209, 210]. Su 

presencia en sangre se ha asociado con el diagnóstico, seguimiento y predicción de 

EICRa [211, 192].      

Varios de estos biomarcadores plasmáticos de activación y daño endotelial se 

han relacionado con el diagnóstico, el pronóstico y la respuesta al tratamiento de las 

principales complicaciones de origen endotelial en el aloTPH (Tabla 1). Ejemplo de ello 

son los factores procoagulantes como el VWF o la TM soluble, las moléculas de 

adhesión como VCAM-1, ICAM-1, P selectina o E selectina, las moléculas angiogénicas 

como la Ang-2, los factores de crecimiento del endotelio vascular como el VEGF, los 

mediadores proinflamatorios como el TNFR1 soluble, las IL2, IL8 o L-ficolina, las 

micropartículas o microvesículas endoteliales (VEs), y las CEC  [194, 212, 213]. 
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Complicaciones 
endoteliales 

Diagnóstico Predicción y pronóstico 

SOS ST2, Ang-2, L-Ficolina, Ac H, 

VCAM-1, PAI-1 Ag, VEs, MiRNA 

L-Ficolina, Ac H, VCAM-1, 

ICAM-1, E-selectina, EASIX 

Síndrome de implante TNFR1 VWF, TNFR1 

Síndrome de fuga capilar VEGF, Ang-2  

MAT-AT 
NETs, sC5b-9 

Haptoglobina decreciente 

ST2, NETs, sC5-b9, VCAM-1, 

E-selectina, Factor Ba 

EICRa 
VWF, TNFR1, IL-2, IL-8, HGF, 

CEC, TIM3, VEs, miR155 

Ang-2, TM, HGF, IL-8, IL-2, 

TNFR1, ICAM-1, VCAM-1, E-

selectina, MAGIC (ST2, 

REG3a), ST2, NETs, VEs, 

miR155 

SNI / DAD ICAM-1, VCAM-1, eNOS, Ang-2  

   SNI, Síndrome de neumonía idiopática; DAD, Daño alveolar difuso; Ac H, Ácido hialurónico; HGF, factor de    
   crecimiento de hepatocitos; eNOS, óxido nítrico sintasa endotelial  

Tabla 1. Biomarcadores diagnósticos y pronósticos de las principales complicaciones de origen 
endotelial. Adaptación de Moreno y cols [213] y Lia y cols [194].   

 
Estudios experimentales in-vivo han demostrado que algunos de estos 

biomarcadores tienen un papel relevante en la predicción del síndrome de obstrucción 

sinusoidal (SOS), la microangiopatía asociada con el trasplante (MAT-AT) y la EICR. 

Incluso se han propuesto como potenciales dianas terapéuticas [194, 212, 213]. 

En concreto, los biomarcadores que han demostrado una capacidad predictiva 

para la EICRa se muestran en la Tabla 1. Entre los más destacados se encuentran el 

VWF y el TNFR1, cuyos valores altos a día +7 post-trasplante han demostrado tener un 

valor predictivo positivo para EICRa hasta del 90% [214]. Los niveles altos de Ang-2 

medidos el día +21 del trasplante también se han relacionado con un mayor riesgo de 

EICRa, así mismo los niveles persistentemente altos de Ang-2 y TM soluble se han 

propuesto como marcadores de EICRa refractaria a corticoides [215, 216].  

El aumento de otras moléculas como las fibras extracelulares formadas a partir 

del DNA de doble cadena (dsDNA) liberado por los neutrófilos tras su activación en el 

contexto del daño endotelial, conocidas como trampas extracelulares de neutrófilos 

(NET), también se han asociado con un posible aumento de la mortalidad y el 
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desarrollo de EICRa gastrointestinal al medirlas en los días +30, +60 y +100 del 

trasplante [217].   

La identificación de diferentes biomarcadores solubles ha permitido el diseño 

de paneles para el diagnóstico y la estratificación pronóstica. Los investigadores del 

Consorcio Internacional de EICR Aguda del Monte Sinaí (MAGIC) desarrollaron y 

validaron un algoritmo basado en un modelo compuesto por dos biomarcadores de 

daño endotelial del tracto gastrointestinal, el supresor de tumorigenicidad 2 (ST2) y el 

derivado de islotes regeneradores 3-α (REG3α). Estos biomarcadores demostraron ser 

capaces de identificar a los pacientes con alto riesgo de EICRa grave y mayor MRT 

antes de la aparición de los síntomas, al inicio de los mismos y después del 

tratamiento, especialmente cuando existe refractariedad a corticoides [218, 219, 220]. 

En solitario, los niveles elevados de ST2 el día +28 pueden ser útiles para predecir la 

probabilidad de EICRa, la MRT y la SG [221]. 

Otros biomarcadores más asequibles se han estudiado también para predecir la 

evolución de los pacientes con EICR o el riesgo de desarrollar otras complicaciones 

relacionadas con el endotelio vascular. Algunos estudios sugieren que la trombopenia 

inferior a 100 x 109/L podría ser un factor predictivo de mortalidad en pacientes con 

EICRc [222]. El Índice de Estrés y Activación Endotelial (EASIX), definido por la fórmula 

LDH (U/L) x creatinina (mg/dL)/plaquetas (x 109/L), se desarrolló como un biomarcador 

indirecto de disfunción endotelial. Estudios recientes demuestran que EASIX, cuando 

se mide en diferentes momentos antes y después del trasplante, es útil para predecir 

la mortalidad en pacientes con EICRa, el ingreso en UCI y el desarrollo de MAT-AT o 

SOS [223-227]. Las ventajas demostradas por EASIX, nos motivaron a estudiar su 

potencial capacidad predictiva para la EICRa en uno de los trabajos de la presente Tesis 

Doctoral. 
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3.5. Programa de AloTPH en el Hospital Clínic de Barcelona 

El programa de aloTPH en el Hospital Clínic de Barcelona (HCB) se inició a 

mediados de los años 70. Durante la última década, más de 500 pacientes han recibido 

un aloTPH en nuestro hospital. La leucemia aguda y los síndromes mielodisplásicos son 

las principales indicaciones del procedimiento. El uso de DnE con o sin compatibilidad 

HLA ha ido aumentado hasta llegar a representar un 74% en el periodo comprendido 

entre 2019 a 2021. La proporción de trasplantes haploidénticos se ha duplicado, 

pasando de un 12% en el 2012 a un 24% en el 2023 (Figura 16).  

        Figura 16. Cambios en la elección del donante del 2012 al 2023 en la Unidad de aloTPH del HCB. 

El protocolo institucional de profilaxis para la EICR ha variado a lo largo del 

tiempo. Antes de la introducción de la PTCy, el esquema de profilaxis estándar 

consistía en CsA más MTX para los trasplantes con acondicionamientos mieloablativos 

y Tac más MMF para los trasplantes con RIC. La PTCy más Tac y MMF se administró por 

primera vez el 2013 únicamente en trasplantes haploidénticos. Desde 2014, el 

esquema se extendió al aloTPH de DnE con una diferencia en el HLA (7/8). Con la 

intención de reducir la toxicidad y promover la reconstitución inmune más temprana 
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se eliminó el MMF del esquema profiláctico.  PTCy más Tac (PTCy/Tac) se implementó 

posteriormente en los aloTPH de DnE HLA 8/8 (2016) y DE HLA 8/8 (2019). 

Actualmente más del 90% de los trasplantes realizados en nuestro centro reciben 

profilaxis para la EICR con PTCy 50mg/kg/d administrada los días +3 y +4 del trasplante, 

seguidos de Tac 0,03mg/kg/d desde el día +4 hasta el día +90 a dosis terapéutica y con 

una reducción progresiva de la dosis en ausencia de EICR hasta el día +180 (Figura 17). 

     

 

 Figura 17. Cronología de la introducción de la PTCy en la Unidad de aloTPH del HCB. 

 

Globalmente, con esta estrategia de prevención de la EICR en nuestra 

institución, la incidencia de EICRa grado II-IV a los 100 días y EICRc moderada-grave al 

año son del 25,3% y 2,8%, respectivamente (Figura 18). La SG, SLP y supervivencia sin 

recaída libre de EICR al año son del 84,2%, 78,6% y 71,6%, respectivamente, mientras 

que la MRT y la incidencia de recaída al año son del 12,1% y 9,3%. Todo ello ha 

supuesto una mejoría significativa en comparación con la experiencia previa.    
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Figura 18. Datos sobre EICRa grado II-IV, EICRc moderada-severa y supervivencia libre de progresión y 
EICR significativa del 2012 al 2023 en el HCB. 

 

Sin duda alguna, la prevención y el tratamiento de la EICR son aspectos de gran 

relevancia en la investigación de cara a mejorar los resultados del aloTPH. Los 

esfuerzos científicos se han dirigido a mejorar los esquemas profilácticos y al estudio 

de biomarcadores con alto valor predictivo que permitan identificar de manera precoz 

los pacientes a riesgo de desarrollar esta complicación. La presente Tesis Doctoral 

aspira a contribuir al conocimiento en este campo.    

 

 

 

 

 

 

 

 

 

 

 



4. HIPOTESIS

La enfermedad injerto contra receptor (EICR) es una de las complicaciones más 

frecuentes y graves del trasplante alogénico de progenitores hematopoyéticos. La 

investigación dirigida a mejorar las estrategias de profilaxis e identificar biomarcadores 

predictivos de EICR es una prioridad para los equipos de trasplante.  

En los últimos años, hemos asistido a una importante mejoría en la prevención 

de la EICR gracias al uso de altas dosis de ciclofosfamida post-trasplante (PTCy). En un 

contexto tan complejo como el trasplante haploidéntico, donde la disparidad HLA es 

máxima, PTCy ha reducido de forma significativa la incidencia de las formas graves de 

EICR, tanto aguda como crónica, convirtiendo este tipo de trasplante en un estándar 

en multitud de centros a lo largo del mundo. La experiencia de PTCy con donantes 

convencionales (emparentados y no emparentados) es mucho menor. En este 

escenario nos planteamos las siguientes hipótesis:  

1. Al igual que sucede en el trasplante haploidéntico, PTCy también es eficaz y

segura en la prevención de EICR en los receptores de trasplantes de

donantes no emparentados HLA idénticos o con una diferencia antigénica.

Esta eficacia se mantiene incluso con un esquema reducido de

inmunosupresión consistente en PTCy con tacrólimus en lugar de PTCy más

tacrólimus y micofenolato de mofetilo.

2. En el ámbito de la profilaxis de la EICR con PTCy, la dosis de células CD34+

infundida a los pacientes afecta a los resultados del trasplante.

3. El Índice de Activación y Estrés Endotelial (EASIX) es equiparable a algunos

biomarcadores plasmáticos de actividad y daño endotelial post-trasplante.

Ambos son capaces de predecir del riesgo de desarrollar EICR aguda.
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5. OBJETIVOS

El objetivo principal de la presente Tesis Doctoral ha sido evaluar los resultados 

del uso de altas dosis de ciclofosfamida post-trasplante (PTCy) más tacrólimus como 

profilaxis de la EICR en el trasplante alogénico de progenitores hematopoyéticos de 

donantes no emparentados en nuestro centro, en este contexto, analizar el impacto de 

la dosis de progenitores hematopoyéticos sobre los resultados del trasplante y la 

capacidad predictiva para EICR del Índice de Estrés y Activación Endotelial (EASIX) y de 

algunos biomarcadores de lesión endotelial.  

Los objetivos específicos planteados fueron: 

1. Evaluar si PTCy más tacrólimus equipara los resultados del trasplante a partir de

donantes no emparentados con una diferencia antigénica en el HLA con los del

trasplante de donantes no emparentados HLA idéntico. En concreto, comparar

entre ambos grupos la recuperación hematopoyética y reconstitución inmune, la

incidencia acumulada de EICR aguda y crónica, las incidencias acumuladas de

recaída y de mortalidad no relacionada con la recaída, y las probabilidades de

supervivencia libre de progresión y de supervivencia global.

2. Calcular el punto de corte óptimo de la dosis de células CD34+ infundidas para

mejorar los resultados del trasplante en una cohorte de pacientes cuya profilaxis

para la EICR se realizó con esquemas basados en PTCy.

3. Investigar la dinámica post-trasplante de los biomarcadores plasmáticos de

actividad endotelial: antígeno del factor Von Willebrand (VWF:Ag), molécula de

adhesión de células vasculares (VCAM-1) y receptor del factor de necrosis tumoral

α (TNFR1), y del EASIX, así como la correlación entre dichos parámetros y su

capacidad predictiva de EICR aguda.
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6. MATERIAL METODOS Y RESULTADOS

6.1. Profilaxis de la EICR con altas dosis de ciclofosfamida y tacrólimus en el 

trasplante de donante no emparentado con y sin identidad HLA. 

“High-dose Cyclophosphamide and Tacrolimus as GVHD Prophylaxis for Matched and 

Mismatched Unrelated Donor Transplantation.” 

El régimen profiláctico óptimo para la EICR en el aloTPH de DnE con disparidad 

en un solo locus del HLA no está establecido. El uso de PTCy tras el trasplante 

haploidéntico es capaz superar el impacto negativo que tienen las diferencias en el 

HLA sobre la supervivencia, por lo que podría ser también una opción eficaz en el 

aloTPH con una sola disparidad antigénica. Sin embargo, la información disponible en 

este contexto es limitada. Por otro lado, la mayoría de los estudios publicados hasta la 

fecha de nuestra investigación han utilizado el modelo original del trasplante 

haploidéntico que combina tres inmunosupresores: PTCy, ICN y MMF. En este trabajo, 

analizamos los resultados del aloTPH de DnE HLA 7/8 con la combinación PTCy y Tac y 

los comparamos con los DnE HLA 8/8 usando el mismo esquema de profilaxis para la 

EICR.  

Se analizaron retrospectivamente los datos clínicos de 109 pacientes, 

receptores de un aloTPH de DnE HLA 7/8 (n=55) y DnE HLA 8/8 (n=54) en nuestro 

centro. La fuente de progenitores hematopoyéticos fue principalmente la SP (98%). No 

se observaron diferencias entre los aloTPH de DnE HLA 7/8 y DnE HLA 8/8 con respecto 

a la incidencia acumulada de EICRa grado II-IV (31% vs 32%, p=0,9) y III-IV (9% vs 7%, 

p=0,7) a los 100 días, ni diferencia en la EICRc moderada-grave a los 2 años (18% vs 

14%, p=0,8). 

Ambos grupos mostraron una incidencia acumulada similar de MRT al 1 año 

(13% vs 9%, p=0,5) y tasas de recaída a los 3 años (24% vs 25%, p=0,7). La SLP y la SG a 

los 3 años para los aloTPH de DnE HLA 7/8 y DnE HLA 8/8 fueron del 56% y 57% (p=0,9) 

y del 64% y 65% (p=0,6), respectivamente. La probabilidad de sobrevivir a los 3 años 

sin EICRc moderada-grave ni recaída fue del 56% y del 55%, respectivamente.  
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En conclusión, la profilaxis de la EICR con PTCy y Tac consigue tasas bajas de 

EICRa grave y EICRc, así como buenos resultados en la supervivencia de los pacientes 

que reciben un aloTPH de SP tanto DnE HLA 7/8 como de DnE HLA 8/8. Esta estrategia 

profiláctica es capaz de superar el impacto negativo que supone la disparidad del HLA 

en un solo locus. 
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A B S T R A C T
The optimal prophylaxis regimen for graft-versus-host disease (GVHD) in the setting of single-locus mismatched
unrelated donor (MMUD) allogeneic hematopoietic stem cell transplantation (alloHSCT) is unclear. The use of
high-dose post-transplant cyclophosphamide (PTCy) after haploidentical transplantation is effective at overcom-
ing the negative impact of HLA disparity on survival. Limited information is available regarding the efficacy of this
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with tacrolimus for MMUD and matched unrelated donor (MUD) alloHSCT. We performed a retrospective analysis
of 109 consecutive recipients of alloHSCT from unrelated donors (MMUD, n = 55; MUD, n = 54) in a single center.
Graft source was primarily peripheral blood (98%). No differences were observed between the MMUD and MUD
groups with respect to 100-day cumulative incidence of grade II to IV acute GVHD (aGVHD; 31% versus 32%,
respectively, P = .9), grade III to IV aGVHD (9% versus 7%, P = .7), and moderate/severe chronic GVHD (cGVHD) at
2 years (18% versus 14%, P = .6). Both groups showed similar cumulative incidence of 1 year nonrelapse mortality
(13% versus 9%; P = .5) and 3-year relapse rates (24% versus 25%, P = .7). Progression-free survival and overall sur-
vival at 3 years for MMUD and MUD were 56% and 57% (P = .9) and 64% and 65% (P = .6), respectively. The 3-year
probability of survival free of moderate/severe cGVHD and relapse was 56% and 55%, respectively. GVHD prophy-
laxis with PTCy and tacrolimus achieves low rates of severe aGVHD and cGVHD, as well as good survival outcomes,
in recipients of both MMUD and MUD peripheral blood alloHSCT. This strategy overcomes the negative impact of
single-locus HLA disparity.
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The optimal prophylaxis regimen for graft-versus-host dis-
ease (GVHD) in the setting of unrelated donor allogeneic
hematopoietic stem cell transplantation (alloHSCT) remains
challenging, especially in the case of single-locus mismatched

HLA unrelated donors (MMUDs). Historically, donor-recipient
HLA compatibility has been the leading factor that predicts the
outcome of alloHSCT; indeed, multiple studies report that
overall results get worse as the degree of HLA mismatch
increases, which is due to higher rates of GVHD, graft failure,
and nonrelapse mortality (NRM) [1-6]. Unfortunately, a signifi-
cant proportion of patients have no available HLA-matched
related donor or unrelated donor (MUD). In this situation, the
alternative donor sources are haploidentical donors, cord
blood progenitor cells, or MMUDs; for all of these cases, new
and improved GVHD prophylaxis regimens are needed.
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Several strategies aiming to improve the results of MMUD
alloHSCT have been explored, including in vivo T cell depletion
(TCD) with anti-thymocyte globulin (ATG), which has become
the standard of care at many centers [7-9]. Although TCD
reduces the incidence of GVHD, it is associated with delayed
immune reconstitution, resulting in increased relapse risk and
serious infections after transplant. GVHD prophylaxis with
high-dose post-transplant cyclophosphamide (PTCy) plus
tacrolimus and mycophenolate mofetil (MMF), pioneered by
Luznik et al. [10] in 2008, is currently a successful and widely
utilized method for haploidentical alloHSCT that significantly
reduces the incidence of severe acute GVHD (aGVHD) and
chronic GVHD (cGVHD) and increases survival. More recently,
some studies report promising results after using triple GVHD
prophylaxis based on the haploidentical model with PTCy, cal-
cineurin inhibitors, and methotrexate (MTX) or MMF for
MMUD transplants [11-14]. According to these studies, the
incidence of grade II to IV aGVHD ranges from 15% to 37% and
that of cGVHD from 17% to 30%. The optimal combination of
immunosuppressant (IS) drugs to add to PTCy is not yet
defined, and most published studies are based in the triplet
haplo-schedule. A previous study from our center reports simi-
lar results using a model of MMUD transplantation based on
peripheral blood stem cell (PBSC) grafts and a GVHD prophy-
laxis protocol comprising double therapy with PTCy and tacro-
limus rather than triple IS drugs [15]. Based on these results,
we established PTCy plus tacrolimus as the standard of care at
our institution for both MMUD and MUD.

Here, we performed a retrospective analysis of the safety and
efficacy of PTCy plus tacrolimus for unrelated alloHSCT and com-
pared the outcomes of MMUD andMUD in a single institution.

MATERIALS ANDMETHODS
Patients and Donors

This study, performed at the Hospital Clínic in Barcelona (Spain) between
February 2015 and December 2019, analyzed data from 109 consecutive
patients who underwent unrelated alloHSCT for malignant hematologic dis-
eases using PTCy-based GVHD prophylaxis. Eligibility criteria for transplant
were as follows: age, 18 to 69 years; an Eastern Cooperative Oncology Group
performance status �2; left ventricular ejection fraction �35%; forced expira-
tory volume in 1 second and forced vital capacity �40% of predicted; ade-
quate hepatic function (total bilirubin �3.0 mg/dL or absence of clinically
significant liver disease); and lack of a familiar HLA-identical donor. Patients
with previous alloHSCT were excluded.

All unrelated donor/recipient pairs were typed by high resolution for
allelic level for HLA-A, HLA-B, HLA-Cw, HLA-DRB1, and HLA-DQB1. For
patients who did not have a 10/10 HLA-matched related or MUD, a search
was performed based on a single HLA mismatch at HLA-A, HLA-B, HLA-Cw, or
HLA-DRB1 (7/8 HLA mismatch). Standard methodology was used to detect
donor-specific anti-HLA antibodies. Other donor selection criteria, in order of
priority, were as follows: matched cytomegalovirus (CMV) IgG serologic sta-
tus, a male donor for a male recipient, major ABO compatibility, and minor
ABO compatibility. The protocol received institutional review board approval,
and all participants provided signed informed consent.

Treatment Protocol and Supportive Care
Specific conditioning regimens used were based on the type of hematologic

disease and patient characteristics in accordance with institutional protocols.
Patients aged>50 years or previously submitted to an autologous HSCT received
a reduced-intensity conditioning (RIC) regimen; otherwise, myeloablative con-
ditioning (MAC) regimens were administered. All patients received fludarabine-
based conditioning schemes (fludarabine 30 to 40mg/m2/d for 4 days) in combi-
nation with busulfan (3.2 mg/kg/d for 4 days for MAC or 3 days for RIC), total
body irradiation (12 Gy for MAC or 8 Gy for RIC), melphalan (70 mg/m2 for 2
days), cyclophosphamide (14.5 mg/kg for 2 days) plus 2 Gy total body irradia-
tion, or a sequential conditioning regimen consisting of fludarabine 30 mg/m2/d
for 5 days, cytosine arabinoside 2 g/m2 for 5 days, idarubicin 12 mg/m2 for
3 days, and melphalan 70mg/m2 for 2 days (Table 1).

All patients received GVHD prophylaxis with high-dose PTCy (50 mg/kg i.
v. once daily on days +3 and +4), along with Mesna at 80% of the cyclophos-
phamide dose (divided into 4 doses), followed by tacrolimus (0.03 mg/kg as a
24-hour i.v. perfusion) from day +5. Serum levels of tacrolimus were main-
tained between 5 and 15 ng/mL. No adjustments of tacrolimus doses were

performed according to the Disease Risk Index (DRI). Tacrolimus was contin-
ued until day +90 and then tapered if GVHD grades II to IV were absent. ATG
or alemtuzumab was not administered. Colony-stimulating factors or CMV
prophylaxis were not given routinely.

Antimicrobial prophylaxis was administered according to our institu-
tional practice guidelines. Standard prophylaxis included levofloxacin from
day 0 until neutrophil engraftment, fluconazole until day +60, and acyclovir
until day +365 (for patients who were seropositive for herpes simplex virus).
Standard Pneumocystis jirovecii prophylaxis was used until CD4+ T cell recov-
ery (>200 cells/mL) and/or until immunosuppression was discontinued. CMV
quantitative PCR was performed weekly through to at least day +60, and pre-
emptive therapy was initiated if viral reactivation was detected (a PCR result
above 1000 UI/mL or 2 consecutive rising values), according to standard rec-
ommendations.

Definitions
Neutrophil recovery was defined as the first of 3 consecutive days with

an absolute neutrophil count (ANC) of >0.5 £ 109/L after transplantation.
Platelet recovery was defined as a platelet count of >20 £ 109/L without
transfusion in the 7 preceding days. Donor chimerism was assessed by PCR-
based amplification of polymorphic short tandem repeat regions in periph-
eral blood samples taken on days +30, +60, and +90. Chimerism analysis was
performed using separated myeloid and T cell lymphoid fractions whenever
possible. Complete donor chimerism was defined as detection of >95% donor
DNA in a sample.

Primary graft failure was defined as the absence of ANC recovery
(>0.5 £ 109/L) before day +28, which was maintained for 3 consecutive days,
with a platelet count of <20 £ 109/L, hemoglobin level of <80 g/L, and the
need for transfusion support.

Toxicity was scored using Common Terminology Criteria for Adverse
Events version 5. Veno-occlusive disease was graded using the Baltimore cri-
teria, and hemorrhagic cystitis was considered significant when macroscopic
hematuria was present in the absence of other clinical conditions. aGVHD
was scored using the Glucksberg criteria, and cGVHD was defined and scored
according to the current National Institutes of Health consensus criteria [16].

Statistical Analysis
Categorical variables related to patients, disease, and transplant proce-

dure were represented as frequencies and proportions and statistically com-
pared by the x2 or Fisher exact test. Quantitative variables were summarized
as median and interquartile range (IQR) and compared by the Mann-Whitney
test. NRM was defined as the time from alloHSCT to death in the absence of
prior relapse/progression. The relapse rate was calculated as the time from
alloHSCT to relapse/progression. NRM and relapse rate events were consid-
ered competing risks. Progression-free survival (PFS) was defined as the time
from alloHSCT to relapse/progression or death from any cause, and overall
survival (OS) was defined as the time from alloHSCT to death from any cause.
A composite endpoint, defined as survival-free moderate/severe cGVHD and
relapse (cGRFS), was also studied. This endpoint was calculated as the time
from alloHSCT to the onset of moderate/severe cGVHD, to relapse/progres-
sion, or to death from any cause.

Estimates of NRM, aGVHD, cGVHD, and disease relapse were calculated
using cumulative incidence curves to accommodate competing risks. Death
in remission was considered a competing risk for relapse, disease progression
as a competing risk for NRM, and death from all causes as a competing risk for
GVHD. The probabilities of OS, PFS, and cGRFS were estimated using the
Kaplan-Meier method and compared by univariate Cox regression, which
was also used to analyze the prognostic impact of all variables on PFS and OS.
Median follow-up was estimated by the reverse Kaplan-Meier method. Sta-
tistical significance was defined at the .05 level. Analysis was performed
using the SPSS statistical software (IBM SPSS statistics version 22.0; SPSS,
Inc., Chicago, IL, USA) and STATA 11 (StataCorp LP, College Station, TX, USA).

RESULTS
Patient, Transplants, and Graft Characteristics

The characteristics of patients and transplants in the
MMUD (n = 55) and MUD (n = 54) groups were comparable
(Table 1). The median age of the total study population was
53 years. Acute leukemia and myelodysplastic syndrome were
the most frequent transplant indications (65%). Most patients
(88%) had intermediate- and high-risk disease, as by the
refined DRI [17]. PBSC was the predominant graft source
(98%). The median follow-up for all patients in the MMUD and
the MUD groups was 3.0 (IQR, 1.9 to 3.1) years and 2.0 (IQR,
1.7 to 4.5) years, respectively.
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Table 1
Patient and Transplant Characteristics According to the Type of Donor

Variable All Patients (N = 109) 7/8 MMUD (n = 55) 8/8 MUD (n = 54) P Value

Age, median (IQR), yr 53 (41-62) 51 (40-60) 53 (42-63) .3

Donor age, median (IQR), yr 31 (25-37) 29 (23-36) 32 (27-38) .2

Female/male, No. 46 / 63 23 / 32 23 / 31 .9

Diagnosis .4

Acute leukemia/myelodysplastic syndrome 71 (65) 37 (67) 34 (63)

Chronic lymphoproliferative syndromes 18 (17) 7 (13) 11 (20)

Chronic myeloproliferative syndromes 18 (17) 9 (16) 9 (17)

Multiple myeloma 2 (2) 2 (4) —

Disease status .5

Complete response 69 (63) 34 (62) 35 (65)

Partial response 29 (27) 15 (27) 14 (26)

Active disease 11 (10) 6 (11) 5 (9)

DRI .7

Low 13 (12) 7 (13) 6 (10)

Intermediate 52 (48) 25 (45) 27 (50)

High 44 (40) 23 (42) 21 (39)

Conditioning regimen .7

Myeloablative 50 (45) 25 (49) 25 (46)

FLUBU4 32 (29) 16 (29) 16 (30)

FLUTBI 12 Gy 18 (17) 9 (16) 9 (17)

Reduced intensity 59 (54) 30 (53) 29 (55)

FLUBU3 44 (40) 19 (34) 25 (46)

FLUTBI 8 Gy 5 (5) 3 (5) 2 (4)

FLUMEL 1 (1) 1 (2) 0

IDA/FLAG/MEL 8 (7) 7 (13) 1 (2)

FLU/CFM/TBI2Gy 1 (1) 0 1 (2)

Comorbidity score (HCT-CI) .3

�3 86 (79) 48 (87) 38 (70)

>3 23 (21) 7 (13) 16 (30)

Donor/recipient sex .2

Female/female 17 (16) 8 (15) 9 (17)

Female/male 19 (17) 12 (22) 7 (13)

Male/female 29 (27) 15 (27) 14 (26)

Male/male 44 (40) 20 (36) 24 (44)

Donor/recipient CMV status .5

Negative/negative 20 (18) 6 (11) 14 (26)

Negative/positive 36 (33) 22 (40) 14 (26)

Positive/negative 7 (6) 2 (4) 5 (9)

Positive/positive 46 (42) 25 (45) 21 (39)

HLA mismatch

HLA A 21(38) 21(38) —

HLA B 15 (27) 15 (27) —

HLA C 13 (23) 13 (23) —

HLA DR 6 (11) 6 (11) —

Graft source .6

Bone marrow 2 (4) 2 (4) —

Peripheral blood 107 (98) 53 (96) 54 (100)

CD34 £ 106/kg, median (IQR) 5.7 (4.2-7.1) 6.0 (4.2-7.2) 5.6 (4.2-6.6) .5

CD3 £ 106/kg, median (IQR) 257 (170-344) 231 (163-343) 276 (170-359) .4

Follow-up, median (IQR), yr 2.2 (1.7-3.6) 3.0 (1.9-3.1) 2.0 (1.7-4.5) <.001

Values are presented as number (%) unless otherwise indicated.
HCT-CI indicates hematopoietic cell transplantation comorbidity index.
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Engraftment and Chimerism
Time to neutrophil recovery was similar for both groups of

patients (median, 18 days [IQR, 15 to 21 days] for MMUD and
20 days [IQR, 18 to 22 days] for MUD, P = .2). No significant dif-
ferences were observed between groups in platelet engraft-
ment (median, 14 days [IQR, 12 to 19 days] for MMD and
14 days [IQR, 12 to 22 days] for MUD, P = .6). Primary graft fail-
ure occurred in 1 patient in the MMUD group and in no
patients in the MUD group. Full donor chimerism in either
CD3+ or unsorted cells was achieved in 40 of 49 (82%) and 40
of 50 (80%) evaluable patients in the MMUD and MUD groups,
respectively, by day 60.

Immune Reconstitution
Recovery of CD3+/CD4+ and CD3+/CD8+ lymphocytes was sim-

ilar between theMMUD and MUD groups, with a median time to
achieve >200 CD3+/CD4+ cells/mL of 240 days (IQR, 208 to 333)
for MMUD and 241 days (IQR, 210 to 313) for MUD (P = .7).

aGVHD and cGVHD
The cumulative incidence of aGVHD by day +100 was simi-

lar between the MMUD and MUD groups: grades II to IV (31%
versus 32%; Standardized Hazard Ratio, 0.9; 95% CI, 0.5 to 1.8;
P = .9) and grades III to IV (9% versus 7%; SHR, 1.3; 95% CI, 0.3
to 4.7; P = .7) (Figure 1A,B). Skin was the most affected organ
in both groups (51% of the aGVHD cases; grades II to IV, 30%),
followed by the gastrointestinal tract (23%; grades II to IV,
17%), and hepatic aGVHD (6%; grades II to IV, 4%). Twenty-four
percent of patients developed multiple-organ involvement.
Steroid-refractory aGVHD was observed in 10 and 7 patients
in MMUD and MUD groups, respectively (18% versus 13%,
P = .3).

There was no difference between the groups with respect to
the cumulative incidence of 2-year global cGVHD (33% versus
19%; SHR, 1.8; 95% CI, 0.8 to 3.8; P = .1) or moderate to severe
cGVHD (18% versus 14%; SHR; 1.3; 95% CI, 0.5 to 3.4; P = .6)
(Figure 1C,D). Of the patients who were alive at 12 and 24 months
after transplantation, the percentage of patients without relapse

Figure 1. Cumulative incidences of acute and chronic GVHD according to type of donor (MMUD versus MUD). (A) aGVHD grade II to IV, (B) aGVHD grade III to IV, (C)
global cGVHD, and (D) moderate to severe cGVHD. Death and relapse were competing events for GVHD.

Figure 2. Probability of NRM (A) and cumulative incidence of relapse (B) according to type of donor (MMUD versus MUD). Death was a competing event for relapse
and relapse for NRM.
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and free of IS drugs was high, without significant differences
between MMUD and MUD groups (80% versus 88% at 12 months,
P = .4, and 84% versus 94% at 24months, P = .3, respectively).

NRM, Cause of Death, Toxicity, and Relapse
There were no significant differences in the cumulative inci-

dence of NRM at 1 year between the MMUD and MUD groups
(13% versus 9%; SHR = 1.5; 95% CI, 0.5 to 4.1; P = .4) (Figure 2A).
In the MMUD group, the causes of nonrelapse death were sys-
temic and pulmonary toxoplasmosis (n = 2), multimicrobial sep-
tic shock (n = 2), aGVHD (n = 2), thrombotic microangiopathy
(n = 1), melanoma (n = 1), and lung neoplasia (n = 1). In the MUD
group, 4 nonrelapse deaths were recorded (septic shock, n = 2;
cryptogenic pneumonia, n = 1; and severe intestinal aGVHD,
n = 3).

No differences were found between groups regarding the
incidence of moderate to severe oral and/or gastrointestinal
mucositis (31% for MMUD versus 35% for MUD; P = .2). The
incidence of sinusoidal obstruction syndrome was 4%. The inci-
dence of hemorrhagic cystitis was 22% in the MMUD group
and 15% in the MUD group (P = .3). All cases of hemorrhagic
cystitis were associated with poliomavirus BK infection. All
patients were managed with hyperhydration; 6 patients
required continuous bladder irrigation, but no severe forms of
hemorrhagic cystitis were observed.

Five (9%) and 2 (4%) patients in the MMUD and MUD groups,
respectively, developed proven or probable invasive pulmonary
aspergillosis (P = .2). There were also no significant differences
between the groups regarding the rate of severe bacterial infec-
tion (15% in the MMUD group versus 13% in the MUD group;
P = .8). CMV reactivation occurred in 31 of 47 (66%) of seroposi-
tive MMUD patients and in 20 of 35 (57%) of seropositive MUD
patients (P = .41). There were no significant differences between
the MMUD and MUD groups with respect to the median time to
first CMV reactivation (37 versus 38 days after transplant; P = .2)
or duration of first CMV reactivation treatment (15 versus 19
days; P = .14). The incidence of CMV disease was higher in the
MMUD than in the MUD group (16% and 3%, respectively;

P = .03). Six patients had gastrointestinal CMV disease (5 colitis, 1
gastritis), and 2 had CMV retinitis in the MMUD group; only 1
patient in MUD group had CMV disease (pneumonitis). Thirty-
eight percent of CMV reactivations and 78% of CMV disease
occurred in the context of GVHD and steroid treatment. No dif-
ferences between groups were found in the type of conditioning
or in the incidence of aGVHD or steroid-refractory aGVHD. The
higher incidence of CMV disease in the MMUD group could be
partially explained by the fact that, although not statistically dif-
ferent, the proportion of high-risk CMV seropositive patients
(donor negative/recipient positive) was higher in the MMUD
(40%) in comparison to MUD group (26%) (Table 1).

The cumulative incidence of relapse at 3 years was similar
between the MMUD and MUD groups (24% and 25%, respec-
tively; SHR, 0.8; 95% CI, 0.4 to 1.9; P = .7) (Figure 2B).

Survival
Seventy-four (70%) of the 109 patients are currently alive, with

a median follow-up for all patients of 2.2 years (IQR, 1.7 to 3.6). OS
at 3 years was 61% for the whole cohort, with no significant differ-
ences between theMMUD andMUD groups (64% versus 65%; haz-
ard ratio [HR], 1.2; 95% CI, 0.6 to 2.3; P = .6) (Figure 3A). Estimated
PFS at 3 years was 56%, with comparable results for MMUD and
MUD (56% versus 57%; HR, 1.0; 95% CI, 0.5 to 1.8; P = .9)
(Figure 3B). Survival free of moderate/severe cGVHD and relapse
(cGRFS) at 3 years was 56% for MMUD and 55% for MUD (HR, 1.0;
95% CI, 0.5 to 1.8; P = 1.0) (Figure 3C). Univariate analysis of other
variables that could affect OS, PFS, and cGRFS, including patient
age, the hematopoietic cell transplantation specific comorbidity
index, DRI, and conditioning type did not identify any statistical
differences.

DISCUSSION
The results of our single-institution retrospective study

suggest that use of a simpler GVHD prophylaxis protocol with
PTCy in combination with tacrolimus is effective at preventing
GVHD after MMUD PBSC alloHSCT. Moreover, the incidence of
GVHD, NRM, and relapse is comparable to that of MUD

Figure 3. Kaplan-Meyer estimates (§90%) of (A) OS, (B) PFS, and (C) cGRFS, according to the type of donor MMUD versus MUD.
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Table 2
Summary of the Results of Recent Studies in AlloHSCT Using MMUD and PTCy-Based GVHD Prophylaxis

Series Patient Population GVHD Prophylaxis Conditioning
Regimen

NRM Relapse Rate Acute GVHD Chronic GVHD OS PFS

Pedraza et al. Retro-
spective study

MMUD N = 55 ver-
sus 7/8 MUD N = 54

PTCy + TCR MAC 48%
RIC 52%

1-year
13% versus 9%
(P = .4)

3-year
24% versus 25%
(P = .7)

II-IV: 31% versus
32% (P = .9)
III-IV: 9% versus 7%
(P = .7)

1-year
Global 33% versus
19% (P = .1)
Moderate/severe
18% versus 14%
(P = .6)

3-year
64% versus 65%
(P = .6)

3-year

(P = .9)

Battipaglia et al.11

Retrospective study
9/10 MMUD
N = 272

PTCy + CSP/
TCR + MMF/MTX,
N = 93 versus
ATG + CSP/
TCR + MMF/MTX,
N = 179

MAC 50%
RIC 50%

2-year
16% versus 29%
(P = .06)

2-year
29% versus 37%
(P = .31)

II-IV: 30% versus
32% (P = .39)
III-IV: 9% versus 19%
(P<0.04)

2-year extensive
17% versus 20%
(P = .31)

2-year
56% versus 38%
(P = .07)

2-year
55% versus 34%
(P<0.05)

Soltermann et al.12

Retrospective study
MMUD
N = 80

PTCy + CSP + MMF,
N = 22 versus
ATG + CSP/
TCR + MMF/MTX,
N = 58

MAC 56%
RIC 44%

1-year
5% versus 28%
(P = .07)

1-year
18% versus 15%
(P = .74)

II-IV: 15% versus
50% (P = .006)

26% versus 35%
(P = .14)

1-year
91% versus 64%
(P = .008)

1-year
77% versus 57%
(P = .11)

Mehta et al.13 Pro-
spective study

9/10 MMUD N = 113
(7/8 MMUD N = 84)

PTCy + TCR + MMF,
N = 41 versus
ATG + TCR + MTX,
N = 72

MAC 48%
RIC 52%

2-year 35% vs
25%
(P > .5)

2-year 20% vs
31%
(P > .5)

II-IV: 37% versus
36% (P = .8)
III-IV: 17% versus
12% (P = .5)

2-year 30% versus
42%
(P = .6)

2-year 52% vs 40%
(P > .5)

2-year 42% vs 38%
(P> .5)

Gaballa et al.14 Pro-
spective study

9/10 MMUD N = 46 PTCy + TCR + MMF RIC 100% 1-year 31% 1-year 19% II-IV: 33%
III-IV: 13%

2-year 19% 1-year 60% 1-year 47%

Kasamon et al.18

Prospective study
9/10 MMUD N = 11
8/10 MMUD N = 4
>7/10 MMUD N = 5

PTCy + MMF + SIR RIC 100% 1-year 0%
2-year 6%

1-year 35% II-IV: 20%
III-IV: 0%

1-year 16% 3-year 62% 3-year 52%

Lorentino et al.19

Retrospective study
MUD N = 305
9/10 MMUD N = 159

PTCy alone or in
combination with
other drugs

MAC 54%
RIC 46%

2-year 20%
2-year 16%
(P = .15)

2-year 24%
2-year 28%
(P = .41)

II-IV: 28% versus
28% (P = .84)
III-IV: 10% versus 8%
(P = .51)

2-year 35% versus
44% (P = .21)

2-year 62% versus
59% (P = .86)

2-year 56% versus
56% (P = .64)

TCR indicates tacrolimus; CSP, cyclosporine; SIR, sirolimus.
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transplants using the same GVHD prophylaxis regimen, which
translates into similar survival outcomes.

Several strategies, including ATG and, more recently, PTCy-
based GVHD prophylaxis, have been used in an attempt to improve
the historically unfavorable outcomes of MMUD alloHSCT [11-
15,18]. ATG has been considered the standard of care for MMUD
alloHSCT for years at many centers [7,8]. Some recent studies have
retrospectively compared the outcomes of MMUD transplantation
using ATG with that using PTCy, both in combination with calci-
neurin inhibitors plus MMF or MTX (Table 2) [11-13]. The Euro-
pean Society for Blood and Marrow Transplantation (EBMT)
performed a matched-pair analysis comparing patients receiving
PTCy with those receiving ATG [11]. The authors observed lower
rates of grade III to IV aGVHD and similar rates of grade II to IV
aGVHD and cGVHD using PTCy compared with ATG. Furthermore,
PTCy was associated with significantly superior survival outcomes
in terms of PFS and GRFS. Incidences of aGVHD and cGVHD, PFS,
and OS observed in our study using PTCy plus tacrolimus were
similar to that reported in the PTCy arm of the EBMT study.
Recently, Soltermann et al. [12] explored the efficacy of a modified
PTCy protocol using a reduced dose (40 mg/kg) of PTCy combined
with 2 IS drugs and compared the results with those receiving
ATG. In that study, the incidence of aGVHD grades II to IV was sig-
nificantly lower in the PTCy group, and a trend for lower incidence
of cGVHD andNRMwas observed. PTCy patients had a better prog-
nosis in terms of 1-year OS, with similar PFS, than ATG patients.
Finally, Mehta et al. [13], in a prospective study using mostly bone
marrow grafts, did not find differences between PTCy-based and
ATG groups with respect to the incidence of aGVHD, cGVHD, NRM,
relapse rates, PFS, or OS.

Our results are in agreement with studies using PTCy in
combination with calcineurin inhibitors plus MMF or MTX
(Table 2) [11-14,19]. The question of what is the optimal com-
bination of IS added to PTCy remains a matter of debate.
Although single-agent PTCy after MAC HLA-matched trans-
plant and bone marrow stem cells has proved feasible, an
excessive aGVHD and NRM have been reported with the use of
PBSCs, suggesting that additional IS drugs are needed in this
context [20-23]. In the setting of MUD and MMUD alloHSCT,
most studies have been performed using GVHD prophylaxis
schedules based on the triplet haploidentical GVHD prophy-
laxis schedule (PTCy combined with a calcineurin inhibitor
plus MMF, MTX, or sirolimus) (Table 2) [11-14,18,19]. In a ret-
rospective study from the EBMT, Ruggeri et al. [24] analyzed
423 patients who received HLA-matched related and unrelated
alloHSCT and PTCy alone or in combination with other IS drugs
as GVHD prophylaxis. In a multivariate analysis, in comparison
to PTCy alone, the addition of 2 IS drugs was associated with
significant reduced risk of NRM and extensive cGVHD, as well
as with higher OS. It should be noted that, in contrast to the
group of PTCy alone, a significant proportion of patients in the
groups of 1 (36%) or 2 (49%) IS drugs also received TCD. On the
contrary, in a recently published study comparing patients
receiving MUD versus MMUD with PTCy alone or in combina-
tion with 1 or 2 ISs, any outcome differences between groups
stratifying for the total number of IS drugs were observed [19].
Cumulative incidence of aGVHD at 100 days (grades II to IV,
28% for MUD and 28% for MMUD; grades III to IV, 10% and 8%,
respectively) and cGVHD at 2 years (35% and 44%) was very
similar to that observed in our study using PTCy plus tacroli-
mus. It is also worth mentioning that in our study, most
patients alive and without relapse were free of IS drugs at 12
and 24 months post-transplant in both groups.

The present study has the same inherent limitations as
other retrospective analyses. However, it also has some

strengths. These include the fact that all patients were treated
consecutively at a single institution using the same donor
selection criteria, conditioning regimen protocols, and sup-
portive care protocols.

In summary, our data suggest that a GVHD prophylaxis plat-
form comprising PTCy plus tacrolimus results in outcomes for 7/
8 HLA-MMUD similar to those of MUD. Although these data
require confirmation in larger and randomized prospective trials,
the results are promising and may help to expand the donor pool
for patients who lack an HLA-matched or unrelated donor.
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6.2. Efecto de la dosis de células CD34+ en los resultados del trasplante alogénico con 

el uso de altas dosis de ciclofosfamida.  

“Effect of CD34+ cell dose on the outcomes of allogeneic stem cell transplantation 

with post-transplant cyclophosphamide.” 

La influencia de la dosis de progenitores hematopoyéticos infundidos sobre los 

resultados del aloTPH con profilaxis estándar de la EICR sigue generando controversia. 

La información referente a este tema es escasa en el caso de los trasplantes alogénicos 

con esquemas profilácticos para la EICR basados en PTCy. En este trabajo nos 

propusimos evaluar el efecto que tiene la cantidad de células CD34+ contenidas en los 

injertos de SP sobre los resultados del trasplante con PTCy.  

Realizamos un análisis retrospectivo de los datos clínicos y analíticos de 221 

pacientes, receptores de un aloTPH con PTCy de DE (n=22), DnE HLA idéntico 8/8 

(n=83), DnE con una disparidad antigénica HLA 7/8 (n=73) y donantes haploidénticos 

(n=43) en nuestro centro. Basándonos en el método de partición binaria y tomando en 

cuenta la SG como variable principal, se propuso 5 x 106/kg como valor de corte 

óptimo para la dosis de células CD34+. De acuerdo con nuestro protocolo institucional, 

la dosis máxima de células CD34+ infundida se limitó a 8 x 106/kg. De esta manera, la 

cohorte de estudio se dividió en 2 grupos: dosis alta (de 5 a 8 x 106/kg células CD34+) y 

dosis baja (≤ 5 x 106/kg células CD34+). 

Los pacientes que recibieron injertos con dosis altas de células CD34+ tuvieron 

una mediana de tiempo hasta el injerto de neutrófilos y plaquetas significativamente 

más corta que los que recibieron injertos con dosis bajas (19 vs. 21 días, p=0,002; 16 

vs. 22 días, p=0,04, respectivamente). No hubo diferencias entre los grupos de dosis 

altas y bajas en las incidencias acumuladas de EICRa grado II-IV (25% vs. 23%, p=0,7) y 

III-IV (5% vs 4%, p=0,4) a los 100 días, o EICRc moderada-grave a los 2 años (9% vs 6%,

p=0,5). La dosis de células CD34+ no tuvo ningún efecto sobre la supervivencia de los 

trasplantes de DE, DnE HLA 8/8 o DnE HLA 7/8. Sin embargo, en los aloTPH de 

donantes haploidénticos con dosis bajas de células CD34+, la SG y la SLP fueron 

significativamente inferiores (HR 6,01, p=0,004 y HR 4,57, p=0,004, respectivamente). 
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Estos resultados indican que en los aloTPH de SP con PTCy, la infusión de 5 a 8 x 

106/kg células CD34+ se asoció con un injerto de neutrófilos y plaquetas más rápido, 

independientemente del tipo de donante utilizado. La dosis de células CD34+ sólo 

impactó en los resultados de supervivencia de los trasplantes haploidénticos, donde la 

administración de ≤ 5 x 106/kg progenitores afectó negativamente la supervivencia de 

los pacientes.  
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A B S T R A C T
The impact of infused CD34+ cell dose on outcomes after allogeneic hematopoietic stem cell transplantation (alloHSCT)
using standard graft-versus-host disease (GVHD) prophylaxis remains controversial. Information on this subject is
scarce for alloHSCT using high-dose post-transplantation cyclophosphamide (PTCy). We aimed to assess the effect of
CD34+ cell dose in peripheral blood stem cell (PBSC) grafts on the outcome of alloHSCT using PTCy-based GVHD pro-
phylaxis. To do so, we conducted a single-center retrospective analysis of 221 consecutive adult patients who under-
went PTCy alloHSCT from HLA-matched sibling donors (MSDs; n = 22), HLA-matched unrelated donors (MUDs;
n = 83), mismatched unrelated donors (MMUDs; n = 73), and haploidentical donors (n = 43). Based on the binary par-
titioning method, 5 £ 106/kg was used as the optimal cutoff for CD34+ cell dose. According to our institutional proto-
col, the maximum CD34+ cell dose was capped at 8 £ 106/kg. The study cohort was divided into 2 groups based on
CD34+ cell dose: high dose (>5 to 8 £ 106/kg) and low dose (�5 £ 106/kg). Patients receiving high-dose CD34+-con-
taining grafts had significantly shorter median times to neutrophil engraftment and platelet engraftment compared to
those who received low-dose CD34+ (19 days versus 21 days [P = .002] and 16 days versus 22 days [P = .04], respec-
tively). There were no differences between the high-dose and low-dose groups in the cumulative incidence of day
+100 acute GVHD (grade II-IV: 25% versus 23% [P = .7]; grade III-IV: 5% versus 4% [P = .4], respectively) or 2-year
chronic GVHD (moderate/severe GVHD: 9% versus 6%; P = .5). There was no impact of CD34+ cell dose on survival out-
comes with the use of MSDs, MUDs, or MMUDs. Recipients of haploidentical alloHSCT using low-dose CD34+ cells had
significantly worse overall survival (hazard ratio [HR], 6.01; P = .004) and relapse-free survival (HR, 4.57; P = .004). In
recipients of PBSC PTCy alloHSCT, infused CD34+ cell doses >5 to 8 £ 106/kg were associated with faster neutrophil
and platelet engraftment, independent of donor type. Our study suggests an impact of CD34+ cell dose on survival out-
comes only with haploidentical donors, for whom the administration of a CD34+ cell dose �5 £ 106/kg significantly
decreased survival outcomes.

Published by Elsevier Inc. on behalf of The American Society for Transplantation and Cellular Therapy.
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INTRODUCTION
Post-transplantation high-dose cyclophosphamide (PTCy)

has become an increasingly popular approach for graft-versus-
host disease (GVHD) prophylaxis in allogeneic hematopoietic

stem cell transplantation (alloHSCT), not only in the context of
haploidentical alloHSCT [1], but also in transplants from HLA-
matched sibling donors (MSD), matched unrelated donors
(MUDs), and mismatched unrelated donors (MMUDs) [2�6].
As in alloHSCT using other GVHD prophylaxis strategies,
peripheral blood stem cells (PBSCs) are considered as the graft
source of choice in many PTCy alloHSCTs because of their ease
of collection and richness in CD34+ cells. However, the impact
of graft cell dose on clinical outcomes after transplantation has
not been evaluated in detail in the PTCy setting.
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The vast majority of analyses reported to date evaluating
the influence of graft cell dose on survival outcomes after
transplantation has been performed in patients undergoing
alloHSCT using standard (ie, non-PTCy) GVHD prophylaxis.
These studies have reported inconsistent results that can be
explained by differences in disease categories, donor type, con-
ditioning regimen, and GVHD prophylaxis. Low CD34+ cell
dose, defined by different thresholds depending on the study,
has been associated with higher rates of nonrelapse mortality
(NRM) and inferior overall survival (OS) [7,8]. On the other
hand, high CD34+ cell dose has been associated with faster
neutrophil and platelet engraftment but a higher incidence of
clinically significant chronic GVHD and relapse [9�13]. In any
case, these findings may not be applied to the PTCy platform,
which is associated with a significantly lower risk of GVHD.

The aim of this study was to assess the impact of infused
CD34+ cell dose on PBSC PTCy alloHSCT outcomes.

METHODS
Patients and Donors

This study, performed at the Hospital Clínic in Barcelona, Spain between
March 2013 and July 2021, analyzed data from 221 consecutive patients who
underwent their first peripheral blood alloHSCT for malignant hematologic
disease using PTCy-based GVHD prophylaxis. Eligibility criteria for transplan-
tation were age 18 to 69 years, Eastern Cooperative Oncology Group Perfor-
mance Status �2, left ventricular ejection fraction �35%, forced expiratory
volume in 1 second and forced vital capacity �40% of predicted, and adequate
hepatic function (defined as total bilirubin �3.0 mg/dL or absence of clinically
significant liver disease). Patients with previous alloHSCT and indeterminate
Disease Risk Index (DRI) were excluded.

All donor-recipient pairs underwent high-resolution typing by allelic
level for HLA-A, -B, -Cw, -DRB1, and -DQB1. For patients who did not have a
10/10 HLA MSD or MUD, a search was performed based on a single HLA mis-
match at HLA-A, -B, -Cw, or -DRB1 (7/8 HLA mismatch). In the absence of a
10/10 or 9/10 HLA-matched donor, an MMUD was selected. Haploidentical
transplantation was performed when an MSD, MUD, or MMUD could not be
found. According to our institutional protocol, the absence of anti-HLA anti-
bodies was systematically verified in all patients.

The study protocol received Institutional Review Board approval, and all
participants provided signed informed consent. Clinical information was col-
lected retrospectively and updated in April 2022. This study was approved by
the local Ethics Committee and was conducted following standards set forth
by the Declaration of Helsinki.

Graft Information
T cell-replete PBSC grafts were infused in all cases. The PBSC doses were

calculated based on patients’ actual body weight. According to our institu-
tional protocol, the maximum CD34+ cell dose was capped at 8 £ 106/kg.
Stem cells were mobilized with s.c. infused granulocyte colony-stimulating
factor daily for 5 days. After progenitor stem cell collection, the CD34+ and
CD3+ cell counts were determined. The products were cryopreserved in all
cases after March 2020 because of the Coronavirus disease 2019 pandemic;
cellularity was not reevaluated after thawing.

Based on the binary partitioning method, 4.96 £ 106/kg was the optimal
cutoff of CD34+ cell dose to separate patients in 2 groups in terms of our main
outcome variable (OS). To make the cutoff applicable to regular clinical prac-
tice, high dose was defined as >5 to 8 £ 106/kg CD34+ cells, and low dose
was defined as �5 £ 106/kg CD34+ cells. We evaluated the transplantation
outcomes for the complete cohort as well as separately according to type of
donor selected.

Conditioning Regimen, GVHD Prophylaxis, and Supportive Care
The specific conditioning regimens used were based on the type of hema-

tologic disease and patient characteristics in accordance with institutional
protocols. Patients age >50 years or who had undergone previous autologous
HSCT received a reduced-intensity conditioning (RIC) regimen; otherwise, a
myeloablative conditioning (MAC) regimen was administered. All patients
received fludarabine-based conditioning (fludarabine 30 to 40 mg/m2/day for
4 days) in combination with busulfan (3.2 mg/kg/day for 4 days for MAC or
3 days for RIC), total body irradiation (TBI) (12 Gy for MAC or 8 Gy for RIC),
melphalan (70 mg/m2 for 2 days), cyclophosphamide (14.5 mg/kg for 2 days)
plus 2 Gy TBI, or a sequential conditioning regimen consisting of fludarabine
30 mg/m2/day for 5 days, cytosine arabinoside 2 g/m2 for 5 days, idarubicin
12 mg/m2 for 3 days, and melphalan 70 mg/m2 for 2 days.

The institutional standard GVHD prophylaxis consisted of PTCy 50 mg/kg/
day administered on days +3 and +4, followed by tacrolimus started on day +5

at a dose of .04/kg/day i.v., titrated to a therapeutic level of 5 to 15 ng/L, main-
tained until day +90 and tapered progressively up to day +180 in the absence of
GVHD. In addition, mycophenolate mofetil was administered from day +5 to day
+28 for haploidentical transplant recipients. Antithymocyte globulin (ATG) and
alemtuzumab were not administered. Colony-stimulating factor and cytomegalo-
virus prophylaxis were not provided routinely. Supportive care and infectious
prophylaxis have been described previously [6].

Definitions
Neutrophil recovery was defined as the first of 3 consecutive days with an

absolute neutrophil count >.5 £ 109/L after transplantation. Platelet recovery
was defined as a platelet count >20 £ 109/L without transfusion in the 7 pre-
ceding days. Primary graft failure was defined as the absence of absolute neu-
trophil count recovery (>.5 £ 109/L) before day +28, which was maintained
for 3 consecutive days with a platelet count <20 £ 109/L, hemoglobin level
<80 g/L, and the need for transfusion support. Immune reconstitution was
defined as CD3+/CD4+ and CD3+/CD8+ lymphocyte counts>200 cells/L.

Toxicity was scored using Common Terminology Criteria for Adverse
Events version 5. Acute GVHD (aGVHD) was scored using the Glucksberg cri-
teria, and chronic GVHD (cGVHD) was defined and scored according to the
current National Institutes of Health consensus criteria [14].

Statistical Analysis
CD34+ cell dose was considered the primary explanatory variable of

interest, and OS and NRM were the primary outcome variables of the study.
The primary variable of interest was treated as continuous variable and trans-
formed into a dichotomous variable after calculating the optimal cutoff value
(5 £ 106/kg CD34+ cells) for OS prediction. This cutoff value was calculated
based on the binary partitioning method [15], which uses the likelihood ratio
statistic to evaluate the performance of individual splits. This test permits
partitioning of a set of longitudinal data into 2 mutually exclusive groups
based on an optimal split of a continuous prognostic variable. Relapse-free
survival (RFS), cumulative incidence of relapse (CIR), and cumulative indices
of acute and chronic GVHD and primary GF were considered relevant varia-
bles of interest for exploring the study’s secondary endpoints.

Time to event was calculated from the date of transplantation to the date
of the event or last follow-up. OS and RFS were calculated using the Kaplan-
Meier method. NRM and CIR were estimated using competing-risk analysis
and considering relapse as a competing event for NRM and death without
relapse as a competing event for CIR. The cumulative incidence of GVHD was
calculated by accounting for death and relapse as competing events, and the
cumulative incidence of primary GF was estimated considering death as
the competing event. Univariate and multivariate regression analyses
were conducted to explore the impact of CD34+ cell dose on post-trans-
plantation outcomes. Those variables found to be significant in the uni-
variate model or considered clinically relevant were included in the
multivariate analysis. The primary explanatory variable was always
included in the multivariate model. All P values were 2-sided, and P <

.05 was considered to indicate statistical significance. Statistical analyses
were performed using EZR software [16].

RESULTS
Patient and Donor Characteristics

Baseline characteristics of the entire cohort and of 2 groups
stratified according to CD34+ cell dose are provided in Table 1.
Acute leukemia and myelodysplastic syndrome were the most
frequent indications for transplantation (72%). Most patients
(79%) had low- to intermediate-risk disease as defined by the
refined DRI. The most frequently selected donor type was
MUD/MMUD (71%). One hundred forty-four patients (65%)
received a high CD34+ cell dose, and 77 (35%) received a
low CD34+ dose. No differences between the 2 groups were
seen in the main characteristics such as patient age, hema-
tologic diagnosis, DRI, Karnofsky Performance Status (KPS),
Hematopoietic Cell Transplantation Comorbidity Index, and
conditioning regimen. The median duration of follow-up
was 25 months (IQR, 11 to 55 months) for patients in the
high-dose group and 21 months (IQR, 6 to 41 months) in
the low-dose group (P = .06).

Engraftment and Immune Reconstitution
Engraftment information is summarized on Table 2. Overall,

217 patients (98%) achieved primary engraftment. Patients
receiving high-dose CD34+ cell-containing grafts had significantly
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shortermedian times to neutrophil engraftment (19 days versus 21
days; P = .002) and platelet engraftment (16 days versus 22 days;
P = .04) compared with those receiving low-dose grafts (Table 2,
Figure 1). Four alloHSCT recipients (1.8%) experienced primary GF,
including 1 patient with an HLA-matched donor, 2 patients with
anMMUD, and 1 patientswith a haploidentical donor. The cumula-
tive incidence of GF was 4% for patients in the low-dose group and
.7% for those in the high-dose group (P = .08) (Table 2).

The cumulative incidences of CD4+ and CD8+ lymphocyte
recovery at 1 year were similar in the high-dose and low-dose
groups (58% versus 55% [P = .2] and 64% versus 63% [P = .4],
respectively). The infusion of �5 £ 106/kg CD34+ cells was not
associated with worse CD4+ and CD8+ cell recovery (hazard
ratio [HR], .83 [P = .36] and .88 [P = .53], respectively). The
CD3+ cell dose had no significant effect on hematopoietic
recovery or immune reconstitution.

Table 1
Patient, Donor, and Transplantation Characteristics According to CD34+ Cell Dose

Characteristic All Patients (N = 221) CD34+ Cell Dose, �5 £ 106

(N = 77)
CD34+ Cell Dose 5-8 £ 106

(N = 144)
P Value

Patient information

Age, yr, median, (range) 52 (18-70) 53 (19-69) 51 (18-70) .20

Male sex 121 (54) 48 (62) 73 (51) .09

Baseline diagnosis, n (%) —

AML 81 (37) 32 (42) 49 (34)

ALL 39 (18) 10 (13) 29 (20)

MDS/CMML 38 (17) 17 (22) 21 (15)

MPN 13 (6) 4 (5) 9 (6)

NHL/CLL 30 (13) 5 (6) 25 (17)

Other 20 (9) 9 (12) 11 (7)

DRI high-very high, n (%) 47 (21) 18 (23) 29 (20) .57

KPS 60-80, n (%) 51 (23) 17 (22) 34 (24) .77

HCT-CI score >3, n (%) 49 (22) 15 (19) 34 (24) .48

Donor information

Age, yr, median (IQR) 34 (26-44) 34 (26-45) 35 (26-43) .44

Male sex, n (%) 121 (55) 48 (62) 73 (51) .03

Female donor to male recipient, n (%) 37 (17) 20 (28) 17 (12) .007

Donor type, n (%)

HLA MSD 22 (10) 6 (8) 16 (11) .52

10/10 HLA MUD 83 (38) 28 (36) 55 (38)

7/8 HLA MMUD 73 (33) 30 (39) 43 (30)

Haploidentical 43 (19) 13 (17) 30 (21)

Donor/recipient CMV status, n (%)

Positive/positive 106 (48) 35 (45) 71 (49) .59

Negative/positive 76 (34) 29 (38) 47 (32)

Positive/negative 19 (8) 5 (6) 14 (10)

Negative/negative 20 (9) 8 (10) 12 (8)

Graft information

CD34+ cell dose, £ 106, median (IQR) 5.7 (4.5-7.0) 4 (3.6-4.5) 7.5 (5.8-7.5) —

CD3+ cell dose, £ 106, median (IQR) 252 (184-340) 254 (184-359) 248 (184-327) .45

Type of stem cell product, n (%)

Fresh 169 (76) 58 (75) 111 (77) .76

Cryopreserved 52 (23) 19 (25) 33 (23)

Transplantation information, n (%)

Conditioning regimen

MAC 90 (41) 28 (36) 62 (43) .49

FluBu 4 days 51 (23) 21 (27) 30 (21)

FluTBI 12 Gy 39 (18) 7 (9) 32 (22)

RIC 131 (59) 49 (64) 82 (57)

FluBu 2-3 days 74 (33) 30 (39) 44 (31)

FluBu 2-8 Gy 22 (10) 7 (9) 15 (10)

FluMel 14(6) 6 (8) 8 (6)

IDA-FLAG/Mel (sequential) 8 (4) 4 (4) 4 (3)

Flu/CFM/TBI 2 Gy (Baltimore) 13 (6) 2 (3) 11 (7)

Follow-up, mo, median (IQR) 24 (9-50) 21 (6-41) 25 (11-55) .06

AML indicates acute myelogenous leukemia; ALL, acute lymphoblastic leukemia; MDS, myelodysplastic syndrome; CMML, chronic myelomonocytic leukemia; MPN,
myeloproliferative neoplasms; NHL, non-Hodgkin lymphoma; CLL, chronic lymphoblastic leukemia; HCT-CI, Hematopoietic Cell Transplantation Comorbidity Index;
CMV, cytomegalovirus; Flu, fludarabine; Bu busulfan; TBI, total body irradiation; Mel, melphalan; IDA-FLAG, idarubicin, fludarabine, cytarabine, granulocyte colony-
stimulating factor; CFM, cyclophosphamide.
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GVHD
The cumulative incidence of aGVHD by day +100 was simi-

lar in high-dose and low-dose groups: grade II-IV, 25% versus
23% (HR, .89; P = .7); grade III-IV, 5% versus 4% (HR, .6; P = .4)
(Table 2, Figure 2). There was no between-group difference in
the cumulative incidence of 2 year moderate-severe cGVHD
(9% versus 6%; HR, .7; P = .5) (Table 2, Figure 2). There was no
statistically significant correlation between infused CD3+ cell
dose and the development of GVHD.

NRM, Relapse, and Infections
The cumulative incidence of NRM at 1 year was 13% for

patients in the high-dose group compared with 21% for those
in the low-dose group (P = .18) (Table 2, Figure 3). The analysis

of NRM according to donor type and CD34+ cell dose showed
no differences between the high-dose and low-dose groups in
MSD, MUD, and MMUD alloHSCT, whereas a trend toward a
higher NRM was observed in recipients of haploidentical
donor alloHSCT receiving low-dose CD34+ cell grafts (39% ver-
sus 13%; P = .05) (Table 3, Figure 4). Only older age and a KPS
of 60 to 80 were identified as significant risk factors for NRM
in the univariate and multivariate analyses (Table 3). In the
high-dose group, the causes of death without relapse were
bacterial septic shock (n = 8), aGVHD (n = 4), infectious or toxic
leukoencephalopathy (n = 2), thrombotic microangiopathy
(n = 1), melanoma (n = 1), and lung neoplasia (n = 1). In the
low-dose group, 18 non-relapse-related deaths were recorded
due to bacterial septic shock (n = 12), neurotoxoplasmosis

Table 2
Main Post-Transplantation Outcomes According to CD34+ Cell Dose

Post-Transplantation Outcome CD34+ Cell Dose �5 £ 106 CD34+ Cell Dose 5-8 £ 106 P Value

Engraftment

Days to neutrophil engraftment, median (IQR) 21 (18-25) 19 (16-22) .002

Days to platelet engraftment, median (IQR) 22 (13-30) 16 (12-24) .04

Cumulative incidence of primary graft failure, % (95% CI) 4 (1-10) .7 (.1-3) .08

Cumulative incidence of GVHD, % (95% CI)

Day +100 grade II-IV aGVHD 23 (15-33) 25 (18-32) .70

Day +100 grade III-IV aGVHD 4 (1-10) 5 (2-10) .45

2-year moderate/severe cGVHD 6 (2-14) 9 (5-16) .55

Infections, n (%)

Bacterial infection 41 (53) 73 (50) .71

CMV reactivation 43 (56) 77 (53) .66

Other viral infections 30 (39) 66 (46) .32

Fungal infection 12 (15) 12 (8) .09

1-year NRM, % (95% CI)* 21 (13-31) 13 (8-20) .18

1-year cumulative incidence of relapse, % (95% CI) 21 (13-31) 19 (13-26) .50

Survival outcomes, % (95% CI)*

2-year OS 64 (52-74) 71 (62-78) .04

2-year RFS 52 (40-62) 59 (50-66) .07

Significant P values are in bold type.
* Estimated probability.

Figure 1. Times to neutrophil and platelet engraftment.
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Figure 2. Cumulative incidences of acute and chronic GVHD according to CD34+ cell dose.

Figure 3. Main post-transplantation outcomes according to CD34+ cell dose. (A) NRM; (B) CIR; (C) RFS; (D) OS.
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Table 3
Main Post-Transplantation Outcomes According to Donor Type and CD34+ Cell Dose

Post-Transplantation Outcomes CD34+ Cell Dose �5 £ 106 CD34+ Cell Dose 5-8 £ 106 P Value

MSD and MUD transplantation, % (95% CI)

1-yr NRM 15 (5-29) 11 (5-20) .39

1-yr relapse rate* 21 (9-36) 26 (16-36) .45

2-yr OS 70 (50-84) 69 (56-79) .72

2-yr RFS 57 (38-72) 52 (39-64) .91

MMUD transplantation, % (95% CI)

1-yr NRM 20 (8-36) 16 (7-29) .83

1-yr relapse rate* 17 (6-32) 16 (7-29) .56

2-yr OS 67 (47-81) 71 (55-83) .98

2-yr RFS 63 (44-78) 67 (51-79) .69

Haploidentical transplantation, % (95% CI)

1-yr NRM 39 (13-64) 13 (4-28) .05

1-yr relapse rate* 46 (17-72) 11 (3-25) .02

2-yr OS 39 (14-63) 83 (64-92) <.001

2-yr RFS 15 (3-39) 76 (56-88) <.001

Significant P values are in bold type.
* Cumulative incidence.

Figure 4. Main outcomes after haploidentical alloHSCT according to CD34+ cell dose: (A) NRM; (B) CIR; (C) RFS; (D) OS.
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(n = 1), severe aGVHD (n = 2), cryptogenic pneumonia (n = 2),
and myocardial infarction (n = 1).

Cumulative incidence of relapse (CIR) rate was similar
between groups (19% for high-dose vs. 21% for low-dose, P=.5)
(Table 2, Figure 3). The analysis of CIR according to donor type
and CD34+ cell dose showed that, on the contrary to other
type of donors, the use of haploidentical donors with low-dose
CD34+ cells was associated with higher CIR (46% vs. 11%,
P=.02) (Table 3, Figure 4). In univariate analysis, older age, KPS
of 60-80%, and high-very high DRI were associated with higher
risk of relapse (Table 4). The impact of age and performance
status on CIR was confirmed in multivariate analysis (Table 4).

Cytomegalovirus reactivation occurred in 40 of 83 (48%)
seropositive patients in the high-dose group and in 18 of 40
(45%) seropositive patients in the low-dose group (P = .6). The
incidence of other viral infections was also similar in the 2
groups (55% versus 54%; P = .5). There also were no significant
differences between the groups in the rate of bacterial infec-
tions (50% versus 52%; P = .7) or fungal infections (12% versus
22%; P = .6).

OS and RFS
One hundred and forty-three patients (65%) were alive at

the time of this report, with a median follow-up for all patients
of 2 years (IQR, .7 to 4.1 years). At 2 years post-transplantation,
OS and RFS for the entire cohort were 68% (95% CI, 61% to 74)
and 56% (95% CI, 49% to 63%), respectively. OS was significantly
higher in the high-dose group compared with the low-dose
group (71% versus 64%; P = .04) (Table 2, Figure 3). Neverthe-
less, when this analysis was conducted according to donor
type, the negative impact of low CD34+ cell dose on post-trans-
plantation outcomes was observed only in the haploidentical
alloHSCT setting (83% versus 38%; P < .001) (Table 3, Figure 4).
Considering these results, a multivariate regression model was
created using CD34+ cell dose (�5 £ 106 versus >5 to 8 £ 106),
donor type (haploidentical versus others), and the product of
the 2 (CD34+ cell dose and donor type) as explanatory varia-
bles. The estimated coefficient of the product variable com-
pared the effect on the risk of OS from receiving grafts with
low cellularity between recipients of haploidentical donor
grafts and recipients of grafts from other donor types. As
reported in Table 4, haploidentical alloHSCT with a low CD34+

cell dose resulted in a statistically significant worse OS (HR,
6.01; P = .006). However, the infusion of low CD34+ cell dose-
containing grafts in alloHSCT performed from MSDs, MUDs,
and MMUDs did not have a statistically significant effect on OS
(HR, 1.15; P = .59) (Supplementary Tables S1 and S2). In addi-
tion, older age, KPS 60 to 80, Hematopoietic Cell Transplanta-
tion Comorbidity Index >3, and high-very high DRI also were
associated with lower OS.

A trend toward a better RFS also was observed in the high-
dose group (59% versus 52%; P = .07) (Table 2, Figure 3). Similar
to OS, the adverse effect of low doses of CD34+ cells on RFS was
observed only with the use of haploidentical donors (HR, 4.57;
P = .004), and these differences were not statistically signifi-
cant when low-dose grafts were included outside of the hap-
loidentical alloHSCT setting (HR, 1.04; P = .85) (Table 3,
Figure 4, Supplementary Figures 1 and 2). Other variables sta-
tistically significantly associated with worse RFS were old age,
KPS 60 to 80, high-very high DRI, and nadir of neutropenia
>19 days (Table 4). We observed no significant effect of
infused CD3+ cell dose on OS or RFS outcomes.

DISCUSSION
Our present results show that the impact of CD34+ cell dose

on PBSC PTCy alloHSCT survival outcomes depends on the type
of donor. Administration of a CD34+ cell dose �5 £ 106/kg
with haploidentical PBSC PTCy HSCT was associated with
decreased OS and RFS. This negative effect was not observed
when other types of donors were used. A high CD34+ cell dose
was associated with faster neutrophil and platelet recovery in
all alloHSCT recipients independent of donor type, consistent
with prior studies [17].

Several studies have analyzed the effect of CD34+ cell dose
on the outcome after PBSC alloHSCT using standard, non-PTCy
GVHD prophylaxis and have reported inconsistent conclusions
[18�25]. Some of these studies, using different CD34+ cell dose
thresholds, showed that higher doses are associated with
higher rates of cGVHD, NRM, and relapse [9�13]. More
recently, several studies evaluated the effect of CD34+ cell dose
on outcomes after PTCy alloHSCT, including 2 studies of hap-
loidentical transplantation [26,27]. The European Society for
Blood and Marrow Transplantation (EBMT) published a retro-
spective registry-based study of 414 haploidentical alloHSCT
for acute myelogenous leukemia, including PTCy-based or
ATG-based GVHD prophylaxis [26]. As in our study, patients
were divided into 2 cohorts based on CD34+ dose with a cutoff
point of 4.96 £ 106/kg. The median CD34+ cell dose was
6.58 £ 106/kg (range, 2.2 to 31.2 £ 106). Patients in the high-
dose group (>4.96 £ 106/kg) experienced higher rates of neu-
trophil and platelet engraftment and a shorter median time to
engraftment compared with those in the low-dose group.
CD34+ cell dose did not impact the development of aGVHD or
cGVHD. Patients who received >4.96 £ 106/kg CD34+ cells had
prolonged survival, owing mainly to a reduced NRM rate.
There was no impact of the type of GVHD prophylaxis, PTCy
versus ATG, on survival outcomes in this study. Our results
using a virtually identical cutoff were similar to those of the
EBMT study for haploidentical transplant recipients. Salas et al.
[27] explored the impact of CD34+ cell dose in 68 PBSC haploi-
dentical HSCT recipients using RIC and PTCy plus ATG. Patients
were divided into 2 groups using a CD34+ cell dose �9 £ 106/
kg as a threshold. In this study, the median infused CD34+ cell
dose was 9.32 £ 106/kg (range, 3.4 to 28.6 £ 106/kg). The
authors reported that the infusion of higher-cellularity grafts
(�9 £ 106/kg CD34+ cells) had a significant adverse impact on
OS and nonsignificant trends toward worse NRM and RFS. No
statistically significant differences in outcomes were seen
when other exploratory cutoff values of CD34+ cells were con-
sidered (7 £ 106/kg, 8 £ 106/kg, and 10 £ 106/kg); however,
the impact of low CD34+ cell doses (<5 £ 106/kg) was not spe-
cifically analyzed. In our study, the maximum CD34+ cell dose
was capped at 8 £ 106/kg in accordance with our institutional
protocol based on previously published data that associated
high CD34+ cell dose with worse post-transplantation out-
comes in alloHSCT using conventional GHVD prophylaxis
[9,10,13,28], and thus we could not analyze the impact of
doses >8 £ 106/kg on outcomes of transplantation.

Regarding other type of donors, Elmariah et al. [17] retro-
spectively analyzed the effect of cell dose on outcomes of 144
adult recipients of PBSC alloHSCT with PTCy-based GVHD pro-
phylaxis for a hematologic malignancy. Infused CD34+ cell
doses were stratified into low-dose (�5 £ 106/kg), intermedi-
ate-dose (5 to 10 £ 106/kg), and high-dose (>10 £ 106/kg)
groups. Similar to our study, CD34+ cell dose had no significant
impact on aGVHD, cGVHD, or relapse. However, in contrast to
our findings, their multivariate analysis showed worse NRM,
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Table 4
Univariate and Multivariate Models: Risk Factors for OS, NRM, RFS, and CIR

Variables OS, Cox Regression Model NRM, Fine-Gray Proportional Hazards
Regression Model

RFS, Cox Regression Model CIR, Fine-Gray Proportional Hazards
Regression Model

HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value

Univariate regression analysis

CD34+ cell dose

Continuous .91 (.79-1.05) .21 .89 (.71-1.16) .32 .90 (.79-1.23) .12 .89 (.72-1.12) .32

�5 £ 106 (vs 5-8 £ 106) 1.56 (.99-2.44) .05 1.53 (.81-2.88) .18 1.43 (.95-2.13) .08 1.53 (.81-2.88) .18

CD3 cell dose

Continuous 1.01 (.99-1.01) .46 1 (.99-1.01) .88 1.0 (.99-1.01) .94 1.00 (.99-1.00) .88

Age

Continuous 1.02 (1.01-1.03) .01 1.03 (1.01-1.05) .02 1.02 (1.01-1.03) .008 1.03 (1.00-1.06) .03

Age >60 yr 2.47 (1.58-3.86) <.001 .001 <.001 2.82 (1.49-5.33) .001

HCT-CI score 2.82 (1.49-5.36) 2.13 (1.43-3.16)

>3 (vs 0-3) 1.76 (1.08-2.87) .57 1.23 (.61-2.48) .57

KPS .02 1.22 (.60-2.48) 1.49 (.95-2.34) .080

80-60 (vs 100-90) 2.07 (1.29-3.33) <.001 2.97 (1.58-5.60) <.001

DRI .002 .002

High-very high (vs low-intermediate) 2.19 (1.35-3.54) .001 2.97 (1.57-5.60) .05 1.94 (1.26-2.97) .004 1.89 (.99-3.62) .05

Conditioning intensity

RIC (vs MAC) 1.22 (.78-1.90) 1.06 (.57-1.98)

Grouped donors .37 1.89 (.99-3.62) .86 1.88 (1.22-2.91) .20 .86

Haplo (vs others) .95 (.54-1.67) 1.25 (.59-2.66)

Donor age .87 .55 .79 .55

Continuous 1.00 (.98-1.02) .99 (.96-1.02)

�50 yr .81 (.41-1.58) .60 1.05 (.56-1.97) .41 1.29 (.87-1.91) .06 .66 (.23-1.87) .41

Female donor to male recipient .54 .43 .54 .43

Yes (vs no) 1.21 (.69-2.13) 1.25 (.59-2.66) .93 (.56-1.54) .72 (.28-1.85)

Type of stem cell product .49 .30 .77 .49

Cryopreserved (vs fresh) .70 (.36-1.35) .63 (.26-1.51)

Nadir neutropenia >19 d .29 .98 (.96-1.01) .65 (.23-1.86) .49 1.01 (.99-1.03) 1.18 (.69-2.02) .41 .30

Yes (vs no) 1.58 (1.01-2.48) .60 .67 (.26-1.51) .71 (.28-1.84)
1.38 (.73-2.59)

.31 1.08 (.64-1.82) .79 (.47-1.35) 1.76
(1.18-2.63)

.005 1.38 (.74-2.59) .31

Multivariate regression analysis

CD34 cell dose 1.01 1.01

�5 £ 106 (vs 5-8 £ 106) 1.15 (.67-1.98) .59 1.34 (.64-2.82 .43 1.04 (.65-1.68) .85 1.27 (.60-2.68) .52

Donor type 1.01 1.01

Haploidentical (vs others) .62 (.24-1.62) .33 .56 1.01 .31 1.37 (.43-4.35) .59

Donor type and cell dose count 1.40 (.44-4.43) .67 (.31-1.44) 1.06 1.01

Haplo receiving �5 £ 106 (vs others) 6.01 (1.76-2.49) .004 1.91 (.43-8.36) .39 4.57 (1.59-3.14) .004 1.90 (.42-8.40) 1.01 .40

Age 1.01 1.01

(continued)
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progression-free survival, and OS in the low-dose group com-
pared with the intermediate-dose group for the entire series
of patients independent of donor type. Although the propor-
tion of nonhaploidentical alloHSCT recipients with a low
CD34+ cell dose was clearly higher in our study than in the
Elmariah et al. study (58% versus 8%), we found no negative
effect on survival outcomes in that group of patients. Other dif-
ferences between the studies, such as the type and intensity of
conditioning regimens or GVHD prophylaxis schedule, might
have contributed to these discrepant findings.

The main limitation of our study is its retrospective nature
and the limited number of haploidentical alloHSCT recipients
in the low-dose group. Nonetheless, we emphasize that
although the statistical impact of this small sample size would
be a higher likelihood of type II error (false-negative), we were
still able to detect significant differences in outcomes between
the low-dose and high-dose group. Moreover, our results are
in line with those published by Maffini et al. [26] in a large
series of haploidentical transplantations from the EBMT data-
base. Finally, the other available study on this subject showed
similar results even with a haploidentical population with a
lower CD34+ cell dose than ours (n = 5) [17]. Our statistical
analysis supports the findings of these 2 previous studies sug-
gesting that the CD34+ dose should not be <5 £ 106/kg when
using haploidentical donors. We also have shown that in MSD,
MUD, and MMUD transplantations, the infused CD34+ cell
dose had no impact on survival after transplantation. However,
considering the benefit of the infusion of a high CD34+ cell
dose on engraftment, we also suggest that administration of
no less than 5 £ 106/kg CD34+ cells could be beneficial in all
PBSC PTCy alloHSCT recipients regardless of donor type.
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6.3. La puntuación EASIX se correlaciona con los biomarcadores de disfunción 

endotelial y predice el riesgo de enfermedad injerto contra receptor tras el 

trasplante alogénico.  

“EASIX score correlates with endothelial dysfunction biomarkers and predicts risk of 

acute graft-versus-host disease after allogeneic transplantation.” 

Diferentes biomarcadores plasmáticos de disfunción endotelial se han 

postulado para el diagnóstico y pronóstico de la EICRa. Sin embargo, su uso aún no 

está validado en la práctica clínica habitual. El llamado índice de estrés y activación 

endotelial (Endothelial Activation and Stress Index, EASIX), calculado con una fórmula 

matemática sencilla basada en parámetros de laboratorio de uso rutinario, se 

considera un marcador indirecto del daño endotelial. Un valor elevado de EASIX se ha 

relacionado con una peor MRT y SG en los pacientes con EICRa y con un alto riesgo de 

SOS y MAT-AT. Este estudio investiga los cambios post-trasplante del EASIX y de tres 

biomarcadores plasmáticos conocidos de daño endotelial y su capacidad de predecir el 

riesgo de desarrollar EICRa.   

Se analizaron los niveles VCAM-1, TNFR1, VWF:Ag y la puntuación de EASIX 

antes del aloTPH y en los días 0, +3, +7, +14 y +21 después del trasplante en una 

cohorte experimental de pacientes (n=33). EASIX se transformó a un logaritmo de base 

2 para facilitar el análisis. Para los biomarcadores más relevantes, se estimaron los 

valores de corte óptimos y la capacidad discriminatoria para diferenciar a los pacientes 

con alto riesgo de EICRa de los de bajo riesgo. Las conclusiones obtenidas en la cohorte 

experimental respecto a EASIX se validaron en una cohorte más amplia de 321 

pacientes en la misma institución.  

En la cohorte experimental, los biomarcadores plasmáticos y el EASIX 

mostraron una dinámica post-trasplante similar y progresivamente ascendente. El 

análisis multivariado mostró una asociación entre los niveles elevados de TNFR1 y 

Log2-EASIX medidos el día 7 post-trasplante y un mayor riesgo de desarrollar EICRa 

(HR=1, p=0,002 y HR=2,31, p=0,013, respectivamente). Los pacientes con TNFR1 

≥1.300 ng/mL (HR =7,19, p=0,006) y Log2-EASIX ≥3 (HR=14,7, p<0,001) en el día +7 
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tuvieron más probabilidades de desarrollar EICRa con una precisión predictiva elevada 

(C-index del 74% y 81%, respectivamente).  

En la cohorte de validación, los pacientes con Log2-EASIX ≥3 el día +7 

presentaron una incidencia significativamente mayor de EICRa grado II-IV (HR=1,94, 

p=0,004) independientemente de la profilaxis para la EICR (HR=0,38, p=0,004), del 

régimen de acondicionamiento (HR=0,59, p=0,02) y del tipo de donante (HR=2,38, 

p=0,014).  

En conclusión, el daño endotelial puede medirse en el post-trasplante 

temprano utilizando tanto el EASIX como los biomarcadores plasmáticos. Una 

puntuación elevada de EASIX podría identificar de forma sencilla y temprana a los 

pacientes con alto riesgo de desarrollar EICRa. 
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Multivariate analysis showed an association between high TNFR1 levels and Log-2 EASIX
scoreonday7after transplantationwithan increased likelihoodofdevelopingaGVHD(haz-
ard ratio [HR] = 1, P = .002; HR = 2.31, P = .013, respectively). Patients with TNFR1 �1300
ng/mL(HR=7.19,P= .006)andLog2-EASIX�3(HR=14.7,P<.001)atday7after transplanta-
tionweremore likely to develop aGVHDwith high predictive accuracy (C-index of 74% and
81%,respectively). Inthevalidationcohort,patientswithLog2-EASIX�3onday7aftertrans-
plantation presented a significantly higher incidence of grade II-IV aGVHD (HR = 1.94,
P = .004) independent of GVHD prophylaxis (HR = 0.38, P = .004), conditioning regimen
(HR = 0.59, P =.02) and type of donor (HR = 2.38, P = .014). Differential degree of endothelial
damage can bemeasured using both EASIX score and plasma biomarkers in the early post-
transplantation period. Patients at risk of developing aGVHD could be easily identified by a
high EASIX score. Both indicators of endothelial activation represent a promising approach
topredictaGVHD.
PublishedbyElsevier Inc.onbehalfofTheAmericanSocietyforTransplantationandCellular

Therapy.

Graft-versus-host disease (GVHD) remains a
major cause of morbidity and mortality after allo-
geneic hematopoietic stem cell transplantation
(allo-HSCT). Diagnosis of acute GVHD (aGVHD) is
based on clinical features, patient symptoms, labo-
ratory values, and, in most cases, histological con-
firmation. In recent years, efforts have been made
to identify potential noninvasive peripheral blood
biomarkers with diagnostic and clinical value in
aGVHD, and some promising results have been
achievedwithmarkers related to endothelial dam-
age [1�3].

Similar to other early transplant-related
complications such as sinusoidal obstruction syn-
drome, transplant-associated thrombotic micro-
angiopathy (TA-TMA), or engraftment syndrome
(ES), endothelial activation and dysfunction have
been implicated in the pathophysiology of aGVHD
[4�8]. Several soluble biomarkers of endothelial
dysfunction have been postulated for the diagno-
sis and prognosis of aGVHD. These biomarkers
include von Willebrand factor (VWF), thrombo-
modulin (TM), tumor necrosis receptor 1 (TNFR1),
plasminogen activator inhibitor type 1, adhesion
molecules such as E-selectin, ICAM-1 and vascular
cell adhesion molecule-1 (VCAM-1), suppression
of tumorigenicity-2 (ST2), angiopoietin-2 (ANG2),
hyaluronic acid (HA), L-Ficolin, and circulating
endothelial cells (CECs), among others [9�14]. In
general, the majority of studies have shown an
increase in the levels of the different markers
compared to baseline, especially in patients with
transplant-related complications, including
aGVHD [2,3,15-17]. We have previously reported
that levels of VWF and TNFR1 above an optimal
cutoff at day 7 after allo-HSCT could positively
predict that approximately 90% of patients will
develop aGVHD [9]. Some biomarkers are now

being incorporated into clinical trials design to
validate and standardize their value in current
clinical practice. In addition to validation, techni-
cal issues, such as adequate sample processing,
availability of the tests in all centers, and rapidity
of results, may be one of the main limitations to
the widespread implementation of these plasma
biomarkers in clinical practice.

The endothelial activation and stress index
(EASIX) is a simple laboratory formula (creatinine
[mg/dL] £ LDH [U/L]/platelets [£109/L]) consid-
ered an indirect measurement of endothelial acti-
vation. A high EASIX score before and after allo-
HSCT has been correlated with worse nonrelapse
mortality (NRM) and overall survival (OS) [1,18-
22] and a high risk of post-transplantation vascu-
lar endothelial complications such as sinusoidal
obstruction syndrome and TA-TMA [23,24]. How-
ever, its role in predicting aGVHD has not been
extensively investigated.

Based on the ability of EASIX to predict early
post-transplantation vascular endothelial compli-
cations and the lack of easily applicable bio-
markers for predicting aGVHD in the allo-HSCT
setting, the present study investigates whether
the measurement of endothelial activation bio-
markers and EASIX during the early post-trans-
plantation period can predict the onset of aGVHD.

METHODS
Study Design

We hypothesized that the dynamics of the
EASIX score in the early post-transplantation
period would be similar to the dynamics of endo-
thelial damage plasma biomarkers; therefore it
could be used for prediction of clinically relevant
aGVHD. The present study was conducted in 2
phases. In the first part, the dynamics plasma
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biomarkers of endothelial damage and EASIX
score were measured at different time points
before and after allo-HSCT in an experimental
cohort of 33 allo-HSCT recipients using periph-
eral blood stem cell grafts and reduced-intensity
conditioning (RIC) regimens. Then the potential
association between the plasma biomarkers lev-
els and EASIX score with the risk of developing
grade II-IV aGVHD was evaluated.

In the second part of the study, we investigated
whether EASIX score results in predicting aGVHD
were reproducible in a larger validation cohort of
321 patients undergoing allo-HSCT at the same
institution. Because endothelial dysfunction after
allo-HSCT can be induced by RIC regimens, but
more commonly by myeloablative conditioning
(MAC) regimens, the validation cohort included
patients who received RIC and MAC regimens.
This was done to investigate whether the results
observed in the analysis were independent of the
intensity of the conditioning regimen adminis-
tered as part of the transplant platform [25]. The
local ethics committee approved the study (HCB/
2021/0948), which was conducted in accordance
with the Declaration of Helsinki.

Patients and Allo-HSCT Procedure
Patients suffering from malignant hematologic

diseases who consecutively underwent allo-HSCT
at the Hospital Clínic of Barcelona between Janu-
ary 2014 and October 2020 were included in the
study. To form the experimental cohort, a group
of 33 patients with plasma samples available for
biomarker analysis at all predefined timepoints of
the study before and after transplantation was
selected.

The conditioning regimens used were based on
the type of hematological malignancy and patient
characteristics. Patients aged >50 years or who
had previously undergone autologous HSCT
received an RIC regimen; otherwise, MAC regi-
mens were administered. A summary of the dif-
ferent types of conditioning regimens used is
shown in Table 1.

Our institutional protocol for GVHD prophy-
laxis historically consisted of conventional calci-
neurin inhibitor-based GVHD prophylaxis with
cyclosporine (5 mg/kg from days �1 to 3 and
then 3 mg/kg to day 270 in the absence of GVHD)
plus methotrexate (15 mg/m2 on day 1 and 10
mg/m2 on days 3, 6, and 11) or mycophenolate
mofetil (10 mg/kg every 8 hours, maximum 3 g
daily, from day 0 to day 60). Since 2016, it has
been progressively introduced PTCY-based
schemes (50 mg/kg/day on days 3 and 4) for the

prevention of GVHD, initially in transplants from
haploidentical and mismatched unrelated donor
and more recently in transplants from matched
unrelated donor and matched related donor.
Antithymocyte globulin or alemtuzumab were
not administered.

Donor selection and supportive care have been
described in detail previously [26]. All patients
included in the study received T-cell�replete
peripheral blood stem cell grafts. None of the
patients received letermovir for cytomegalovirus
prophylaxis. Acute GVHD was clinically and histo-
logically diagnosed and graded using standard cri-
teria [27,28]. Patients with aGVHD were treated
homogeneously throughout the study period.

Plasma Biomarker Assessment
The sample size of the experimental cohort was

selected in accordance with the previous studies
of our group [9,15,29]. Only patients with plasma
samples available at all study time points were
chosen for the study.

Based on our previously published work, we
chose to analyze plasma levels of VCAM-1, TNFR1,
and VWF:Ag as biomarkers of endothelial damage
[9,15,29]. Individual blood samples were collected
prospectively at different time points during allo-
HSCT: before conditioning (pre-transplantation),
immediately before transplantation (day 0), and
on days 3, 7, 14, and 21 after allo-HSCT. Plasma
was obtained by centrifugation of anticoagulated
blood samples collected in 3.8% sodium citrate
tubes, within 4 hours of collection. The samples
were aliquoted in cryovials without additives and
stored at �80°C until use. The biomarkers VCAM-
1 (R&D Systems, Minneapolis, MN), TNFR1 (Bos-
terBio, Pleasanton, CA), and VWF:Ag (Grifols, Bar-
celona, Spain) were assessed by enzyme-linked
immunosorbent assay.

EASIX Score Assessment
The EASIX score was calculated retrospectively

in both cohorts of patients according to the fol-
lowing formula: creatinine (mg/dL) £ LDH (U/L) /
platelets (£109/L). The analytical parameters used
to calculate the score were obtained from routine
patient blood samples before conditioning (pre-
transplantation), immediately before transplanta-
tion (day 0), and on days 3, 7, 14, and 21 after
allo-HSCT.

Statistical Methods
First, using the experimental cohort data, our

study examined the dynamics of VCAM-1, TNFR1,
VWF:Ag plasma levels and EASIX score during the
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Table 1
Patient and Transplantation Characteristics of Experimental and Validation Cohorts

Experimental Cohort (N = 33) (%) Validation Cohort (N = 321) (%)

Patient information

Age (yr), median (range) 60 (41-69) 52 (18 -70)

Male sex 16 (48) 170 (53)

Baseline diagnosis

AML 11 (33) 128 (40)

ALL 2 (6) 44 (14)

MDS/CMML 10 (30) 55 (17)

MPN 3 (9) 30 (9)

NHL/CLL 4 (13) 46 (15)

Others 3 (9) 18 (5)

High-very high Disease Risk Index 16 (48) 54 (17)

60%-80% Karnofsky Performance Status 12 (36) 80 (25)

HCT-CI score >3 10 (30) 74 (23)

Transplant information

Age donor median (y), (range) 41 (19-68) 38 (15-73)

Donor sex

Male 20 (61) 208 (65)

Female to Male (Donor/recipient) 13 (39) 50 (16)

Donor selection

HLA MSD 10 (30) 87 (27)

10/10 HLA MUD 13 (40) 125 (39)

7/8 HLA MMUD 10 (30) 68 (21)

Haploidentical — 41 (13)

Conditioning regimen

Myeloablative (MAC)

Cy/Bu 4 days — 19 (6)

Cy/TBI 12Gy — 13 (4)

FLUBU 4 days — 58 (18)

FLU/TBI 12Gy — 38 (12)

RIC

FLUBU 2�3 days 26 (79) 116 (36)

FLUTBI 2-8Gy 4 (12) 38 (12)

FLUMEL — 13 (4)

IDA/FLAG/MEL (sequential) 2 (6) 13 (4)

FLU/CFM/TBI2Gy (Baltimore) 1 (3) 13 (4)

GVHD Prophylaxis

CNI/MTX - 48 (15)

CNI/MMF 11 (33) 68 (21)

CNI/RAPA 1 (3) 2 (1)

PTCY/TK 18 (54) 148 (46)

PTCY/TK/MMF 3 (10) 55 (17)

Main post-transplantation outcomes

Cumulative Incidence of aGVHD (95% CI)

Grade II-IV acute GVHD (+100) 18.8 (7.5-34) 26.2 (21.5-31.1)

Grade III-IV acute GVHD (+100) 9.1 (2.3-21.9) 7.5 (4.9-10.7)

2-year non-relapse mortality [% (95% CI)] 25.2 (11.6-41.4) 14.9 (11.2-19.1)

2-year Cumulative incidence of relapse, % (95% CI) 31.3 (16.1-47.8) 27.8 (23.0-32.9)

2-year Overall survival, % (95% CI) 49.5 (31.2-65.4) 67.8 (62.3-72.8)

2-year Relapse free survival, % (95% CI) 43.5 (26.0-59.7) 57.3 (51.5-62.6)

Follow-up (mo), median (IQR) 21 (4.1-45.1) 28.8 (9.3-53.8)

HCT-CI indicates hematopoietic cell transplantation comorbidity index; MSD, matched sibling donor; MUD, matched unre-
lated donor; MMUD, mismatched unrelated donor.
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early post-transplant period and the ability of
EASIX and the selected endothelial damage bio-
markers to predict grade II-IV aGVHD. Plasma bio-
markers and EASIX score results are presented as
medians and ranges. To graphically represent the
statistical trend in which plasma biomarkers and
EASIX score move over time after transplantation
with respect to the pretransplantation time point,
we used the Stacked Line Chart provided by the
Microsoft Excel program. Second, the ability of
EASIX to predict grade II-IV aGVHD was evaluated
in the 321 adults included in the validation
cohort.

EASIX was transformed into a base-2 logarithm
(Log2-EASIX) for statistical analysis. Descriptive
information was calculated using counts and per-
centages and compared using the chi-square test,
Fisher’s exact test, and Mann-Whitney U test. The
cumulative incidence function of grade II-IV
aGVHD was estimated using cumulative incidence
regression analyses and accounting for death and
relapse as competing events. The variations of
Log2-EASIX, VCAM-1, TNFR1 and VWF:Ag values
during the early post-transplantation period, and
their correlation with grade II-IV aGVHD was
explored using landmark and regression analyses.
Those patients who died or those who were diag-
nosed with the study time-dependent adverse
event before each landmark point were excluded
from the next time point.

The association between higher endothelial
activation and damage (measured using endothe-
lial damage biomarkers and EASIX score) and
grade II-IV aGVHD risk occurring during the first
100 days after allo-HSCT was analyzed using
Fine-Gray proportional hazard regression for
competing events. This association was investi-
gated treating the explanatory variables as contin-
uous and discrete after estimating the optimal
cutoff values for discriminating high-risk patients.
Because of the sample size, in the experimental
cohort, the variables included in the univariate
analysis as predictive of aGVHD were the research
variables (plasma biomarkers of endothelial dam-
age and log2-EASIX). A multivariate analysis was
performed to investigate whether the predictive
ability of a particular biomarker was superior to
that of the others. In the validation cohort, in
addition to the experimental variable log2-EASIX,
all clinical variables classically associated with the
risk of developing aGVHD were included in the
univariate and multivariate analysis. Last, the
accuracy of Log2-EASIX, VCAM-1, TNFR1 and
VWF:Ag for predicting grade II-IV aGVHD was
explored using the concordance index (C-index).

This index confirms the predictive power of the
evaluated score for values superior to 0.5 with
perfect discrimination of 1. All P values were 2-
sided, and P < .05 indicated a statistically signifi-
cant result. SPSS and R software were used to per-
form statistical analysis.

RESULTS
Patient, Transplant Characteristics, and
Outcomes

The baseline characteristics of the patients and
the transplant procedure are summarized in Table
1. The experimental and validation cohorts
included 33 and 321 patients, respectively. Acute
leukemia and myelodysplastic syndrome were
the most common pretransplantation diagnoses
in both cohorts. All patients in the experimental
cohort and 60% of the validation cohort received
RIC regimens. Most patients in both groups
received allo-HSCT from HLA-identical related
and unrelated donors. PCTy-based prophylaxis
was used in 64% of the patients included in the
experimental cohort and in 63% of the adults
included in the validation cohort.

Overall, 32% of patients developed grade
aGVHD at a median of 40 days (interquartile
range [IQR] = 26-64) after transplantation [40
days for grade II-IV (IQR = 26-59) and 42 days for
grade III-IV (IQR = 27-67)]. The cumulative inci-
dences of grade II-IV and grade III-IV aGVHD at
day 100 were 18.8% and 9.1% for the experimental
cohort, and 26.2% and 7.5% for the validation
cohort. The median follow-up of survivors was 21
(range 4.1-45.1) and 28.8 (range 9.3-53.8)
months, respectively. For all patients, the 2-year
overall survival (OS) and progression-free survival
rates were 67.8% (95% confidence interval [CI],
62.3-72.8) and 57.3 (95% CI, 51.5-62.6), respec-
tively.

Association Between Plasma Biomarkers, the
EASIX Score, and the Development of Acute GVHD
in the Experimental Cohort

Plasma levels of VCAM-1, TNFR1 and VWF:Ag
showed an increasing dynamic in the post-trans-
plantation period in all patients from before trans-
plantation until day 21. A graphical representation
of the statistical trend in which plasma bio-
markers and Log2-EASIX data move over time
after transplantation with respect to pretrans-
plantation values is shown in Figure 1. Log2-
EASIX score increased rapidly after transplanta-
tion and peaked at day 7 (median Log2-EASIX
1.64, IQR = 0.53-3.16), followed by a slight decline
at days 14 (median Log2-EASIX 1.45, IQR 0.22-
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2.58) and +21 (median Log2-EASIX 1.07,
IQR = 0.57-1.47), remaining above the pretrans-
plantation baseline (Table 2, Figure 1D).

Patients who developed grade II-IV aGVHD had
higher levels of plasma biomarkers and the Log2-
EASIX score than those without aGVHD or grade I
aGVHD (Table 2). In the univariate analysis,
VCAM-1 levels measured on day 7 and TNFR1 lev-
els measured at all-time points after transplanta-
tion were significantly associated with an
increased risk of grade II-IV aGVHD (Table 3).
Multivariate analysis confirmed the association
between high TNFR1 levels on day 7 after trans-
plantation with an increased likelihood of devel-
oping grade II-IV aGVHD (hazard ratio [HR] = 1,
P = .002). Similarly, the Log2-EASIX score mea-
sured on days 0, 7, 14, and 21 was predictive of
grade II-IV aGVHD, with the highest hazard ratio
(HR) for day + (HR - 2.31, P = .013) (Table 3).

Considering these results, optimal cutoff values
for TNFR1 and Log2-EASIX score on day 7 were
estimated to discriminate patients at high risk of
developing aGVHD. We found that patients with
TNFR1 � 1300 ng/mL (HR = 7.19, P = .006) and
Log2-EASIX � 3 (HR = 14.7, P < .001) at day 7 after
transplantation were more likely to develop grade

II-IV aGVHD with high predictive accuracy (C-
index of 74% and 81%, respectively) (Figure 2).

EASIX Dynamics and Log2-EASIX Cutoff
Applicability in the Validation Cohort

Similar to the experimental cohort, the Log2-
EASIX score increased from pretransplantation
levels to a peak on day 7, followed by a slight
decrease on days 14 and 21 after transplantation,
which remained above baseline (Figure 3A).
Patients who developed aGVHD had higher Log2-
EASIX scores throughout the analysis period, with
a peak on day 7 after transplantation (Figure 3A).
Patients with Log2-EASIX values �3 on day 7 after
transplantation had a significantly higher cumula-
tive incidence of grade II-IV aGVHD than those
with low values (HR = 1.82, P = .004) (Table 4,
Figure 3B). Moreover, the univariate analysis
show that the use of post-transplant high-dose
cyclophosphamide�based GVHD prophylaxis
(HR = 0.58, P = .009) and RIC regimen (HR = 0.64,
P = .037) were associated with a low risk of
aGVHD (Table 4). Multivariate analysis confirmed
that Log2-EASIX �3 had a predictive value for
aGVHD (HR = 1.98, P = .003) independently of the
age (HR = 0.99, P = .54), the type of GVHD

Figure 1. Graphical representation of the statistical trend in which plasma biomarkers and Log2-EASIX data move over time
after transplant with respect to pre-transplant values at the experimental cohort: (A) VCAM-1, (B) TNFR1, (C) VWF:Ag, and
(D) Log2-EASIX.
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Table 2
VCAM-1, TNFR1, VWF:Ag, and Log2-EASIX Median Values According to Presence of Grade II�IV aGVHD

Pre-transplantation Day 0 Day 3 Day 7 Day 14 Day 21

Experimental cohort

VCAM-1 (ng/mL)

None or grade I aGVHD (IQR) 58.1 (35.2-120.7) 73.5 (36.3-114) 93 (75-152) 97.9 (45-225.3) 181(50.2-277) 147.5 (55-247.3)

Grade II-IV aGVHD (IQR) 84 (54.8-241.4) 92.9 (61.8-175.3) 117.1 (68.7-149) 104 (40.7-237.7) 169 (51.5-238.5) 123.9 (51.5-198.8)

TNFR1 (ng/mL)

None or grade I aGVHD (IQR) 658.7 (521.9-745.3) 868.2 (567.4-1019.8) 745.1 (685-862.2) 791.3 (628.4-1212.6) 981 (748-1278.2) 942.7 (794.4-1429.5)

Grade II-IV aGVHD 849.6 (578.2-980.4) 1115.7 (759.6-1488.8) 965.8 (646.3-1254.9) 932.3 (716.2-1481.4) 1140.6 (993.8-1700.5) 1108.3 (937.3-1421.6)

VWF:Ag (ng/mL)

None or grade I aGVHD (IQR) 114.3 (98.7-167.3) 166.4 (154.7-208.6) 185 (136.2-242.9) 173.1 (112.7-322.5) 237.8 (119.5-402.6) 284.7 (216.1-404.1)

Grade II-IV aGVHD (IQR) 137.1 (111.4-167.1 182.9 (136.1-253.8) 198 (159.4-353.6) 187.4 (146.6-344.2) 194.3 (155.4-350.5) 250.5 (169.9-373)

Log2-EASIX

None or grade I aGVHD (IQR) 0.33 (�0.48 to 0.56) 0.72 (�0.69 to 0.96) — 1.49 (0.78-2.58) 1.12 (0.68-2.11) 0.54 (�1.07 to 1.23)

Grade II-IV aGVHD (IQR) 0.37 (-1.09-3.02) 1.18 (0.68-2.72) — 2.72 (0.23-4.26) 2.41 (0.55-3.33) 1.34 (0.32-2.05)

Validation cohort

Log2-EASIX

None or grade I aGVHD (IQR) 0.4 (�0.37 to 1.38) 0.54 (�0.16 to 1.36) — 2.4 (1.49-3.30) 1.95 (0.81-3.12) 1.95 (0.51-3.22)

Grade II-IV aGVHD (IQR) 0.88 (�0.02 to 1.97) 0.95 (0.14-2.03) — 2.91 (1.45-3.63) 2.26 (1.02-3.36) 2.01 (0.97-3.52)

Table 3
Predictive Value of VCAM-1, TNFR1, VWF:Ag, and Log2-EASIX for Grade II-IV Acute GVHD in the Experimental Cohort

Pretransplantation Day 0 Day 3 Day 7 Day 14 Day 21

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Analysis of the predictive value of VCAM-1, TNFR1, VWF:Ag for grade II-IV aGVHD

Univariate Analysis

VCAM-1 ng/mL 1 (0.99-1) .90 1 (0.99-1) .92 1 (0.99-1) .54 1 (1-1) <.001 0.99 (0.99-1) .27 0.99 (0.99-1) .44

TNFR1 ng/mL 0.99 (0.99-1) .49 1 (0.99-1) .42 1 (1-1) .001 1 (1-1) <.001 1 (1-1) <.001 1 (1-1) .002

VWF:Ag ng/mL 1 (0.99-1.01) .62 1 (0.99-1) .89 1 (0.99-1) .31 1 (0.99-1.01) .15 0.99 (0.99-1) .75 1 (0.99-1) .99

Multivariate regression analysis of the three plasma biomarkers at day 7

VCAM-1 ng/mL — — — 0.7 (0.99-1.01) .97 — —

TNFR1 ng/mL — — — 1.01(1.00-1.01) .002 — —

VWF:Ag ng/mL — — — 1.01 (0.99-1.01) .99 — —

Analysis of the predictive value of log2-EASIX for grade II-IV aGVHD

Univariate Analysis

Log2-EASIX 1.68 (0.96-2.98) .06 2.03 (1.14-3.61) .01 — 2.31 (1.19-4.48) .013 1.89 (1.16-3.07) .009 1.64 (1.14-2.37) .007
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prophylaxis (HR = 0.38, P = .005), intensity of con-
ditioning regimen (HR = 0.65, P = .10), and the
type of donor (HR = 2.29, P = .021) (Table 4). Log2-
EASIX values �3 on day 7 after transplantation
were also significantly associated with higher
NRM (HR = 1.18; 95% CI, 1.0-1.3; P = .03), and
lower OS (HR = 1.15; 95% CI, 1.0-1.2; P = .01).

DISCUSSION
In the present study we demonstrated that

plasma biomarkers of endothelial dysfunction,
mainly TNFR1, and the EASIX score showed a par-
allel post-transplantation dynamic, consisting of a

progressive increase through the period of obser-
vation after transplantation. Both parameters,
TNFR1 levels and EASIX score, were significantly
higher in patients who developed grade II-IV
aGVHD. We were able to identify a cutoff value of
these parameters in an experimental cohort of
patients that was significantly associated with an
increased risk of developing aGVHD. The predic-
tive value of the EASIX score as a surrogated of
endothelial dysfunction in predicting aGVHD was
confirmed in a large cohort. Our results suggest
that measuring endothelial damage using EASIX
score or plasma biomarkers is a promising

Figure 2. Cutoff value at day 7 to evaluate II-IV aGVHD in the experimental cohort for (A) TNFR1 and (B) Log2-EASIX.

Figure 3. Graphical representation of the statistical trend in which (A) Log2-EASIX data move over time after transplant with
respect to pretransplantation values at the validation cohort, and (B) Log2-EASIX cutoff value at day 7 to evaluate II-IV
aGVHD.
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approach to predict aGVHD development. In com-
parison to plasma biomarkers, the main advan-
tage of the EASIX score could be its simplicity, low
cost, and rapid results.

The early allogeneic post-transplantation
period is characterized by endothelial activation
and dysfunction, which can be detected by quan-
tification of various biomarkers of endothelial
injury. The origin of this endothelial damage is
multifactorial and includes the conditioning regi-
men, cytokines produced by the injured tissues,
bacterial endotoxins translocated through the
damaged gastrointestinal tract, use of the granu-
locyte colony-stimulating factor and calcineurin
inhibitors, the process of engraftment, and alloge-
neic reactions with donor-derived immune cells,
among others [29,30]. There is increasing evi-
dence that endothelial damage is the pathophysi-
ological substrate for the development of aGVHD
and a key factor in the development of steroid
refractory forms [8].

Several studies have shown that inflammatory
angiogenesis and neovascularization are central
events in endothelial damage during the develop-
ment of aGVHD and refractoriness to steroid
treatment [31�33]. Other findings indicative of
endothelial dysfunction include increased num-
bers of circulating endothelial cells and elevated
levels of the endothelial stress biomarkers such as
ST2, VWF, angiopoietin 2, and thrombomodulin
[34�36]. Some of these factors have also been
related to an increase in mortality in patients with
steroid-refractory aGVHD [10,37]. However, there
is less information on their value as predictors of
aGVHD risk.

We have previously shown that exposure of
endothelial cells in culture to sera from patients
who have received allo-HSCT causes endothelial
activation and damage, with a more pronounced
proinflammatory and prothrombotic phenotype
associatedwith aGVHD [9]. In this study, plasma lev-
els of VWF:Ag and TNFR1 above an optimal cutoff at
day 7 after transplantation were able to positively
predict that approximately 90% of patients would
develop aGVHD. Consistent with these findings, in
the present study we observed a progressive
increase in the plasma levels of VCAM-1, TNFR1 and
VWF:Ag after conditioning, as early as day 0, and
before infusion of hematopoietic progenitors.
Patients who developed aGVHD had higher levels of
all biomarkers than those without aGVHD. Among
all the plasma biomarkers, multivariate analysis
identified TNFR1 measured on days 7 as having the
greatest impact on developing aGVHD. All of these
data support the concept that aGVHD is associated
with severe endothelial injury, and that this endo-
thelial injury occurs several days before the clinical
diagnosis of aGVHD.

The quantification of plasma biomarkers of
endothelial dysfunction as predictors of aGVHD
risk has, however, technical limitations in clinical
practice. In that sense, the EASIX, a simple score
based on three laboratory parameters used world-
wide, was developed as a surrogate value of endo-
thelial dysfunction. Luft et al. [1] showed that
EASIX measured at the time of aGVHD diagnosis
was a powerful predictor of NRM and OS. In a sec-
ond study from the same authors, EASIX score
measured before conditioning regimen (EASIX-
pre) correlated with biomarkers of endothelial

Table 4
Predictive value of Log2-EASIX for grade II-IV aGVHD in the validation cohort.

HR (95% CI) P value

Univariate Analysis

Log2-EASIX �3 1.82 (1.21-2.74) .004

Age (continuous variable) 0.98 (0.97-1.01) .12

PTCy-based GVHD prophylaxis (versus other) 0.58 (0.38-0.87) .009

Mismatched and Haplo donor (MSD and 10/10 MUD) 1.12 (0.73-1.71) .60

RIC (versus MAC) 0.64 (0.43-0.97) .037

Donor cells from female to male (versus others) 0.89 (0.49-1.61) .72

Multivariate Regression Analysis: Predictors for grade II-IV aGVHD

Log2-EASIX �3 at day 7 1.98 (1.26-3.13) .003

Age (continuous variable) 0.99 (0.97-1.01) .540

PTCy-based GVHD prophylaxis (vs. other) 0.38 (0.19-0.75) .005

Mismatched and Haplo donor (MSD and 10/10 MUD) 2.29 (1.13-4.64) .021

RIC (versus MAC) 0.65 (0.39-1.09) .100

PTCy indicates post-transplantation high-dose cyclophosphamide; MSD, HLA-matched sibling donors.
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homeostasis such as CXCL8, interleukin-18, and
insulin-like growth-factor-1 serum levels [22].
They also found that higher values of EASIX-pre
predicted higher NRM, lower OS, and tended to be
associated with a higher risk of grade III-IV
aGVHD after allo-HSCT. In agreement with these
results, other studies have shown that higher
EASIX scores measured at different time points
before and after transplantation are associated
with poorer overall outcomes [18�20]. In the
experimental cohort of our study, endothelial dys-
function biomarkers and the EASIX score were
quantified from the pretransplantation period to
day 21 after transplantation. We observed a paral-
lel dynamic consisting of a progressive increase in
both parameters that was significantly higher in
patients who developed aGVHD. Patients with
TNFR1 � 1300 ng/mL (HR = 7.19, P = .006) and
Log2-EASIX � 3 (HR = 14.7, P < .001) at day 7 after
transplantation were more likely to develop grade
II-IV aGVHD with high predictive accuracy (C-
index of 74% and 81%, respectively). We con-
firmed the predictive value of EASIX at day 7 in a
large validation cohort that was independent of
the type of conditioning regimen, GVHD prophy-
laxis protocol, and type of donor. In agreement
with previous published studies, we also found an
association between EASIX score and post-trans-
plantation outcomes [18-20,38]. Thus patients
with Log2-EASIX � 3 at day 7 had a significant
higher risk of NRM and lower OS.

In the experimental cohort, only patients who
received RIC allo-HSCT were included, whereas
the validation cohort was composed of patients
who received both RIC and MAC transplants. This
could be considered a limitation of the study. Pre-
vious studies from our group have shown that
endothelial dysfunction after allo-HSCT can be
induced by any type of conditioning regimen [39].
MAC regimens seem to be associated with a
higher risk of endothelial damage-related clinical
manifestations than RIC [25]. In our study, the
analysis conducted in the experimental cohort
showed that plasma biomarkers and log2-EASIX
had similar post-transplant dynamics. Patients
with TNFR1 �1300 ng/mL and Log2-EASIX �3 at
day 7 after transplantation were more likely to
develop aGVHD with high predictive accuracy.
Therefore patients at risk of developing aGVHD
could be easily identified by a high EASIX score.
Based on these results, we aimed to confirm the
predictive value of EASIX in a large and heteroge-
neous cohort including both types of conditioning
regimens, RIC and MAC. Findings in the validation
cohort regarding log2-EASIX were similar to those

observed in the experimental cohort. As expected,
RIC was associated with a lower risk of aGVHD.
Multivariate analysis confirmed that Log2-EASIX
�3 had a predictive value for aGVHD indepen-
dently of the type of GVHD prophylaxis, intensity
of conditioning regimen and the type of donor. In
contrast to plasma biomarkers, EASIX can be eas-
ily used in clinical practice worldwide to predict
individual risk of developing aGVHD.

In conclusion, we showed, using 2 different
approaches, a differential degree of endothelial
damage in the early post-transplantation period
between patients who developed aGVHD and
those who did not. This endothelial damage
appears some days before the clinical diagnosis of
aGVHD onset. Patients at risk of developing
aGVHD could be easily identified by a high EASIX
score. Our results, together with those published
previously, may open a new window for preven-
tive strategies in patients at high risk of aGVHD
aimed at reducing endothelial dysfunction and
damage, such as defibrotide, statins or sildenafil.
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7. DISCUSIÓN 

La EICR continúa siendo hoy en día una de las principales complicaciones del 

aloTPH por su impacto sobre la supervivencia y la calidad de vida de los pacientes. 

Probablemente, uno de los mayores avances en este campo ha sido la introducción de 

la PTCy en la última década como parte de los esquemas de profilaxis. Aplicada en sus 

inicios al trasplante haploidéntico, PTCy se ha ido incorporando progresivamente al 

aloTPH de DnE y DE, reduciendo de forma significativa la incidencia de las formas 

graves de EICR. Sin embargo, a pesar de la popularidad de la PTCy, aún existen 

cuestiones pendientes sobre su uso.  

Al igual que muchos otros centros alrededor del mundo, nuestro grupo 

incorporó inicialmente la PTCy junto con Tac y MMF al programa de trasplante 

haploidéntico y en una segunda fase, al aloTPH de DnE y DE. Estos cambios se han 

realizado de una forma gradual y basada en el análisis de los resultados propios y de la 

bibliografía. En la presente Tesis Doctoral se recogen algunos de los trabajos realizados 

en nuestro centro que nos han permitido incorporar la PTCy más Tac (PTCy/Tac) como 

el estándar de profilaxis de EICR independientemente del tipo de donante.  

 

PTCy en el trasplante de donante no emparentado con y sin identidad HLA 

Para aquellos pacientes con indicación de aloTPH pero sin DE o DnE HLA 

idéntico, las opciones disponibles son un donante familiar haploidéntico o un donante, 

habitualmente DnE, con una disparidad antigénica en el HLA. En un primer análisis de 

nuestro grupo pudimos demostrar que en el aloTPH a partir de DnE con identidad HLA 

7/8, el uso de PTCy con Tac +/- MMF obtenía unos resultados similares al DnE HLA 8/8 

con profilaxis estándar en términos de incidencia de EICRa y crónica, MRT, SLP y SG 

[183]. Observamos además que existía una tendencia hacia una menor incidencia de 

EICRc moderada-grave y hacia una mejor SLP y SG en los DnE HLA 7/8 con PTCy vs. DnE 

HLA 8/8 con profilaxis convencional. En este estudio, el 69% de los pacientes recibieron 

únicamente un ICN junto con la PTCy, sin MMF, sin que ello afectara la incidencia de 

EICR. Estos hallazgos nos animaron a continuar con el esquema PTCy/Tac en el aloTPH 

de DnE HLA 7/8 y a testarlo en el trasplante de DnE HLA 8/8. 
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En el primer estudio presentado en esta Tesis Doctoral quisimos confirmar los 

resultados anteriores en una cohorte más amplia de DnE HLA 7/8 así como evaluar los 

resultados de la profilaxis con PTCy/Tac en el aloTPH de DnE HLA 8/8. Históricamente, 

el uso de DnE con una disparidad antigénica HLA se ha asociado a mayor MRT, mayor 

incidencia de EICR y de fallo del injerto. La mejor opción de profilaxis de la EICR para 

estos pacientes no está establecida. Hasta la fecha de la publicación de nuestro estudio 

existía escasa información sobre los resultados de PTCy en el contexto del aloTPH con 

DnE HLA 7/8. Además, la mayoría de los estudios utilizaban el modelo de 

inmunosupresión triple del trasplante haploidéntico que combina PTCy con ICN y MMF 

o MTX.

Nuestro estudio retrospectivo incluyó 109 receptores consecutivos de aloTPH de 

DnE HLA 7/8 (n=55) y DnE HLA 8/8 (n=54) usando PTCy/Tac y progenitores 

hematopoyéticos de SP, procedentes de un único centro. No se observaron diferencias 

entre los grupos con respecto a la incidencia de EICRa grados II-IV y III-IV y EICRc 

moderada-grave, siendo estas inferiores a lo reportado en la literatura con profilaxis de 

EICR convencional. Hubo sólo un caso de fallo de injerto primario. Ambos grupos 

mostraron una incidencia acumulada similar de MRT y de recaída, resultando en SLP y 

SG similares entre ambos grupos. Con todo ello pudimos concluir que la profilaxis de la 

EICR con PTCy/Tac hace de los DnE HLA 7/8 una excelente alternativa para los pacientes 

que no dispongan de un DE o DnE HLA 8/8. 

Durante los últimos años, los esquemas de profilaxis de EICR basados en ATG se 

han considerado el estándar para el aloTPH de DnE con disparidad HLA [228, 229]. En la 

Tabla 2 se muestran los resultados de tres estudios retrospectivos recientes que han 

comparado ATG vs. PTCy en este contexto junto con los resultados de nuestro estudio 

con PTCy [179-181]. En todos ellos, ATG o PTCy se combinó con otros dos 

inmunosupresores a diferencia de nuestro estudio en el que sólo usamos Tac. En el 

análisis de registro del EBMT publicado por Battipaglia y cols [179], PTCy se asoció a 

tasas más bajas de EICRa grado III-IV y tasas similares de EICRa grado II-IV y EICRc en 

comparación con la ATG. Además, la PTCy se asoció con mejor SLP y supervivencia sin 

recaída y libre de EICR clínicamente significativa. Las incidencias de EICRa y EICRc, SLP y 

SG observadas en nuestro estudio con la estrategia PTCy/Tac fueron similares a las 
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notificadas en la cohorte con PTCy del estudio del EBMT. En el estudio de Soltermann y 

cols, se exploró la eficacia de un protocolo con PTCy utilizando una dosis reducida (40 

mg/kg/día) en combinación con 2 inmunosupresores, comparando los resultados de la 

cohorte que recibió PTCy con la que recibió ATG [180]. La incidencia de EICRa grado II-IV 

fue significativamente menor en el grupo de PTCy, y se observó una tendencia a una 

menor incidencia de EICRc y MRT. Los pacientes tratados con PTCy tuvieron un mejor 

pronóstico en términos de SG a 1 año, con una SLP similar, a la de los pacientes tratados 

con ATG. Finalmente, en un estudio prospectivo de Mehta y cols [181], utilizando 

principalmente injertos de MO, no se observaron diferencias con respecto a la 

incidencia de EICRa, EICRc, MRT, recaídas, SLP y SG entre PTCy y ATG, equiparando 

ambas estrategias de profilaxis. En este caso, el uso de MO en lugar de SP podría haber 

contribuido a la ausencia de diferencias entre PTCy y ATG. 

Nuestros resultados coinciden con los reportados por los estudios que utilizan 

PTCy en combinación con ICN más MMF o MTX, lo que sugeriría que una profilaxis 

menos intensiva (PTCy/Tac) es suficiente para prevenir de forma eficaz los casos graves 

de EICR (Tabla 2 y 3) [179-182, 230]. En este sentido, la combinación óptima de 

inmunosupresores asociados a la PTCy sigue siendo un tema de debate. Aunque la 

administración de PTCy en monoterapia ha demostrado ser factible y eficaz en el 

trasplante mieloablativo de MO de DnE HLA idéntico, se ha descrito una mayor 

incidencia de EICRa y MRT con el uso de injertos de SP, lo que sugiere que en este 

contexto es necesario añadir un inmunosupresor más a los esquemas de profilaxis [171, 

174, 231, 232]. En el caso del aloTPH de DnE, la mayoría de los estudios se han 

realizado utilizando esquemas de profilaxis para la EICR basados en la estrategia 

original del trasplante haploidéntico, con tres fármacos: PTCy más ICN y MMF, MTX o 

sirólimus (Tabla 2 y 3) [179-182, 230, 233]. En un estudio retrospectivo del EBMT, 

Ruggeri y cols. [234] analizaron 423 pacientes que recibieron un aloTPH de DE y DnE 

HLA idénticos usando PTCy en monoterapia o en combinación con otros IS. En 

comparación con la administración de PTCy en monoterapia, el análisis multivariado 

reveló que añadir 2 inmunosupresores al esquema de profilaxis se asocia con una 

reducción significativa de la incidencia de la EICRc extensa y del riesgo de MRT, así 

como con una mayor SG. Cabe señalar que, una proporción importante de pacientes en  



Tabla 2. Estudios recientes aloTPH de DnE con disparidad HLA en un locus y esquemas basados PTCy vs ATG y nuestros resultados. 

Estudio Cohorte Profilaxis 
Régimen de 

acondicionamiento 
EICRa EICRc MRT Recaída SLP SG 

Pedraza y cols. 
Retrospectivo 

DnE HLA 7/8 

n=55 

DnE HLA 8/8 

n=54 

PTCy +Tac MAC: 48% 

RIC: 52% 

II-IV: 31% vs. 32% 

(p=0.9)

III-IV: 9% vs. 7% 

(p=0.7)

A 1 año 

Global: 33% vs. 19% 

(p=0.1) 

Mod-sev: 18% vs. 14% 

(p=0.6) 

A 1 año 

13% vs. 9% 

(p=0.4) 

A 3 año 

24% vs.25% 

(p=0.7) 

A 3 año 

56% vs. 57% 

(p=0.9) 

A 3 año 

64% vs. 65% 

(p=0.6) 

Battipaglia y cols. 

Retrospectivo 

EBMT [179] 

DnE HLA 9/10 

n=272 

PTCy, n=93 vs. 

ATG, n=179 

Asociado a 

CsA/Tac + 

MMF/MTX 

MAC: 50% 

RIC: 50% 

II-IV: 30% vs. 32% 

(p=0.39)

III-IV: 9% vs. 19% 

(p<0.04)

A 2 años 

Extensiva 17% vs. 20% 

(p=0.31)  

A 2 años 

16% vs. 29% 

(p=0.06) 

A 2 años 

29% vs. 37% 

(p=0.31) 

A 2 años 

55% vs. 34% 

(p<0.05) 

A 2 años 

56% vs. 38% 

(p=0.07) 

Soltermann y cols. 

Retrospectivo 
[180] 

DnE HLA 9/10 

n=80 

PTCy (40mg/Kg) 

n=22 vs. 

ATG, n=58 

Asociado a 

ICN+MTX/MMF 

MAC: 56% 

RIC:44% 

II-IV: 15% vs. 50% 

(p=0.006)

26% vs. 35% 

(p=0.14) 

A 1 año 

5% vs. 28% 

(p=0.07) 

A 1 años 

18% vs. 15% 

(p=0.74) 

A 1 años 

77% vs. 57% 

(p=0.11) 

A 1 años 

91% vs. 64% 

(p=0.008) 

Mehta y cols. 

Prospectivo 
[181] 

DnE HLA 9/10 

n=113 

DnE HLA 7/8 

n=84 

PTCy, n=41 vs. 

ATG, n 72 

Asociado a 

ICN+MTX/MMF 

MAC: 48% 

RIC: 52% 

II-IV: 37% vs. 36% 

(p=0.8)

III-IV: 17% vs.12% 

(p=0.5)

A 2años 

30% vs. 42%  

(p=0.6) 

A 2 años 

35% vs. 25% 

(p>0.5) 

A 2 años 

20% vs. 31% 

(p>0.5) 

A 2 años 

42% vs. 38% 

(p>0.5) 

A 2 años 

52% vs. 40% 

(p>0.5) 

Jiménez y cols. 

Prospectivo 

CIBMTA 
[235 ] 

DnE HLA 7/8 

n=102 

DnE HLA < 7/8 

n=26 

PTCy, n=82 vs. 

ATG, n =46 

Asociado a 

Tac/Sirólimus 

+MMF

III-IV: 15% vs. 31% 

(p=0.03)

A 1 año 

Global: 9% vs. 22% 

(p=0.03) 

A 1 año 

16% vs. 38% 

(p<0.001) 

A 1 años 

16% vs. 24% 

(p=0.3) 

A 1 años 

69% vs. 38% 

(p<0.001) 

A 1 años 

75% vs. 45% 

(p<0.001) 
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Tabla 3. Estudios recientes con aloTPH de DnE con disparidad HLA en un locus usando esquemas basados en PTCy. 

Estudio Cohorte Profilaxis 
Régimen de 

acondicionamiento 
EICRa EICRc MRT Recaída SLP SG 

Pedraza y cols. 
Retrospectivo 

DnE HLA 7/8 

n=55 

DnE HLA 8/8 

n=54 

PTCy +Tac MAC: 48% 

RIC: 52% 

II-IV: 31% vs. 32% 

(p=0.9)

III-IV: 9% vs. 7% 

(p=0.7)

A 1 año 

Global: 33% vs. 19% 

(p=0.1) 

Mod-sev: 18% vs. 14% 

(p=0.6) 

A 1 año 

13% vs. 9% 

(p=0.4) 

A 3 año 

24% vs.25% 

(p=0.7) 

A 3 año 

56% vs. 57% 

(p=0.9) 

A 3 año 

64% vs. 65% 

(p=0.6) 

Gaballa y cols. 

Prospectivo  
[182] 

DnE HLA 9/10 

n=46 

PTCy +Tac +MMF RIC: 100% II-IV: 33% 

III-IV: 13% 

A 2 años 19% A 1 años 31% A 1 años 19% A 1 años 47% A 1 años 60% 

Kasamon y cols. 

Prospectivo 
[233] 

DnE HLA 9/10 

n=11 

DnE HLA 8/10 

n=4 

DnE HLA <7/10 

n=5 

PTCy +MMF+ 

Sirólimus 

RIC:100% II-IV: 20% 

III-IV: 0% 

A 1 año 16% A 1 año 0% 

A 2 años 6% 

A 1 años 35% A 3 años 52% A 3 años 62% 

Lorentino y cols. 

Retrospectivo 
[230] 

DnE HLA 10/10 

n=305 

DnE HLA 9/10 

n=159 

PTCy en 

monoterapia o 

en combinación 

con otros IS 

MAC: 54% 

RIC: 46% 

II-IV: 28% vs. 28% 

(p=0.84)

III-IV: 10 vs.8% 

(p=0.51)

A 2años 

35% vs. 44%  

(p=0.21) 

A 2 año 

20% vs. 16% 

(p=0.15) 

A 2 año 

24% vs. 28% 

(p=0.41) 

A 2 años 

56% vs. 56% 

(p=0.64) 

A 2 años 

62% vs. 59% 

(p=0.86) 
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los grupos que recibieron uno (36%) o dos (49%) fármacos también realizaron una 

depleción de linfocitos T con ATG, a diferencia del grupo que solo recibió PTCy. Por el 

contrario, en un estudio publicado recientemente que comparó pacientes que 

recibieron un trasplante de DnE HLA idéntico y DnE con disparidad HLA usando 

profilaxis con PTCy en monoterapia o en combinación con uno o dos IS, no se 

observaron diferencias en los resultados entre los grupos que se estratificaron según el 

número total de IS utilizados [230]. Los autores reportaron incidencias de  EICRa y 

EICRc  muy similares a las observadas en nuestro estudio con PTCy/Tac.  

Trabajos posteriores a nuestra publicación, usando esquemas con triple 

inmunosupresión, coinciden con nuestros  hallazgos. Jiménez y cols. [235] analizaron 

los registros de 128 pacientes receptores de un aloTPH de DnE HLA 7/8 o inferior a 7/8, 

administrando como profilaxis para la EICR PTCy (n=82) o ATG (n=46) en combinación 

con sirólimus o Tac más MMF. De nuevo, el grupo PTCy presentó menor MRT e 

incidencia de EICRa y crónica, y mayor SLP, SG y supervivencia sin recaída libre de EICR 

en comparación con ATG, con valores muy similares a los de nuestra investigación. En 

un estudio prospectivo de Shaw y cols. el análisis de los datos de una cohorte de 

aloTPH de MO de DnE HLA igual o menor a 7/8 (n=80), utilizando como profilaxis PTCy 

más Tac y MMF, mostro resultados semejantes a los nuestros en referencia a la MRT, 

incidencia de EICR y SG [236]. En el último congreso anual de la Sociedad Americana de 

Hematología, Auletta y cols. [237] presentaron los resultados de un estudio de registro 

del CIBMTR en pacientes que habían recibido un aloTPH con PTCy de DnE HLA 7/8 

(n=613) y HLA 8/8 (n=1681). Al igual que lo observado por nosotros, no encontraron 

diferencias entre ambos grupos con respecto a la SG y supervivencia sin recaída y libre 

de EICR.   

Un dato importante para destacar de nuestro estudio es que, aún llevando un 

único IS adicional a la PTCy, la mayoría de los pacientes vivos y sin recaída estaban libres 

de inmunosupresión a los 12 y 24 meses después del trasplante tanto para los que 

recibieron injertos de DnE HLA 8/8 (88.5% y 96.6%, respectivamente) como de DnE HLA 

7/8 (88.5% y 96.8%, respectivamente). Ello refleja la eficacia del esquema de 

prevención de la EICR y podría tener efectos positivos sobre la reconstitución inmune 

post-trasplante reduciendo el riesgo de infecciones tardías. 
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La principal limitación de nuestro estudio es su carácter retrospectivo. Sin 

embargo, como punto fuerte destacamos que todos los pacientes fueron tratados 

consecutivamente en una sola institución utilizando los mismos criterios de selección 

de donante, protocolos de acondicionamiento y cuidados básicos. Nuestros resultados 

nos han permitido establecer en nuestro centro el esquema PTCy/Tac en el aloTPH de 

DnE como estándar de profilaxis de EICR, independientemente de la 

histocompatibilidad HLA. Los análisis posteriores realizados como control de calidad de 

nuestro programa de aloTPH corroboran los resultados publicados en esta Tesis 

Doctoral. 

Dosis de progenitores hematopoyéticos en el ámbito de la PTCy 

En el segundo estudio nos planteamos analizar el efecto de la dosis de células 

CD34+ infundidas sobre los resultados del aloTPH en pacientes que recibieron PTCy 

como profilaxis de la EICR. Al igual que en los aloTPH con profilaxis convencional de 

EICR, la fuente de progenitores más utilizada en el aloTPH con PTCy es la SP.  

Analizamos retrospectivamente en nuestro centro, los datos de 221 pacientes 

que recibieron un aloTPH con PTCy a partir de diferentes tipos de donante: DE, DnE HLA 

8/8, DnE HLA 7/8 y haploidéntico. El punto de cohorte de las células CD34+ 

administradas se estableció en 5 x 106/kg, lo que permitió dividir la cohorte en dos 

grupos, teniendo en cuenta que 8 x 106/kg células CD34+ es la dosis máxima 

recomendada en nuestro protocolo institucional: dosis alta (de 5 a 8 x 106/kg células 

CD34+) y dosis baja (≤ 5 x 106/kg células CD34+).  

Nuestra investigación mostró que el impacto de la dosis de células CD34+ en los 

resultados de supervivencia del aloTPH de SP con PTCy depende del tipo de donante. 

Así, la administración de una dosis < 5 x 106/kg de células CD34+ se asoció con una peor 

SG (HR 6,01, p=0,004) y SLP (HR 4,57, p=0,004) en los trasplantes haploidénticos pero 

no cuando se utilizaron DE, DnE HLA 8/8 o DnE HLA 7/8. Por otro lado, en consonancia 

con estudios previos, la dosis alta de células CD34+ se asoció con una recuperación más 

rápida de neutrófilos y plaquetas en todos los pacientes, independientemente del tipo 
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de donante elegido para el trasplante [238]. La dosis de células CD34+ administrada no 

influyó en la incidencia de la EICRa o crónica.  

Varios estudios han analizado el efecto que tiene la dosis de progenitores 

hematopoyéticos sobre los resultados del aloTPH en el contexto de la profilaxis 

convencional de EICR, no PTCy, obteniendo resultados dispares. [90-94, 239]. Aunque 

los umbrales de la dosis de células CD34+ usados en estos análisis son variados, algunos 

estudios mostraron que las dosis más altas se asocian con mayor riesgo de EICRc, MRT 

y recaída [96, 98, 240]. 

  Recientemente, algunos grupos de investigación han evaluado el efecto de la 

dosis de células CD34+ en los resultados del aloTPH con PTCy [241, 242]. El EBMT 

publicó un estudio retrospectivo basado en los registros de 414 trasplantes 

haploidénticos, incluyendo como profilaxis para la EICR esquemas basados en PTCy o 

ATG [241]. Los pacientes fueron divididos en dos grupos según la dosis de CD34+ 

administrada, teniendo en cuenta como punto de corte 4,96 x 106/kg, muy similar al de 

nuestro estudio.  Los pacientes del grupo que recibió dosis altas tuvieron mejores tasas 

de injerto de neutrófilos y plaquetas, y lograron una recuperación hematopoyética en 

menos tiempo que los que recibieron dosis bajas. De forma similar a lo observado en 

nuestro estudio, la dosis de células CD34+ no afectó al desarrollo de EICRa o crónica. La 

supervivencia de los pacientes que recibieron > 4,96 x 106/kg células CD34+ fue 

superior, gracias principalmente a que presentaron menos MRT. El tipo de profilaxis de 

la EICH administrada (PTCy o ATG) no influyó en la supervivencia de los pacientes. 

Nuestros resultados en los trasplantes haploidenticos, usando un punto de corte 

prácticamente idéntico, fueron similares a los del estudio del EBMT.  

En un reciente estudio, Salas y cols. evaluaron el impacto de la dosis de células 

CD34+ en 68 pacientes que recibieron un trasplante haploidéntico de SP utilizando 

acondicionamientos no mieloablativos y profilaxis para la EICR con PTCy más ATG [242]. 

Los pacientes se dividieron en 2 grupos utilizando como punto de corte una dosis de 

células CD34+ de 9 x 106/kg.  Los autores reportaron que los trasplantes con injertos de 

mayor celularidad (≥ 9 x 106/kg) tenían una SG significativamente inferior y una 

tendencia a mayor MRT y menor SLP. No se observaron diferencias significativas en los 

resultados del trasplante cuando se utilizaron otros valores de corte sobre la dosis de 
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progenitores (7 x 106/kg, 8 x 106/kg, y 10 x 106/kg). El análisis no incluyo los resultados 

sobre el uso de injertos con dosis inferiores a 5 x 106/kg de células CD34+. En nuestro 

estudio, la administración de progenitores se limitó a una dosis máxima de 8 x 106/kg 

de células CD34+, de acuerdo con las directrices de nuestro protocolo institucional 

basado en publicaciones previas que asociaron las dosis altas de células CD34+ con 

peores resultados en el post-trasplante cuando se utiliza una profilaxis convencional de 

la EICR [95, 96, 98, 240]. Por lo tanto, en nuestro estudio no pudimos analizar el 

impacto de dosis > 8 x 106/kg en los resultados del aloTPH. Sin embargo, ambos 

estudios ponen de manifiesto la relevancia del tipo de donante en cuanto al potencial 

impacto de la dosis de células CD34+ sobre la supervivencia post-trasplante y podrían 

sugerir que en el contexto haploidéntico la dosis óptima estaría situada entre 5 y 9 x 

106/kg células CD34+. 

Con respecto a los resultados en los trasplantes de otro tipo de donantes, 

Elmariah y cols. analizaron retrospectivamente los datos de pacientes que recibieron un 

aloTPH de SP de DE, DnE HLA 10/10, DnE HLA 7/8 y haploidéntico con esquemas de 

profilaxis para la EICR basados en PTCy [238]. La dosis de células CD34+ infundidas se 

estratificó en un grupo de dosis baja (5 < 106/kg), otro de dosis intermedia (5 a 10 x 

106/kg) y un último grupo de dosis alta (> 10 x 106/kg). Al igual que en nuestro estudio, 

la dosis de células CD34+ no tuvo un impacto significativo en la incidencia de EICRa y 

crónica, ni en la tasa de recaída. Sin embargo, a diferencia de nuestros hallazgos, el 

análisis multivariado mostró peores tasas de MRT, SLP y SG en el grupo de dosis baja en 

comparación con el grupo de dosis intermedia, independientemente del tipo de 

donante. Es importante mencionar que el número de aloTPH de DE y DnE fue muy 

inferior al analizado en nuestro estudio (8% vs 59%) y que además los tipos de 

acondicionamiento y los esquema de profilaxis de la EICR utilizados fueron diferente 

entre ambos estudios, todo ello podría haber contribuido con estas discrepancias.  

La principal limitación de nuestra investigación es su carácter retrospectivo y el 

número relativamente pequeño de pacientes que recibieron un aloTPH haploidéntico 

en el grupo de dosis bajas de células CD34+. Aunque el tamaño muestral de este grupo 

puede afectar el impacto estadístico, destacamos que nuestro análisis fue capaz de 
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detectar diferencias en los resultados entre los grupos de dosis baja y alta, hallazgos 

acordes con los de otros estudios en el mismo contexto [238, 241].                                                                        

 

Biomarcadores de daño endotelial como predictores de EICRa    

 Otro aspecto clave en la investigación dirigida a mejorar los resultados clínicos 

del aloTPH es la identificación precoz de los pacientes con alto riesgo de padecer EICR. 

En el tercer estudio presentado en esta Tesis Doctoral nos propusimos evaluar la 

capacidad potencialmente predictiva de EICRa de tres biomarcadores plasmáticos de 

lesión endotelial y del EASIX. 

Tras analizar los niveles VCAM-1, TNFR1, VWF:Ag e EASIX antes del aloTPH y en 

los días 0, +3, +7, +14 y +21 después del trasplante en una cohorte experimental de 33 

pacientes, nuestros resultados revelaron que estos biomarcadores plasmáticos de 

disfunción endotelial, principalmente el TNFR1, e EASIX presentaban una dinámica 

post-trasplante paralela, progresivamente ascendente. Ello nos sugirió que EASIX es 

equiparable a los biomarcadores plasmáticos, con la ventaja de ser fácilmente 

calculable y con resultados inmediatos. Pudimos además identificar un punto de corte 

para ambos parámetros relacionado con el riesgo de EICRa. Así, los pacientes con 

TNFR1 ≥1.300 ng/mL (HR =7,19, p=0,006) y el logaritmo en base 2 de EASIX (Log2-

EASIX) ≥3 (HR=14,7, p<0,001) en el día +7 tuvieron más probabilidades de desarrollar 

EICRa con una precisión predictiva alta (C-index del 74% y 81%, respectivamente).  

El valor predictivo de EASIX como marcador indirecto de daño endotelial en la 

predicción de la EICR se confirmó en una cohorte más amplia de validación (n=321), 

donde los pacientes con Log2-EASIX ≥3 el día +7 presentaron una incidencia 

significativamente mayor de EICRa grado II-IV (HR=1,94, p=0,004) independientemente 

de la profilaxis para la EICR, del régimen de acondicionamiento y del tipo de donante. 

Además, los pacientes con Log2-EASIX >3 en el día +7 presentaron un riesgo 

significativamente mayor de MRT y menor SG. Nuestros resultados sugieren que la 

evaluación del daño endotelial mediante el EASIX o los biomarcadores plasmáticos 

constituye un enfoque prometedor para predecir el desarrollo de EICRa y que, en 
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comparación con los biomarcadores plasmáticos, la principal ventaja del EASIX es su 

sencillez, bajo coste y resultados rápidamente accesibles. 

En un subanálisis posterior a la publicación de este estudio pudimos comprobar 

que los resultados mostrados para EASIX tanto en la cohorte experimental como en la 

cohorte de validación eran similares en el grupo formado únicamente por pacientes 

que recibieron profilaxis de la EICR con PTCy. En estos pacientes los valores de Log2-

EASIX ≥3 el día +7 eran significativamente superiores en aquellos que presentaron 

EICRa grado II-IV (HR=1,9, p=0,04) independientemente del tipo de donante y régimen 

de acondicionamiento utilizado. Estos resultados se han confirmado en una reciente 

publicación de nuestro grupo, mostrando que tanto con PTCy como con profilaxis 

convencional de EICR, EASIX puede predecir el riesgo de MRT, la SG, y el riesgo de 

complicaciones endoteliales como el SOS hepático, la MAT y la EICRa [243]. 

Cada vez existen más pruebas de que el daño endotelial es el sustrato 

fisiopatológico para el desarrollo de EICRa y un factor clave en el desarrollo de las 

formas clínica refractarias a corticoides [203]. En el periodo post-trasplante temprano, 

el endotelio experimenta una activación e incluso una disfunción que puede ser 

identificada mediante la cuantificación de diferentes biomarcadores plasmáticos de 

lesión endotelial [244]. El origen de este daño endotelial es multifactorial e incluye 

causas farmacológicas (acondicionamiento e ICN), la producción de citoquinas 

proinflamatorias por parte de los tejidos lesionados, traslocación de endotoxinas 

bacterianas desde el tracto gastrointestinal, el proceso derivado del injerto 

hematopoyético o la alorreactividad del injerto, entre muchos otros [192, 245]. Varios 

estudios han demostrado que la angiogénesis inflamatoria y la neovascularización son 

eventos centrales en la lesión endotelial durante el desarrollo de la EICRa y la 

refractariedad al tratamiento esteroideo [26, 246, 247]. Otros hallazgos indicativos de 

disfunción endotelial incluyen un mayor número de células endoteliales circulantes y 

niveles elevados de biomarcadores de estrés endotelial como ST2, VWF, angiopoyetina 

2 y trombomodulina [248, 249, 250]. Algunos de estos factores también se han 

relacionado con un aumento de la mortalidad en pacientes con EICRa refractaria a 

esteroides [251,252].  
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El Grupo del Endotelio de Barcelona (BET, por sus siglas en inglés) demostró 

previamente a esta Tesis Doctoral que la exposición de cultivos de células endoteliales 

in vitro a sueros de pacientes que han recibido un aloTPH produce activación y daño 

endotelial, con un fenotipo proinflamatorio y protrombótico más destacado en los 

pacientes con EICRa [214]. En este estudio, los niveles plasmáticos de VWF y TNFR1 por 

encima de un límite óptimo medidos el día +7 post-trasplante pudieron predecir el 90% 

de los pacientes con riesgo de desarrollar EICRa. Estos datos fueron la base para el 

diseño de nuestro trabajo. De forma similar, nosotros observamos un aumento 

progresivo en los niveles plasmáticos de VCAM-1, TNFR1 y VWF:Ag después del 

acondicionamiento hasta el día +21 tras la infusión de progenitores hematopoyéticos. 

Los niveles de todos los biomarcadores analizados fueron más altos en los pacientes 

que desarrollaron EICRa en comparación con aquellos que no presentaron esta 

complicación. Entre todos los biomarcadores plasmáticos evaluados, el análisis 

multivariado identificó al TNFR1 medido en el día +7 como el que tenía mayor 

capacidad para discriminar los pacientes que desarrollarían EICRa. Todos estos datos 

respaldan el concepto de que la EICRa se asocia con una lesión endotelial grave y que 

esta lesión endotelial ocurre varios días antes del diagnóstico clínico de la EICRa. 

Sin embargo, la cuantificación de los biomarcadores plasmáticos de disfunción 

endotelial como factores predictivos del riesgo de EICRa tiene limitaciones técnicas de 

implementación y reproductibilidad que dificultan su uso en la práctica clínica habitual. 

En este sentido, el uso de EASIX, un cálculo simple basado en tres parámetros de 

laboratorio de rutina utilizados de manera universal por los servicios de trasplante, 

como evaluador indirecto de la disfunción endotelial, podría facilitar la identificación de 

los pacientes con mayor riesgo de presentar EICRa. Luft y cols. demostraron que EASIX 

medido en el momento del diagnóstico de EICRa era un potente predictor de MRT y SG 

[223]. En un segundo estudio de los mismos autores, la puntuación de EASIX medida 

antes del régimen de acondicionamiento (EASIX-pre) se correlacionó con 

biomarcadores de la homeostasis endotelial como CXCL8, interleucina-18 y niveles 

séricos del factor de crecimiento similar a la insulina-1 [224]. Estos autores también 

demostraron que los valores más altos de EASIX-pre eran predictivos de una mayor 

MRT, una menor SG, y tendían a asociarse con un mayor riesgo de EICRa grado III-IV. De 
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acuerdo con estos resultados, otros trabajos han demostrado que las puntuaciones de 

EASIX más altas medidas en diferentes momentos antes y después del trasplante se 

asocian con peores resultados a nivel general [253-255]. De forma similar, nuestros 

hallazgos muestran una asociación entre EASIX elevado y mayor mortalidad y menor 

SG. 

Una limitación de este estudio podría ser el hecho de que la cohorte 

experimental estaba formada solo por pacientes que recibieron aloTPH con 

acondicionamientos no mieloablativos, mientras que la cohorte de validación estuvo 

compuesta por pacientes que recibieron trasplantes con acondicionamientos 

mieloablativos y RIC. Sin embargo, estudios anteriores del BET demostraron que, 

aunque los regímenes mieloablativos parecen estar asociados con un mayor riesgo de 

manifestaciones clínicas relacionadas con el daño endotelial que los RIC [256], la 

disfunción endotelial después del aloTPH se puede desarrollar a partir de la 

administración de cualquier tipo de acondicionamiento [189]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PERSPECTIVAS DE INVESTIGACIÓN FUTURAS 

Los trabajos presentados en esta Tesis Doctoral han ayudado a consolidar la 

profilaxis de EICR con PTCy/Tac como el estándar en nuestro centro, a establecer una 

recomendación sobre la dosis de células CD34+ administrada a los pacientes y a 

identificar el EASIX como un marcador de riesgo de EICRa y mayor mortalidad en los 

receptores de un aloTPH. 

Esta línea de investigación en torno a la PTCy se encuentra activa y ha dado 

lugar a la publicación de numerosos estudios de nuestro grupo donde se han analizado 

aspectos como los resultados de su aplicación en aloTPH en pacientes añosos [257], el 

riesgo de infecciones [258], el riesgo cardiológico [259], análisis farmacocinéticos y 

farmacogenómicos del esquema PTCy/Tac [260, 261] , la capacidad predictiva de MRT 

del EASIX [262] y la relación entre EASIX y los eventos cardíacos post-trasplante [263], 

entre otros. Otros análisis en este contexto se encuentran en marcha, como por 

ejemplo la modificación del protocolo asistencial PTCy/Tac con reducción de la dosis de 

PTCy en el aloTPH de DE y DnE HLA 8/8 con la finalidad de optimizar los resultados del 

aloTPH reduciendo la toxicidad y preservando su eficacia en la prevención de la EICR, 

cuyos resultados preliminares están siendo evaluados a fecha de hoy para su 

publicación. 
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8. CONCLUSIONES

1. La profilaxis de la enfermedad injerto contra receptor (EICR) con altas dosis de

ciclofosfamida post-trasplante (PTCy) y tacrólimus en el trasplante alogénico de

progenitores hematopoyéticos de donantes no emparentados HLA 7/8 y HLA 8/8

consigue tasas EICR aguda grave y EICR crónica moderada-grave inferiores a 10% y

20%, respectivamente, sin diferencias entre ambos grupos.

2. La supervivencia global, libre de progresión y la supervivencia sin recaída libre de

EICR son similares entre los pacientes que reciben un trasplante alogénico de

donante no emparentado HLA 7/8 y de donante no emparentado HLA 8/8.

3. La mayoría de los receptores de un trasplante a partir de un donante no

emparentado con PTCy y tacrólimus están libres de tratamiento inmunosupresor a

los 12 meses post-trasplante (80% si HLA 7/8 y 88% si HLA 8/8).

4. Esta estrategia profiláctica es capaz de superar el impacto negativo que supone la

disparidad del HLA en un solo locus y hace de los donantes no emparentados HLA

7/8 una alternativa factible y segura para los pacientes que carecen de un donante

emparentado o no emparentado HLA idéntico.

5. En el contexto de los esquemas profilácticos de EICR basados en PTCy, la dosis de

células CD34+ no influye en los resultados de supervivencia tras el trasplante de

donante emparentado, donante no emparentado HLA idéntico y donante no

emparentado con disparidad en un locus. Sin embargo, en los trasplantes

haploidénticos de sangre periférica, la administración de una dosis menor o igual a

5 x 106/kg células CD34+ reduce significativamente la supervivencia global y

supervivencia libre de progresión de los pacientes.

6. La dosis de progenitores hematopoyéticos influye significativamente sobre la

velocidad del injerto hematopoyético en los receptores de un trasplante alogénico

de sangre periférica cuando se usan esquemas de profilaxis para la EICR basados en
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PTCy. Así, la administración de una dosis de células CD34+ entre 5 – 8 x106/Kg logra 

un injerto de neutrófilos y plaquetas más rápido, independientemente del tipo de 

donante elegido.   

7. De acuerdo con lo anterior, es recomendable el uso de una dosis de células CD34+

superior a 5 x 106/kg en todos los trasplantes alogénico de sangre periférica que

usan como profilaxis esquemas que incluyen PTCy, independientemente del tipo

de donante.

8. La dinámica post-trasplante de los biomarcadores plasmáticos de daño endotelial:

antígeno del factor Von Willebrand (VWF:Ag), molécula de adhesión de células

vasculares (VCAM-1) y receptor del factor de necrosis tumoral α (TNFR1), y del

Índice de Activación y Estrés Endotelial (EASIX) es similar y progresivamente

ascendente en el post-trasplante inmediato de todos los receptores de un

trasplante alogénico de progenitores hematopoyéticos. Por ello, se podría

considerar que el EASIX es equiparable a los biomarcadores plasmáticos de daño

endotelial.

9. Los valores elevados de TNFR1 e EASIX en el día +7 post-trasplante predicen el

desarrollo de la EICR aguda grado II-IV con una precisión alta.

10. Una puntuación elevada de EASIX puede identificar de forma sencilla, rápida y

económica a los pacientes con alto riesgo de desarrollar EICR aguda,

independientemente del régimen de acondicionamiento, la profilaxis de la EICR y el

tipo de donante utilizados en el trasplante. Este hallazgo podría permitir una

intervención preventiva dirigida a proteger el endotelio vascular en los pacientes

con alto riego de EICR aguda.

93



9. BIBLIOGRAFIA

1. Chabannon C, Kuball J, Bondanza A, Dazzi F, Pedrazzoli P, Toubert A et al.
Hematopoietic stem cell transplantation in its 60s: A platform for cellular therapies.
Sci Transl Med. 2018;10(436):eaap9630.

2. Cooper J, Storer B, Granot N, Gyurkocza B, Sorror ML, Chauncey TR et al. Allogeneic
hematopoietic cell transplantation with non-myeloablative conditioning for
patients with hematologic malignancies: Improved outcomes over two decades.
Haematologica. 2021;106(6):1599-1607.

3. Epstein RB, Storb R, Ragde H and Thomas ED. Transplantation. 1968;6(1):45-58.
4. Hansen JA, Clift RA, Thomas ED, Buckner CD, Storb R and Giblett ER.

Transplantation of marrow from an unrelated donor to a patient with acute
leukemia. N Engl J Med. 1980;303(10):565-7.

5. Giralt S, Logan B, Rizzo D, Zhang MJ, Ballen K, Emmanouilides C et al. Reduced-
intensity conditioning for unrelated donor progenitor cell transplantation: long-
term follow-up of the first 285 reported to the national marrow donor program.
Biol Blood Marrow Transplant.2007;13(7):844-52.

6. Kröger N, Lacobelli S, Franke G, Platzbecker U, Uddin R, Hübel R et al. Dose-
Reduced Versus Standard Conditioning Followed by Allogeneic Stem-Cell
Transplantation for Patients With Myelodysplastic Syndrome: A Prospective
Randomized Phase III Study of the EBMT (RICMAC Trial). J Clin Oncol. 2017;
35(19):2157-2164.

7. Slavin S, Ackerstein A, Naparstek E, Or R and Weiss L. The graft-versus-leukemia
(GVL) phenomenon: is GVL separable from GVHD?. Bone Marrow Transplant. 1990;
6(3):155-61.

8. McSweeney PA, Niederwieser D, Shizuru JA, Sandmaier BM, Molina AJ, Maloney
DG et al. Hematopoietic cell transplantation in older patients with hematologic
malignancies: replacing high-dose cytotoxic therapy with graft-versus-tumor
effects. Blood. 2001;97(11):3390–400.

9. Kessinger A, Smith DM, Strandjord SE, Landmark JD, Dooley DC, Low P et al.
Allogeneic transplantation of blood-derived, T cell-depleted hemopoietic stem cells
after myeloablative treatment in a patient with acute lymphoblastic leukemia.
Bone Marrow Transplant. 1989;4(6):643-6.

10. Schmitz N, Beksac M, Bacigalupo A, Ruutu T, Nagler A, Gluckman E et al. Filgrastim-
mobilized peripheral blood progenitor cells versus bone marrow transplantation
for treating leukemia: 3-year results from the EBMT randomized trial.
Haematologica. 2005;90(5):643-8.

11. Gimeno C, Solano C, Latorre JC, Hernandez-Boluda JC, Clari MA, Remigia MJ et al. J
Clin Microbiol. Quantification of DNA in plasma by an automated real-time PCR
assay (cytomegalovirus PCR kit) for surveillance of active cytomegalovirus infection
and guidance of preemptive therapy for allogeneic hematopoietic stem cell
transplant recipients. 2008;46(10):3311-8.

94

https://pubmed.ncbi.nlm.nih.gov/?term=Chabannon+C&cauthor_id=29643233
https://pubmed.ncbi.nlm.nih.gov/?term=Kuball+J&cauthor_id=29643233
https://pubmed.ncbi.nlm.nih.gov/?term=Bondanza+A&cauthor_id=29643233
https://pubmed.ncbi.nlm.nih.gov/?term=Kr%C3%B6ger+N&cauthor_id=28463633
https://pubmed.ncbi.nlm.nih.gov/?term=Iacobelli+S&cauthor_id=28463633
https://pubmed.ncbi.nlm.nih.gov/?term=Franke+GN&cauthor_id=28463633
https://pubmed.ncbi.nlm.nih.gov/2252954/
https://pubmed.ncbi.nlm.nih.gov/2252954/
https://pubmed.ncbi.nlm.nih.gov/?term=Kessinger+A&cauthor_id=2573397
https://pubmed.ncbi.nlm.nih.gov/?term=Smith+DM&cauthor_id=2573397
https://pubmed.ncbi.nlm.nih.gov/?term=Strandjord+SE&cauthor_id=2573397
https://pubmed.ncbi.nlm.nih.gov/?term=Landmark+JD&cauthor_id=2573397
https://pubmed.ncbi.nlm.nih.gov/15921379/
https://pubmed.ncbi.nlm.nih.gov/15921379/
https://pubmed.ncbi.nlm.nih.gov/15921379/
https://pubmed.ncbi.nlm.nih.gov/?term=Gimeno+C&cauthor_id=18753357
https://pubmed.ncbi.nlm.nih.gov/?term=Solano+C&cauthor_id=18753357
https://pubmed.ncbi.nlm.nih.gov/?term=Latorre+JC&cauthor_id=18753357


12. Marty FM, Ljungman P, Chemaly RF, Maertens J, Dadwal SS, Duarte RF et al.
Letermovir Prophylaxis for Cytomegalovirus in Hematopoietic-Cell Transplantation.
N Engl J Med. 2017;377(25):2433-2444.

13. McCarthy MW and Walsh TJ. Galactomannan antigenemia as a biomarker for
therapeutic response of invasive aspergillosis: implications for clinical trial design
and patient care. Expert Rev Mol Diagn. 2018;18(7):601-604.

14. Barnes DW, Loutit JF and Micklem HS. "Secondary disease" of radiation chimeras: a
syndrome due to lymphoid aplasia. Ann N Y Acad Sci.1962;24(99):374-85.

15. Uphoff DE. Genetic factors influencing irradiation protection by bone marrow. I.
The F1 hybrid effect. J Natl Cancer Inst. 1957;19(1):123-30.

16. Klein J. George Snell’s first foray into the unexplored territory of the major
histocompatibility complex. Genetics. 2001;159(2):435-439.

17. Patel R and Terasaki PI. Significance of the positive crossmatch test in kidney
transplantation. N Engl J Med. 1969;280(14):735-9.

18. Weiden PL, Flournoy N, Thomas ED, Prentice R,  Fefer A, Buckner CD et al.
Antileukemic effect of graft-versus-host disease in human recipients of allogeneic-
marrow grafts. N Engl J Med. 1979;300(19):1068-73.

19. Weiden PL, Sullivan KM, Flournoy, Storb R and Thomas ED. Antileukemic effect of
chronic graft-versus-host disease: contribution to improved survival after
allogeneic marrow transplantation. N Engl J Med. 1981;304(25):1529-33.

20. Billingham RE and Brent L. Quantitative studies on tissue transplantation immunity:
induction of tolerance in newborn mice and studies on the phenomenon of runt
disease. Philos Trans R Soc Lond. 1959;242(694):439-477.

21. Billingham RE. The biology of graft-versus-host reactions. Harvey Lect. 1966; 62:21.
22. Ferrara JL, Levine JE, Reddy P and Holler E. Graft-versus-host disease. Lancet. 2009;

373(9674): 1550-61.
23. Ghimire S, Weber D, Mavin E, Wang X, Dickinson AM and Holler E. Pathophysiology

of GVHD and Other HSCT-Related Major Complications. Front Immunol. 2017;
20(8)79.

24. Zeiser R and Blazar BR. Acute Graft-versus-Host Disease - Biologic Process,
Prevention, and Therapy. N Engl J Med. 2017;377(22):2167-2179.

25. Hofmeister C, Adam Quinn DO, Cooke KR, Stiff P, Nickoloff B and Ferrara JML.
Graft-versus-host disease of the skin: life and death on the epidermal edge. Biol
Blood Marrow Transplant.2004;10(6):366-72.

26. Riesner K, Shi Y, Jacobi A, Kräter M, Kalupa M, McGearey A et al.
Initiation of acute graft-versus-host disease by angiogenesis. Blood. 2017; 129(14):
2021-2032.

27. Hill GR and Ferrara JL. The primacy of the gastrointestinal tract as a target organ of
acute graft-versus-host disease: rationale for the use of cytokine shields in
allogeneic bone marrow transplantation. Blood. 2000;95(9):2754-9.

95

https://pubmed.ncbi.nlm.nih.gov/29211658/
https://pubmed.ncbi.nlm.nih.gov/29897826/
https://pubmed.ncbi.nlm.nih.gov/29897826/
https://pubmed.ncbi.nlm.nih.gov/29897826/
https://nyaspubs.onlinelibrary.wiley.com/authored-by/Barnes/D.+W.+H.
https://nyaspubs.onlinelibrary.wiley.com/authored-by/Loutit/J.+F.
https://nyaspubs.onlinelibrary.wiley.com/authored-by/Micklem/H.+S.
https://pubmed.ncbi.nlm.nih.gov/?term=Patel+R&cauthor_id=4886455
https://pubmed.ncbi.nlm.nih.gov/?term=Terasaki+PI&cauthor_id=4886455
https://pubmed.ncbi.nlm.nih.gov/34792/
https://pubmed.ncbi.nlm.nih.gov/34792/
https://pubmed.ncbi.nlm.nih.gov/?term=Weiden+PL&cauthor_id=7015133
https://pubmed.ncbi.nlm.nih.gov/?term=Sullivan+KM&cauthor_id=7015133
https://pubmed.ncbi.nlm.nih.gov/?term=Flournoy+N&cauthor_id=7015133
https://pubmed.ncbi.nlm.nih.gov/29171820/
https://pubmed.ncbi.nlm.nih.gov/29171820/
https://pubmed.ncbi.nlm.nih.gov/28096092/
https://pubmed.ncbi.nlm.nih.gov/?term=Hill+GR&cauthor_id=10779417
https://pubmed.ncbi.nlm.nih.gov/?term=Hill+GR&cauthor_id=10779417
https://pubmed.ncbi.nlm.nih.gov/?term=Ferrara+JL&cauthor_id=10779417


28. Koyama M, Cheong M, Markey KA, Gartlan KH, Kuns DR, Locke KR et al. Donor
colonic CD103+ dendritic cells determine the severity of acute graft-versus-host
disease. J Exp Med. 2015;212(8):1303-21.

29. Koyama M and Hill GR. Alloantigen presentation and graft-versus-host disease: fuel
for the fire. Blood.2016;127(24):2963-70.

30. Shlomchik WD, Couzens MS, Tang CB, McNiff J, Robert ME, Liu J et al. Prevention of
Graft Versus Host Disease by Inactivation of Host Antigen-Presenting Cells. Science.
1999;285(5426):412-5.

31. Matzinger P. The danger model: a renewed sense of self. Science. 2002;
296(5566):301-5.

32. Reddy P, Maeda Y, Liu C,  Krijanovski OI, Korngold R and Ferrara JML. A crucial role
for antigen-presenting cells and alloantigen expression in graft-versus-leukemia
responses. Nat Med. 2005;11(11):1244-9.

33. Socié G and Blazar BR. Acute graft-versus-host disease: from the bench to
the bedside. Blood. 2009;114(20):4327-36.

34. Theobald M, Nierle T, Bunjes D, Arnold R and Heimpel H. Host-specific interleukin-
2-secreting donor T-cell precursors as predictors of acute graft-versus-host disease
in bone marrow transplantation between HLA-identical siblings. N Engl J Med.1992;
327(23):1613-7.

35. Liu DH, Mou FF, An M and Xia P. Human leukocyte antigen and tumor
immunotherapy (Review). Int J Oncol. 2023;62(6):68.

36. Baker MB, Altman NH, Podack ER and Levy RB. The role of cell-mediated
cytotoxicity in acute GVHD after MHC-matched allogeneic bone marrow
transplantation in mice. J Exp Med. 1996;183(6):2645-56.

37. Welniak LA, Blazar BR and Murphy WJ. Immunobiology of Allogeneic
Hematopoietic Stem Cell Transplantation. Annu Rev Immunol. 2007; 25:139-70.

38. Van den Brink MR and Burakoff SJ. Cytolytic pathways in haematopoietic stem-cell
transplantation. Nat Rev Immunol. 2002;2(4):273-81.

39. Ferrara JL and Deeg HJ. Graft-versus-Host Disease. N Engl J Med 1991;324(10): 667-
67.

40. Zeiser R. Advances in understanding the pathogenesis of graft-versus-host disease.
Br J Haematol. 2019;187(5):563-572.

41. Schoemans HM, Lee SJ, Ferrara JL, Wolff D, Levine JE, Schultz KR et al.
EBMT−NIH−CIBMTR Task Force position statement on standardized terminology &

guidance for graft-versus-host disease assessment. Bone Marrow Transplant. 2018;
53(11):1401-1415.

42. Cooke KR, Luznik L, Sarantopoulos S, Hakim FT, Jagasia M, Fowler DH et al. The
biology of chronic graft-versus host disease: a task force report from the National
Institutes of Health consensus development project on criteria for clini cal trials in
chronic graft-versus-host disease. Biol Blood Marrow Transplant. 2017;23(2): 211-
34.

96

https://pubmed.ncbi.nlm.nih.gov/?term=Koyama+M&cauthor_id=26169940
https://pubmed.ncbi.nlm.nih.gov/?term=Cheong+M&cauthor_id=26169940
https://pubmed.ncbi.nlm.nih.gov/?term=Markey+KA&cauthor_id=26169940
https://pubmed.ncbi.nlm.nih.gov/?term=Koyama+M&cauthor_id=27030390
https://pubmed.ncbi.nlm.nih.gov/?term=Hill+GR&cauthor_id=27030390
https://pubmed.ncbi.nlm.nih.gov/?term=Matzinger+P&cauthor_id=11951032
https://pubmed.ncbi.nlm.nih.gov/?term=Reddy+P&cauthor_id=16227991
https://pubmed.ncbi.nlm.nih.gov/?term=Maeda+Y&cauthor_id=16227991
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+C&cauthor_id=16227991
https://www.nature.com/articles/nm1309#auth-Oleg_I-Krijanovski-Aff1
https://www.nature.com/articles/nm1309#auth-Robert-Korngold-Aff3
https://www.nature.com/articles/nm1309#auth-James_L_M-Ferrara-Aff1-Aff4
https://pubmed.ncbi.nlm.nih.gov/19713461/
https://pubmed.ncbi.nlm.nih.gov/19713461/
https://pubmed.ncbi.nlm.nih.gov/?term=Theobald+M&cauthor_id=1435898
https://pubmed.ncbi.nlm.nih.gov/?term=Nierle+T&cauthor_id=1435898
https://pubmed.ncbi.nlm.nih.gov/?term=Bunjes+D&cauthor_id=1435898
https://pubmed.ncbi.nlm.nih.gov/?term=Baker+MB&cauthor_id=8676085
https://pubmed.ncbi.nlm.nih.gov/?term=Altman+NH&cauthor_id=8676085
https://pubmed.ncbi.nlm.nih.gov/?term=Podack+ER&cauthor_id=8676085
https://pubmed.ncbi.nlm.nih.gov/?term=Schoemans+HM&cauthor_id=29872128
https://pubmed.ncbi.nlm.nih.gov/?term=Lee+SJ&cauthor_id=29872128
https://pubmed.ncbi.nlm.nih.gov/?term=Ferrara+JL&cauthor_id=29872128


43. Zhao D, Young JS, Chen YH, Shen E, Yi T, Todorov I et al. Alloimmune response
results in expansion of autoreactive donor CD4+ T cells in trans plants that can
mediate chronic graft versus-host disease. J Immunol. 2011;186(2): 856-68.

44. Srinivasan M, Flynn R, Price A, Ranger A, Browning JL, Taylor PA et al. Donor B-cell
alloantibody deposition and germinal center formation are required for the
development of murine chronic GVHD and bronchiolitis obliterans. Blood. 2012;
119(6):1570-80.

45. Wu T, Young JS, Johnston H, Ni X, Deng R, Racine J et al. Thymic damage, impaired
negative selec tion, and development of chronic graft versus-host disease caused
by donor CD4+ and CD8+ T cells. J Immunol. 2013;191(1): 488-99.

46. Tivol E, Komorowski R and Drobyski WR. Emergent autoimmunity in graft-versus
host disease. Blood. 2005;105(12):4885-91.

47. Yamano T, Nedjic J, Hinterberger M, Steinert M, Koser S, Pinto S et al. Thymic B
cells are licensed to present self-antigens for central T cell toler ance induction.
Immunity. 2015;42(6): 1048-61.

48. Dertschnig S, Hauri-Hohl MM, Vollmer M, Holländer GA and Krenger W. Impaired
thymic expression of tissue-restricted antigens licenses the de novo generation of
autoreactive CD4+ T cells in acute GVHD. Blood. 2015;125(17):2720-3.

49. Sakoda Y, Hashimoto D, Asakura S, Takeuchi K, Harada M, Tanimoto M et al. Donor-
derived thymic-dependent T cells cause chronic graft-versus-host disease. Blood.
2007;109(4):1756-64.

50. Du J, Paz K, Thangavelu G, Schneidawind D, Baker J, Flynn R et al. In variant natural
killer T cells ameliorate murine chronic GVHD by expanding do nor regulatory T
cells. Blood. 2017;129(23): 3121-5.

51. McDonald-Hyman C, Flynn R, Panos kaltsis-Mortari A, Peterson N, MacDonald
KPA, Hill GR et al. Therapeutic regulatory T-cell adoptive transfer ameliorates
established murine chronic GVHD in a CXCR5-dependent manner. Blood. 2016;
128(7):1013-7.

52. Yoshizaki A, Yanaba K, Iwata Y, Komura K, Ogawa A, Akiyama Y et al. Cell adhesion
molecules regulate fibrotic process via Th1/Th2/Th17 cell balance in a bleomycin-
induced scleroderma model. J Immunol. 2010;185(4):2502-15.

53. Murata M, Fujimoto M, Matsushita T, Hamaguchi Y, Hasegawa M, Takehara K et al.
Clinical association of serum interleukin 17 levels in systemic sclerosis: Is systemic
sclerosis a Th17 disease? J Dermatol Sci. 2008;50(3):240-2.

54. Allen JL, Tata PV, Fore MS, Wooten J, Rudra S, Deal AM et al. Increased BCR
responsiveness in B cells from patients with chronic GVHD. Blood. 2014;
123(13):2108-15.

55. Young JS, Wu T, Chen Y, Liu H, Yi T, Johnston H et al. Donor B cells in transplants
augment clonal expansion and survival of pathogenic CD4+ T cells that mediate
autoimmune-like chronic graft-versus-host disease. J Immunol. 2012;189(1):222-
33.

97

https://pubmed.ncbi.nlm.nih.gov/?term=Srinivasan+M&cauthor_id=22072556
https://pubmed.ncbi.nlm.nih.gov/?term=Flynn+R&cauthor_id=22072556
https://pubmed.ncbi.nlm.nih.gov/?term=Price+A&cauthor_id=22072556
https://pubmed.ncbi.nlm.nih.gov/?term=Ranger%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Browning%20JL%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Taylor%20PA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Schneidawind%20D%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Baker%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Flynn%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Peterson%20N%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=MacDonald%20KP%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hill%20GR%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Yoshizaki+A&cauthor_id=20624949
https://pubmed.ncbi.nlm.nih.gov/?term=Yanaba+K&cauthor_id=20624949
https://pubmed.ncbi.nlm.nih.gov/?term=Iwata+Y&cauthor_id=20624949
https://nagasaki-u.repo.nii.ac.jp/record/20932/files/JDS50_240.pdf
https://nagasaki-u.repo.nii.ac.jp/record/20932/files/JDS50_240.pdf
https://pubmed.ncbi.nlm.nih.gov/?term=Allen+JL&cauthor_id=24532806
https://pubmed.ncbi.nlm.nih.gov/?term=Tata+PV&cauthor_id=24532806
https://pubmed.ncbi.nlm.nih.gov/?term=Fore+MS&cauthor_id=24532806
https://pubmed.ncbi.nlm.nih.gov/?term=Wooten%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Rudra%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Deal%20AM%5BAuthor%5D
https://ashpublications.org/blood/article-abstract/123/13/2108/32630
https://ashpublications.org/blood/article-abstract/123/13/2108/32630
https://pubmed.ncbi.nlm.nih.gov/?term=Young+JS&cauthor_id=22649197
https://pubmed.ncbi.nlm.nih.gov/?term=Wu+T&cauthor_id=22649197
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+Y&cauthor_id=22649197
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+H&cauthor_id=22649197
https://pubmed.ncbi.nlm.nih.gov/?term=Yi+T&cauthor_id=22649197
https://pubmed.ncbi.nlm.nih.gov/?term=Johnston+H&cauthor_id=22649197


56. Wynn TA and Ramalingam TR. Mechanisms of fibrosis: therapeutic translation for
fibrotic disease. Nat Med. 2012;18(7):1028-40.

57. Fujii H, Cuvelier G, She K, Aslanian S, Shimizu H, Kariminia A et al. Biomarkers in
newly diagnosed pediatric extensive chronic graft-versus-host disease: a report
from the Children’s Oncology Group. Blood 2008;111(6):3276-85.

58. Sarantopoulos S, Stevenson KE, Kim HT, Bhuiya NS, Cutler CS, Soiffer RJ et al. High
levels of B-cell activating factor in patients with active chronic graft-versus-host
disease. Clin Cancer Res. 2007;13(20):6107-14.

59. Berlingerio M, Bonchi F, Curcio M, Giannotti F and Turini F. Mining Clinical,
Immunological, and Genetic Data of Solid Organ Transplantation. Biomedical Data
and Applications. 2009;22(4):211–236.

60. Klein J and Sato A. The HLA system. N Engl J Med. 2000;343(10):702-709. 
61. Janeway CA Jr, Travers P, Walport M and Shlomchik MJ. Inmunobiology New

York: Garland Science; 2001.
62. Chinen J and Buckley RH. Transplantation immunology: Solid organ and bone

marrow. J Allergy Clin Immunol. 2010;125(2 Suppl 2):S324-35.
63. Holtan SG, Pasquini M and Weisdorf DJ. Acute graft-versus-host disease: a bench-

to-bedside update. Blood. 2014;124(3):363–373.
64. Markey KA, MacDonald KPA and Hil GR. The biology of graft-versus-host disease:

experimental systems instructing clinical practice. Blood. 2014;124(3):354-62.
65. Mathè G, Amiel JL, Schwarzenberg L, Cattan A and Schneider M. Adoptive

immunotherapy of acute leukemia: experimental and clinical results. Cancer Res.
1965;25(9):1525-31.

66. Dausset J. Iso-leuco-anticorps. Acta Haematol 1958;20 (1-4): 156-66.
67. Besse K, Maiers M, Confer D and Albrecht M. On Modeling Human Leukocyte

Antigen–Identical Sibling Match Probability for Allogeneic Hematopoietic Cell
Transplantation: Estimating the Need for an Unrelated Donor Source. Biol Blood
Marrow Transplant. 2016;22(3):410-7.

68. Granot N and Storb R. History of hematopoietic cell transplantation: challenges and
progress. Haematologica. 2020;105(12): 2716–2729.

69. Cieri N, Maurer K and Wu CJ. 60 Years Young: The Evolving Role of Allogeneic
Hematopoietic Stem Cell Transplantation in Cancer Immunotherapy. Cancer Res.
2021;81(17):4373–4384.

70. Memoria anual de actividades REDMO. Fundación Josep Carreras contra la
leucemia. 2022.

71. Memoria de actividad de trasplante de progenitores hematopoyéticos. ONT.
España. 2022.

72. Lee SJ, Klein J, Haagenson M, Baxter-Lowe LA, Confer DL, Eapen M et al. High-
resolution donor-recipient HLA matching contributes to the success of unrelated
donor marrow transplantation. Blood. 2007;110(13):4576-83.

98

https://pubmed.ncbi.nlm.nih.gov/?term=Aslanian+S&cauthor_id=17925486
https://pubmed.ncbi.nlm.nih.gov/?term=Shimizu+H&cauthor_id=17925486
https://pubmed.ncbi.nlm.nih.gov/?term=Kariminia+A&cauthor_id=17925486
https://pubmed.ncbi.nlm.nih.gov/?term=Bhuiya+NS&cauthor_id=17947475
https://pubmed.ncbi.nlm.nih.gov/?term=Cutler+CS&cauthor_id=17947475
https://pubmed.ncbi.nlm.nih.gov/?term=Soiffer+RJ&cauthor_id=17947475
https://www.researchgate.net/publication/226487979_Mining_Clinical_Immunological_and_Genetic_Data_of_Solid_Organ_Transplantation?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/publication/226487979_Mining_Clinical_Immunological_and_Genetic_Data_of_Solid_Organ_Transplantation?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://www.nejm.org/doi/full/10.1056/nejm200009073431006
http://www.garlandscience.com/textbooks/0815341237.asp
https://www.sciencedirect.com/author/6602541302/javier-chinen
javascript:;
javascript:;
javascript:;
https://scholar.google.es/citations?user=jjjJeeEAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=kII2wioAAAAJ&hl=en&oi=sra
https://ashpublications.org/blood/article-abstract/124/3/354/33156
https://ashpublications.org/blood/article-abstract/124/3/354/33156
https://pubmed.ncbi.nlm.nih.gov/?term=Cattan+A&cauthor_id=5323965
https://pubmed.ncbi.nlm.nih.gov/?term=Schneider+M&cauthor_id=5323965
https://scholar.google.es/citations?user=yiyVUpAAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Albrecht+M&cauthor_id=26403513
https://scholar.google.es/citations?user=5n9eKYQAAAAJ&hl=en&oi=sra
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7716373/
https://scholar.google.es/citations?user=yrTLXuIAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Baxter-Lowe+LA&cauthor_id=17785583
https://pubmed.ncbi.nlm.nih.gov/?term=Confer+DL&cauthor_id=17785583
https://pubmed.ncbi.nlm.nih.gov/?term=Eapen+M&cauthor_id=17785583
https://ashpublications.org/blood/article-abstract/110/13/4576/103223
https://ashpublications.org/blood/article-abstract/110/13/4576/103223
https://ashpublications.org/blood/article-abstract/110/13/4576/103223


73. Pidala J, Lee SJ and Ahn KW. Nonpermissive HLA-DPB1 mismatch increases
mortality after myeloablative unrelated allogeneic hematopoietic cell
transplantation. Blood. 2014;124(16):2596-606.

74. Fürst D, Neuchel C, Tsamadou C, Schrezenmeier H and Mytilineos J. HLA matching
in unrelated stem cell transplantation up to date. Transfus Med Hemother. 2019;
46(5):326-336.

75. Flomenberg N, Baxter-Lowe LA, Confer D, Fernandez-Vina M, Filipovich A, Horowitz
M et al. Impact of HLA class I and class II high-resolution matching on outcomes of
unrelated donor bone marrow transplantation: HLA-C mismatching is associated
with a strong adverse effect on transplantation outcome. Blood. 2004;
104(7):1923-30.

76. Horowitz MM. Does matched unrelated donor transplantation have the same
outcome as matched sibling transplantation in unselected patients? Best Pract Res
Clin Haematol. 2012;25(4):483-6.

77. Gooley TA, Chien JW, Pergam SA, Hingorani S, Sorror ML, Boeckh M et al. Reduced
mortality after allogeneic hematopoietic-cell transplantation. N Engl J Med. 2010;
363(22):2091-101.

78. Shouval R, Fein JA, Labopin M, Kröger N, Duarte RF, Bader P et al.
Outcomes of allogeneic haematopoietic stem cell transplantation from HLA-
matched and alternative donors:European Society for Blood and Marrow Transplan
tation registry retrospective analysis. Lancet Haematol. 2019;6(11):e573-e584.

79. Passweg JR, Baldomero H, Ciceri F, Corbacioglu S, De la Cámara R, Dolstra H et al.
Hematopoietic cell transplantation and cellular therapies in Europe 2021. The
second year of the SARS-CoV-2 pandemic. A Report from the EBMT Activity Survey.
Bone Marrow Transplant. 2023;58(6):647-658.

80. Jagasia M, Arora M, Flowers M, Chao NJ, McCarthy PL, Cutler CS et al. Risk factors
for acute GVHD and survival after hematopoietic cell transplantation. Blood. 2012;
119(1):296-307.

81. Akahoshi Y, Spyrou N, Hogan WJ, Ayuk F, DeFilipp Z, Weber D et al. Incidence,
clinical presentation, risk factors, outcomes, and biomarkers in de novo late acute
GVHD. Blood Adv. 2023;7(16):4479-4491.

82. Eapen M, Logan BR, Confer DL, Haagenson M, Wagner JE, Weisdorf DJ et al.
Peripheral blood grafts from unrelated donors are associated with increased acute
and chronic graft-versus-host disease without improved survival. Biol Blood
Marrow Transplant. 2007;13(12):1461-8.

83. Anasetti C, Logan BR, Lee SJ, Waller EK, Weisdorf DJ, Wingard JR et al. Peripheral-
blood stem cells versus bone marrow from unrelated donors. N Engl J Med. 2012;
367(16):1487-96.

84. Amouzegar A, Dey BR and Spitzer TR. Peripheral blood or bone marrow stem cells?
Practical considerations in hematopoietic stem cell transplantation. Transfus Med
Rev. 2019;33(1):43-50.

99

https://pubmed.ncbi.nlm.nih.gov/?term=Pidala+J&cauthor_id=25161269
https://pubmed.ncbi.nlm.nih.gov/?term=Lee+SJ&cauthor_id=25161269
https://ashpublications.org/blood/article-abstract/124/16/2596/33179
https://ashpublications.org/blood/article-abstract/124/16/2596/33179
https://ashpublications.org/blood/article-abstract/124/16/2596/33179
https://pubmed.ncbi.nlm.nih.gov/?term=Schrezenmeier+H&cauthor_id=31832058
https://pubmed.ncbi.nlm.nih.gov/?term=Mytilineos+J&cauthor_id=31832058
https://karger.com/tmh/article-abstract/46/5/326/305305
https://karger.com/tmh/article-abstract/46/5/326/305305
https://pubmed.ncbi.nlm.nih.gov/?term=Fernandez-Vina+M&cauthor_id=15191952
https://pubmed.ncbi.nlm.nih.gov/?term=Filipovich+A&cauthor_id=15191952
https://pubmed.ncbi.nlm.nih.gov/?term=Horowitz+M&cauthor_id=15191952
https://pubmed.ncbi.nlm.nih.gov/?term=Horowitz+MM&cauthor_id=23200546
https://scholar.google.es/citations?user=qUsR-74AAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=FVRMw8IAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Hingorani+S&cauthor_id=21105791
https://pubmed.ncbi.nlm.nih.gov/?term=Sorror+ML&cauthor_id=21105791
https://pubmed.ncbi.nlm.nih.gov/?term=Boeckh+M&cauthor_id=21105791
https://www.nejm.org/doi/full/10.1056/nejmoa1004383
https://www.nejm.org/doi/full/10.1056/nejmoa1004383
https://scholar.google.es/citations?user=d0tQDMIAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=tQ_GD_EAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=54AU7UcAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Kr%C3%B6ger+N&cauthor_id=31477550
https://pubmed.ncbi.nlm.nih.gov/?term=Duarte+RF&cauthor_id=31477550
https://pubmed.ncbi.nlm.nih.gov/?term=Bader+P&cauthor_id=31477550
https://pubmed.ncbi.nlm.nih.gov/31477550/
https://pubmed.ncbi.nlm.nih.gov/31477550/
https://pubmed.ncbi.nlm.nih.gov/31477550/
https://scholar.google.es/citations?user=LSRNNV8AAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Corbacioglu+S&cauthor_id=36879108
https://pubmed.ncbi.nlm.nih.gov/?term=de+la+C%C3%A1mara+R&cauthor_id=36879108
https://pubmed.ncbi.nlm.nih.gov/?term=Dolstra+H&cauthor_id=36879108
https://www.nature.com/articles/s41409-023-01943-3
https://www.nature.com/articles/s41409-023-01943-3
https://pubmed.ncbi.nlm.nih.gov/?term=Chao+NJ&cauthor_id=22010102
https://pubmed.ncbi.nlm.nih.gov/?term=McCarthy+PL&cauthor_id=22010102
https://pubmed.ncbi.nlm.nih.gov/?term=Cutler+CS&cauthor_id=22010102
javascript:;
javascript:;
javascript:;
https://pubmed.ncbi.nlm.nih.gov/?term=Ayuk+F&cauthor_id=37315175
https://pubmed.ncbi.nlm.nih.gov/?term=DeFilipp+Z&cauthor_id=37315175
https://pubmed.ncbi.nlm.nih.gov/?term=Weber+D&cauthor_id=37315175
https://pubmed.ncbi.nlm.nih.gov/?term=Haagenson+M&cauthor_id=18022576
https://pubmed.ncbi.nlm.nih.gov/?term=Wagner+JE&cauthor_id=18022576
https://pubmed.ncbi.nlm.nih.gov/?term=Weisdorf+DJ&cauthor_id=18022576
https://www.sciencedirect.com/science/article/pii/S1083879107003850
https://www.sciencedirect.com/science/article/pii/S1083879107003850
https://scholar.google.es/citations?user=yrTLXuIAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Waller+EK&cauthor_id=23075175
https://pubmed.ncbi.nlm.nih.gov/?term=Weisdorf+DJ&cauthor_id=23075175
https://pubmed.ncbi.nlm.nih.gov/?term=Wingard+JR&cauthor_id=23075175
https://www.nejm.org/doi/full/10.1056/NEJMoa1203517
https://www.nejm.org/doi/full/10.1056/NEJMoa1203517
https://scholar.google.es/citations?user=epHdHJgAAAAJ&hl=en&oi=sra
https://www.sciencedirect.com/science/article/pii/S0887796318301366
https://www.sciencedirect.com/science/article/pii/S0887796318301366


85. Heimfeld S. HLA-identical stem cell transplantation: is there an optimal CD34 cell
dose? Bone Marrow Transplant. 2003;31(10):839-45.

86. Handgretinger R, Lang P, Klingebiel T and Niethammer D. CD34 stem cell dose and
development of extensive chronic graft-versus-host disease. Blood. 2002;
99(10):3875-6.

87. Singhal S, Powles R, Treleaven J, Kulkarni S, Sirohi B, Horton C et al. A low
CD34+ cell dose results in higher mortality and poorer survival after blood or
marrow stem cell transplantation from HLA-identical siblings: should 2 ×
106 CD34+ cells/kg be considered the minimum threshold? Bone Marrow
Transplant. 2000;26(5):489-96.

88. Lee SH, Lee MH, Lee JH, Hong Min Y, Lee KH, Cheong JW et al. Infused CD34+ cell
dose predicts long-term survival in acute myelogenous leukemia patients who
received allogeneic bone marrow transplantation from matched sibling donors in
first complete remission. Biol Blood Marrow Transplant. 2005;11(2):122-8.

89. Törlén J, Ringdén O, Rademacher JL, Batiwalla M, Chen J, Erkers T et al. Low CD34
Dose Is Associated with Poor Survival after Reduced-Intensity Conditioning
Allogeneic Transplantation for Acute Myeloid Leukemia and Myelodysplastic
Syndrome. Biol Blood Marrow Transplant. 2014;20(9):1418-25.

90. Bittencourt H, Rocha V, Chevret S, Socié G, Espérou H, Devergie A et al. Association
of CD34 cell dose with hematopoietic recovery, infections, and other outcomes
after HLA-identical sibling bone marrow transplantation. Blood. 2002;99(8):2726-
33.

91. Ringdén O, Barrett AJ, Zhang MJ, Loberiza FR, Bolwell BJ, Cairo MS et al. Decreased
treatment failure in recipients of HLA-identical bone marrow or peripheral blood
stem cell transplants with high CD34 cell doses. Br J Haematol. 2003; 121(6):874-
85.

92. Nakamura R, Auayporn N, Smith DD,  Palmer J, Sun JY, Schriber J et al. Impact of
Graft Cell Dose on Transplant Outcomes following Unrelated Donor Allogeneic
Peripheral Blood Stem Cell Transplantation: Higher CD34+ Cell Doses Are
Associated with Decreased Relapse Rates. Biol Blood Marrow Transplant. 2008;
14(4):449-57.

93. Mehta J, Frankfurt O, Altman J, Altman J, Evens A, Tallman M et al. Optimizing the
CD34þcell dose for reduced-intensity allogeneic hematopoietic stem cell
transplantation. Leukemia & Lymphoma. 2009;50(9):1434–1441.

94. Pulsipher MA, Chitphakdithai P, Logan BR, Leitman SF, Anderlini P, Klein JP et al.
Donor, recipient, and transplant characteristics as risk factors after unrelated
donor PBSC transplantation: beneficial effects of higher CD34þ cell dose. Blood.
2009;114(13):2606-2616.

95. Zaucha JM, Gooley T, Bensinger WI, Heimfeld S, Chauncey TR, Zaucha R et al. CD34
cell dose in granulocyte colony-stimulating factor mobilized peripheral blood
mononuclear cell grafts affects engraftment kinetics and development of extensive

101

https://www.nature.com/articles/1704019
https://www.nature.com/articles/1704019
https://pubmed.ncbi.nlm.nih.gov/?term=Niethammer+D&cauthor_id=12014372
https://ashpublications.org/blood/article-abstract/99/10/3875/106986
https://ashpublications.org/blood/article-abstract/99/10/3875/106986
https://pubmed.ncbi.nlm.nih.gov/?term=Kulkarni+S&cauthor_id=11019837
https://pubmed.ncbi.nlm.nih.gov/?term=Sirohi+B&cauthor_id=11019837
https://pubmed.ncbi.nlm.nih.gov/?term=Horton+C&cauthor_id=11019837
https://scholar.google.es/citations?user=FbDebz4AAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Min+YH&cauthor_id=15682073
https://pubmed.ncbi.nlm.nih.gov/?term=Lee+KH&cauthor_id=15682073
https://pubmed.ncbi.nlm.nih.gov/?term=Cheong+JW&cauthor_id=15682073
https://pubmed.ncbi.nlm.nih.gov/?term=Batiwalla+M&cauthor_id=24892261
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+J&cauthor_id=24892261
https://pubmed.ncbi.nlm.nih.gov/?term=Erkers+T&cauthor_id=24892261
https://scholar.google.es/citations?user=Wcj44jsAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Soci%C3%A9+G&cauthor_id=11929759
https://pubmed.ncbi.nlm.nih.gov/?term=Esp%C3%A9rou+H&cauthor_id=11929759
https://pubmed.ncbi.nlm.nih.gov/?term=Devergie+A&cauthor_id=11929759
https://ashpublications.org/blood/article-abstract/99/8/2726/89127
https://ashpublications.org/blood/article-abstract/99/8/2726/89127
https://ashpublications.org/blood/article-abstract/99/8/2726/89127
https://scholar.google.es/citations?user=cAtNApkAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Loberiza+FR&cauthor_id=12786798
https://pubmed.ncbi.nlm.nih.gov/?term=Bolwell+BJ&cauthor_id=12786798
https://pubmed.ncbi.nlm.nih.gov/?term=Cairo+MS&cauthor_id=12786798
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2141.2003.04364.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2141.2003.04364.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2141.2003.04364.x
https://pubmed.ncbi.nlm.nih.gov/?term=Palmer+J&cauthor_id=18342788
https://pubmed.ncbi.nlm.nih.gov/?term=Sun+JY&cauthor_id=18342788
https://pubmed.ncbi.nlm.nih.gov/?term=Schriber+J&cauthor_id=18342788
https://pubmed.ncbi.nlm.nih.gov/?term=Altman+J&cauthor_id=19603344
https://pubmed.ncbi.nlm.nih.gov/?term=Evens+A&cauthor_id=19603344
https://pubmed.ncbi.nlm.nih.gov/?term=Tallman+M&cauthor_id=19603344
https://pubmed.ncbi.nlm.nih.gov/?term=Leitman+SF&cauthor_id=19608747
https://pubmed.ncbi.nlm.nih.gov/?term=Anderlini+P&cauthor_id=19608747
https://pubmed.ncbi.nlm.nih.gov/?term=Klein+JP&cauthor_id=19608747
https://pubmed.ncbi.nlm.nih.gov/?term=Heimfeld+S&cauthor_id=11719357
https://pubmed.ncbi.nlm.nih.gov/?term=Chauncey+TR&cauthor_id=11719357
https://pubmed.ncbi.nlm.nih.gov/?term=Zaucha+R&cauthor_id=11719357


chronic graft-versus-host disease after human leukocyte antigen-identical sibling 
transplantation. Blood. 2001;98(12):3221-3227.  

96. Mohty M, Bilger K, Jourdan E, Kuentz M, Michallet M, Bourhis JH et al. Higher doses
of CD34+ peripheral blood stem cells are associated with increased mortality from
chronic graft-versus-host disease after allogeneic HLA-identical sibling
transplantation. Leukemia. 2003;17(5):869-875.

97. Mielcarek M , Martin PJ, Heimfeld S, Storb R and Torok-Storb B. CD34 cell dose and
chronic graft-versus-host disease after human leukocyte antigen-matched sibling
hematopoietic stem cell transplantation. Leuk Lymphoma. 2004;45(1):27-34.

98. Remberger M, Törlén J, Ringdén O, Engström M, Watz E, Uhlin M et al. Effect of
total nucleated and CD34+ cell dose on outcome after allogeneic hematopoietic
stem cell transplantation. Biol Blood Marrow Transplant. 2015;21(5):889-93.

99. Weiden PL, Flournoy N, Thomas ED, Prentice R, Fefer A, Buckner CD et al.
Antileukemic effect of graft-versus-host disease in human recipients of allogeneic-
marrow grafts. N Engl J Med. 1979;300(19):1068-73.

100. Weiden PL, Sullivan KM, Flournoy N, Storb R and Thomas ED. Antileukemic
effect of chronic graft-versus-host disease: contribution to improved survival after
allogeneic marrow transplantation. N Engl J Med. 1981;304(25):1529-33.

101. Chang YJ, Weng CL, Sun LX and Zao YT. Allogeneic bone marrow transplantation
compared to peripheral blood stem cell transplantation for the treatment of
hematologic malignancies: a meta-analysis based on time-to-event data from
randomized controlled trials. Ann Hematol. 2012;91(3):427-37.

102. Holtick U, Albrecht M, Chemnitz JM, Theurich S, Skoetz N, Scheid C et al. Bone
marrow versus peripheral blood allogeneic haematopoietic stem cell
transplantation for haematological malignancies in adults (Review). Cochrane
Database of Systematic Reviews. 2014;4(14):1-56.

103. Horowitz MM, Gale RP, Sondel PM, Goldman JM, Kersey J, Kolb HJ et al. Graft-
versus-leukemia reactions after bone marrow transplantation. Blood. 1990;
75(3):555-62.

104. Kolb HJ, Schattenberg A, Goldman JM, Hertenstein B, Jacobsen N, Arcese W et
al. Graft-versus-leukemia effect of donor lymphocyte transfusions in marrow
grafted patients. European Group for Blood and Marrow Transplantation Working
Party Chronic Leukemia. Blood. 1995;86(5):2041-50.

105. Kanamori H, Sasaki S, Yamazaki E, Ueda S, Hattori M, Fukawa H et al.
Eradication of minimal residual disease during graft-versus-host reaction induced
by abrupt discontinuation of immunosuppression following bone marrow
transplantation in a patient with Ph1-ALL.Transpl Int. 1997;10(4):328-30.

106. Arnold R, Janssen JW, Heinze B, Bunjes D, Hertenstein B, Wiesneth M et al.
Influence of graft-versus-host disease on the eradication of minimal residual
leukemia detected by polymerase chain reaction in chronic myeloid leukemia
patients after bone marrow transplantation. Leukemia. 1993;7(5):747-51.

102

https://pubmed.ncbi.nlm.nih.gov/?term=Kuentz+M&cauthor_id=12750699
https://pubmed.ncbi.nlm.nih.gov/?term=Michallet+M&cauthor_id=12750699
https://pubmed.ncbi.nlm.nih.gov/?term=Bourhis+JH&cauthor_id=12750699
https://pubmed.ncbi.nlm.nih.gov/?term=Storb+R&cauthor_id=15061194
https://pubmed.ncbi.nlm.nih.gov/?term=Torok-Storb+B&cauthor_id=15061194
https://www.tandfonline.com/doi/abs/10.1080/1042819031000151103
https://www.tandfonline.com/doi/abs/10.1080/1042819031000151103
https://www.tandfonline.com/doi/abs/10.1080/1042819031000151103
https://pubmed.ncbi.nlm.nih.gov/?term=Engstr%C3%B6m+M&cauthor_id=25662230
https://pubmed.ncbi.nlm.nih.gov/?term=Watz+E&cauthor_id=25662230
https://pubmed.ncbi.nlm.nih.gov/?term=Uhlin+M&cauthor_id=25662230
https://www.sciencedirect.com/science/article/pii/S1083879115000919
https://www.sciencedirect.com/science/article/pii/S1083879115000919
https://www.sciencedirect.com/science/article/pii/S1083879115000919
https://scholar.google.es/citations?user=XlJ7rOUAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Prentice+R&cauthor_id=34792
https://pubmed.ncbi.nlm.nih.gov/?term=Fefer+A&cauthor_id=34792
https://pubmed.ncbi.nlm.nih.gov/?term=Buckner+CD&cauthor_id=34792
https://scholar.google.es/citations?user=hgRuqhcAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=XlJ7rOUAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Storb+R&cauthor_id=7015133
https://pubmed.ncbi.nlm.nih.gov/?term=Thomas+ED&cauthor_id=7015133
https://www.nejm.org/doi/pdf/10.1056/NEJM198106183042507
https://www.nejm.org/doi/pdf/10.1056/NEJM198106183042507
https://www.nejm.org/doi/pdf/10.1056/NEJM198106183042507
https://pubmed.ncbi.nlm.nih.gov/?term=Theurich+S&cauthor_id=24748537
https://pubmed.ncbi.nlm.nih.gov/?term=Skoetz+N&cauthor_id=24748537
https://pubmed.ncbi.nlm.nih.gov/?term=Scheid+C&cauthor_id=24748537
https://scholar.google.es/citations?user=G2UT3lgAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=DlbigqkAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=88BvGCEAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Goldman+JM&cauthor_id=2297567
https://pubmed.ncbi.nlm.nih.gov/?term=Kersey+J&cauthor_id=2297567
https://pubmed.ncbi.nlm.nih.gov/?term=Kolb+HJ&cauthor_id=2297567
https://ashpublications.org/blood/article-abstract/75/3/555/167801
https://ashpublications.org/blood/article-abstract/75/3/555/167801
https://pubmed.ncbi.nlm.nih.gov/?term=Hertenstein+B&cauthor_id=7655033
https://pubmed.ncbi.nlm.nih.gov/?term=Jacobsen+N&cauthor_id=7655033
https://pubmed.ncbi.nlm.nih.gov/?term=Arcese+W&cauthor_id=7655033
https://pubmed.ncbi.nlm.nih.gov/?term=Ueda+S&cauthor_id=9249945
https://pubmed.ncbi.nlm.nih.gov/?term=Hattori+M&cauthor_id=9249945
https://pubmed.ncbi.nlm.nih.gov/?term=Fukawa+H&cauthor_id=9249945
https://pubmed.ncbi.nlm.nih.gov/?term=Bunjes+D&cauthor_id=8483329
https://pubmed.ncbi.nlm.nih.gov/?term=Hertenstein+B&cauthor_id=8483329
https://pubmed.ncbi.nlm.nih.gov/?term=Wiesneth+M&cauthor_id=8483329


107. Tan JLC, Das T, Kliman D, Muirhead J, Gorniak M, Kalff A et al. Evaluation of
EuroFlow minimal residual disease measurement and donor chimerism monitoring
following tandem auto-allogeneic transplantation for multiple myeloma. Bone
Marrow Transplant. 2021;56(5):1116-1125.

108. Pasquini MC. Impact of graft-versus-host disease on survival. Best Pract Res Clin
Haematol. 2008;21(2):193-204.

109. Reddy P, Arora M, Guimond M and Mackall CL. GVHD: a continuing barrier to
the safety of allogeneic transplantation. Biol Blood Marrow Transplant. 2009;15(1
Suppl):162-8.

110. Phelan R, Chen M, Bupp C, Bolon YT, Broglie L, Brunner-Grady J et al. Updated
Trends in Hematopoietic Cell Transplantation in the United States with an
Additional Focus on Adolescent and Young Adult Transplantation Activity and
Outcomes. Transplant Cell Ther. 2022;28(7): 409.e1–409.e10.

111. MacMillan ML, Robin M, Harris AC, DeFor ET, Martin PJ, Alousi A et al. A refined
risk score for acute graft-versus-host disease that predicts response to initial
therapy, survival, and transplant-related mortality. Biol Blood Marrow
Transplant. 2015;21(4):761-7.

112. Glucksberg HR, Storb R, Fefer A, Buckner CD, Neiman PE, Clift AR et al. Clinical
manifestations of graft-versus-host disease in human recipients of marrow from hl-
a-matched sibling donors.Transplantation. 1974;18(4):295-304.

113. Leisenring WM, Martin PJ, Petersdorf EW, Regan AE, Aboulhosn N, Stern JM et
al. An acute graft-versus-host disease activity index to predict survival after
hematopoietic cell transplantation with myeloablative conditioning regimens.
Blood. 2006;108(2):749–755.

114. Cahn JY, Klein JP, Lee SJ, Milpied N, Blaise D, Antin JH et al. Prospec�ve

evalua�on of 2 acute gra�-versus-host (GVHD) grading systems: a joint Société
Française de Greffe de Moëlle et Thérapie Cellulaire (SFGM-TC), Dana Farber
Cancer Institute (DFCI), and International Bone Marrow Transplant Registry
(IBMTR) prospective study. Blood. 2005;106(4):1495–1500.

115. Khoury HJ, Wang T, Hemmer MT, Couriel D, Alousi A, Cutler C et al. Improved
survival after acute graft-versus-host disease diagnosis in the modern era.
Haematologica. 2017;102(5):958–966.

116. Pidala J, Anasetti C and Jim H. Quality of life after allogeneic hematopoietic cell
transplantation. Blood. 2009;114(1):7-19.

117. Lee SJ, Klein JP, Barret AJ, Ringden O, Antin JH, Cahn JY et al. Severity of chronic
graft-versus-host disease: association with treatment-related mortality and
relapse. Blood. 2002;100(2):406-16.

118. Wingard JR, Majhail NS, Brazauskas R, Wang Z, Sobocinski KA, Jacobsohn D et
al. Long-term survival and late deaths after allogeneic hematopoietic cell
transplantation. J Clin Oncol. 2011;29(16):2230-9.

103

https://pubmed.ncbi.nlm.nih.gov/?term=Muirhead+J&cauthor_id=33262441
https://pubmed.ncbi.nlm.nih.gov/?term=Gorniak+M&cauthor_id=33262441
https://pubmed.ncbi.nlm.nih.gov/?term=Kalff+A&cauthor_id=33262441
https://pubmed.ncbi.nlm.nih.gov/18503986/
https://scholar.google.es/citations?user=pZOHmMQAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Mackall+CL&cauthor_id=19147099
https://www.sciencedirect.com/science/article/pii/S1083879108004503
https://www.sciencedirect.com/science/article/pii/S1083879108004503
https://pubmed.ncbi.nlm.nih.gov/?term=Bolon+YT&cauthor_id=35447374
https://pubmed.ncbi.nlm.nih.gov/?term=Broglie+L&cauthor_id=35447374
https://pubmed.ncbi.nlm.nih.gov/?term=Brunner-Grady+J&cauthor_id=35447374
https://scholar.google.es/citations?user=U6yhMH8AAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=DeFor+TE&cauthor_id=25585275
https://pubmed.ncbi.nlm.nih.gov/?term=Martin+PJ&cauthor_id=25585275
https://pubmed.ncbi.nlm.nih.gov/?term=Alousi+A&cauthor_id=25585275
https://www.sciencedirect.com/science/article/pii/S1083879115000038
https://www.sciencedirect.com/science/article/pii/S1083879115000038
https://www.sciencedirect.com/science/article/pii/S1083879115000038
https://pubmed.ncbi.nlm.nih.gov/?term=Buckner+CD&cauthor_id=4153799
https://pubmed.ncbi.nlm.nih.gov/?term=Neiman+PE&cauthor_id=4153799
https://pubmed.ncbi.nlm.nih.gov/?term=Clift+RA&cauthor_id=4153799
https://pubmed.ncbi.nlm.nih.gov/?term=Regan+AE&cauthor_id=16537799
https://pubmed.ncbi.nlm.nih.gov/?term=Aboulhosn+N&cauthor_id=16537799
https://pubmed.ncbi.nlm.nih.gov/?term=Stern+JM&cauthor_id=16537799
https://scholar.google.es/citations?user=tJvpVgYAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=yrTLXuIAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Milpied+N&cauthor_id=15878974
https://pubmed.ncbi.nlm.nih.gov/?term=Blaise+D&cauthor_id=15878974
https://pubmed.ncbi.nlm.nih.gov/?term=Antin+JH&cauthor_id=15878974
https://pubmed.ncbi.nlm.nih.gov/?term=Couriel+D&cauthor_id=28302712
https://pubmed.ncbi.nlm.nih.gov/?term=Alousi+A&cauthor_id=28302712
https://pubmed.ncbi.nlm.nih.gov/?term=Cutler+C&cauthor_id=28302712
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5477615/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5477615/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5477615/
https://pubmed.ncbi.nlm.nih.gov/?term=Pidala+J&cauthor_id=19336756
https://pubmed.ncbi.nlm.nih.gov/?term=Anasetti+C&cauthor_id=19336756
https://pubmed.ncbi.nlm.nih.gov/?term=Jim+H&cauthor_id=19336756
https://pubmed.ncbi.nlm.nih.gov/?term=Ringden+O&cauthor_id=12091329
https://pubmed.ncbi.nlm.nih.gov/?term=Antin+JH&cauthor_id=12091329
https://pubmed.ncbi.nlm.nih.gov/?term=Cahn+JY&cauthor_id=12091329
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+Z&cauthor_id=21464398
https://pubmed.ncbi.nlm.nih.gov/?term=Sobocinski+KA&cauthor_id=21464398
https://pubmed.ncbi.nlm.nih.gov/?term=Jacobsohn+D&cauthor_id=21464398
https://pubmed.ncbi.nlm.nih.gov/21464398/
https://pubmed.ncbi.nlm.nih.gov/21464398/


119. Greinix HT, Eikema DJ, Koster L,  Penack O, Yakoub-Agha I, Montoto S et al.
Improved outcome of patients with graft-versus-host disease after allogeneic
hematopoietic cell transplantation for hematologic malignancies over time: an
EBMT mega-file study. Haematologica. 2022;107(5):1054–1063.

120. Malard F, Holler E, Sandmaier BM, Huang H and Mohty M. Acute graft-versus-
host disease. Nat Rev Dis Primers. 2023;9(1):27.

121. Rimando J, McCurdy SR and Luznik L. How I prevent GVHD in high-risk patients:
posttransplant cyclophosphamide and beyond. Blood.2023;141(1):49–59.

122. Storb R, Deeg HJ, Whitehead J, Appelbaum F, Beatty P, Bensinger W et al.
Methotrexate and Cyclosporine Compared with Cyclosporine Alone for Prophylaxis
of Acute Graft versus Host Disease after Marrow Transplantation for Leukemia. N
Engl J Med. 1986;314(12):729-35.

123. Storb R, Deeg HJ, Pepe M, Appelbaum F, Anasetti C, Beatty P et al.
Methotrexate and cyclosporine versus cyclosporine alone for prophylaxis of graft-
versus-host disease in patients given HLA-identical marrow grafts for leukemia:
long-term follow-up of a controlled trial. Blood. 1989;73(6):1729–1734.

124. Nash RA, Pineiro LA, Storb R, Deeg HJ, Fitzsimmons WE, Furlong T et al. FK506
in combination with methotrexate for the prevention of graft- versus-host disease
after marrow transplantation from matched unrelated donors. Blood. 1996;88(9):
3634–3641.

125. Ratanatharathorn V, Nash RA, Przepiorka D, Devine SM, Klein JL, Weisdorf D et
al. Phase III Study Comparing Methotrexate and Tacrolimus (Prograf, FK506) With
Methotrexate and Cyclosporine for Graft-Versus-Host Disease Prophylaxis After
HLA-Identical Sibling Bone Marrow Transplantation. Blood.1998;92(7):2303–2314.

126. Nash RA, Antin JH, Karanes C, Fay JW, Avalos BR, Yeager AM et al. Phase 3 study
comparing methotrexate and tacrolimus with methotrexate and cyclosporine for
prophylaxis of acute graft-versus-host disease after marrow transplantation from
unrelated donors. Blood. 2000;96(6):2062–2068.

127. Kharfan-Dabaja M, Mhaskar R, Reljic T, Pidala J, Perkins JB, Djulbegovic B et al.
Mycophenolate mofetil versus methotrexate for prevention of graft-versus-host
disease in people receiving allogeneic hematopoietic stem cell transplantation.
Cochrane Database Syst Rev. 2014;2014(7):CD010280.

128. Ram R, Herscovici C, Dahan D, Israeli M, Dreyer J, Peck A et al. Tailoring the
GVHD prophylaxis regimen according to transplantation associated toxicities—
substituting the 3rd dose of methotrexate to mycophenolate mofetil. Leuk
Res. 2014;38(8):913-7.

129. Mohty M, de Lavallade H, Faucher C, Bilger K, Vey N, Stoppa AM et al.
Mycophenolate mofetil and cyclosporine for graft-versus-host disease prophylaxis
following reduced intensity conditioning allogeneic stem cell transplantation. Bone
Marrow Transplant. 2004;34(6):527-30.

104

https://scholar.google.es/citations?user=AE6cf4cAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Penack+O&cauthor_id=34162176
https://pubmed.ncbi.nlm.nih.gov/?term=Yakoub-Agha+I&cauthor_id=34162176
https://pubmed.ncbi.nlm.nih.gov/?term=Montoto+S&cauthor_id=34162176
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9052930/
https://scholar.google.es/citations?user=oyTbbMcAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Huang+H&cauthor_id=37291149
https://pubmed.ncbi.nlm.nih.gov/?term=Mohty+M&cauthor_id=37291149
https://www.nature.com/articles/s41572-023-00438-1
https://www.nature.com/articles/s41572-023-00438-1
javascript:;
javascript:;
javascript:;
https://pubmed.ncbi.nlm.nih.gov/?term=Appelbaum+F&cauthor_id=3513012
https://pubmed.ncbi.nlm.nih.gov/?term=Beatty+P&cauthor_id=3513012
https://pubmed.ncbi.nlm.nih.gov/?term=Bensinger+W&cauthor_id=3513012
https://pubmed.ncbi.nlm.nih.gov/?term=Appelbaum+F&cauthor_id=2653461
https://pubmed.ncbi.nlm.nih.gov/?term=Anasetti+C&cauthor_id=2653461
https://pubmed.ncbi.nlm.nih.gov/?term=Beatty+P&cauthor_id=2653461
https://pubmed.ncbi.nlm.nih.gov/?term=Deeg+HJ&cauthor_id=8896434
https://pubmed.ncbi.nlm.nih.gov/?term=Fitzsimmons+WE&cauthor_id=8896434
https://pubmed.ncbi.nlm.nih.gov/?term=Furlong+T&cauthor_id=8896434
javascript:;
javascript:;
https://pubmed.ncbi.nlm.nih.gov/?term=Devine+SM&cauthor_id=9746768
https://pubmed.ncbi.nlm.nih.gov/?term=Klein+JL&cauthor_id=9746768
https://pubmed.ncbi.nlm.nih.gov/?term=Weisdorf+D&cauthor_id=9746768
https://pubmed.ncbi.nlm.nih.gov/?term=Fay+JW&cauthor_id=10979948
https://pubmed.ncbi.nlm.nih.gov/?term=Avalos+BR&cauthor_id=10979948
https://pubmed.ncbi.nlm.nih.gov/?term=Yeager+AM&cauthor_id=10979948
https://scholar.google.es/citations?user=7OTi1v4AAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Pidala+J&cauthor_id=25061777
https://pubmed.ncbi.nlm.nih.gov/?term=Perkins+JB&cauthor_id=25061777
https://pubmed.ncbi.nlm.nih.gov/?term=Djulbegovic+B&cauthor_id=25061777
https://pubmed.ncbi.nlm.nih.gov/?term=Israeli+M&cauthor_id=24939215
https://pubmed.ncbi.nlm.nih.gov/?term=Dreyer+J&cauthor_id=24939215
https://pubmed.ncbi.nlm.nih.gov/?term=Peck+A&cauthor_id=24939215
https://www.sciencedirect.com/science/article/pii/S0145212614001714
https://www.sciencedirect.com/science/article/pii/S0145212614001714
https://www.sciencedirect.com/science/article/pii/S0145212614001714
https://pubmed.ncbi.nlm.nih.gov/?term=Bilger+K&cauthor_id=15286687
https://pubmed.ncbi.nlm.nih.gov/?term=Vey+N&cauthor_id=15286687
https://pubmed.ncbi.nlm.nih.gov/?term=Stoppa+AM&cauthor_id=15286687


130. Brissot E, Chevallier P, Guillaume T, Delaunay J, Ayari S, Dubruille V et al.
Prophylaxis with mycophenolate mofetil and CsA can decrease the incidence of
severe acute GVHD after antithymocyte globulin-based reduced-intensity
preparative regimen and allo-SCT from HLA-matched unrelated donors. Bone
Marrow Transplant. 2010;45(4):786-8.

131. Penack O, Marchetti M, Ruutu T, Aljurf M, Bacigalupo A, Bonifazi F et al.
Prophylaxis and management of graft versus host disease after stem-cell
transplantation for haematological malignancies: updated consensus
recommendations of the European Society for Blood and Marrow Transplantation.
Lancet Haematol. 2020;7(2):e157-e167

132. Urbano-Ispizua A, Rozman C, Martínez C, Marín P, Briones J, Rovira M et al.
Rapid Engraftment Without Significant Graft-Versus-Host Disease After Allogeneic
Transplantation of CD34+ Selected Cells From Peripheral Blood. Blood.1997;89(11):
3967–3973.

133. Aversa F, Tabilio A, Velardi A, Cunningham I, Terenzi A, Falzetti F et al.
Treatment of high-risk acute leukemia with T-cell–depleted stem cells from related
donors with one fully mismatched HLA haplotype. N Engl J Med. 1998;
339(17):1186-93.

134. Wagner JE, Thompson JS, Carter SL and Kernan NA. Effect of graft-versus-host
disease prophylaxis on 3-year disease-free survival in recipients of unrelated donor
bone marrow (T-cell Depletion Trial): a multi-centre, randomised phase II–III tria.
Lancet. 2005; 366(9487):733-41.

135. Devine SM, Carter S, Soiffer JR, Pasquini MC, Hari PN, Stein A et al. Low Risk of
Chronic Graft-versus-Host Disease and Relapse Associated with T Cell–Depleted
Peripheral Blood Stem Cell Transplantation for Acute Myelogenous Leukemia in
First Remission: Results of the Blood and Marrow Transplant Clinical Trials Network
Protocol 0303. Biol Blood Marrow Transplant. 2011;17(9):1343-51.

136. Pasquini MC, Devine S, Mendizabal A, Baden LR, Wingard JR, Lazarus HM et al.
Comparative Outcomes of Donor Graft CD34+ Selection and Immune Suppressive
Therapy As Graft-Versus-Host Disease Prophylaxis for Patients With Acute Myeloid
Leukemia in Complete Remission Undergoing HLA-Matched Sibling Allogeneic
Hematopoietic Cell Transplantation. J Clin Oncol. 2012;30(26):3194-201.

137. Bleakley M, Sehgal A, Seropian S, Biernacki MA, Krakow EF, Dahlberg A et al.
Naive T-Cell Depletion to Prevent Chronic Graft-Versus-Host Disease. J Clin
Oncol. 2022 Apr 10;40(11): 1174–1185.

138. Mohty M. Mechanisms of action of antithymocyte globulin: T-cell depletion and
beyond. Leukemia. 2007;21(7):1387-94.

139. Finke J, Bethge WA, Schmoor C, Ottinger HD, Stelljes M, Zander AR et al.
Standard graft-versus-host disease prophylaxis with or without anti-T-cell globulin
in haematopoietic cell transplantation from matched unrelated donors: a
randomised, open-label, multicentre phase 3 tria. Lancet Oncol. 2009;10(9):855-64.

105

https://scholar.google.es/citations?user=GD1A1p8AAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Delaunay+J&cauthor_id=19718059
https://pubmed.ncbi.nlm.nih.gov/?term=Ayari+S&cauthor_id=19718059
https://pubmed.ncbi.nlm.nih.gov/?term=Dubruille+V&cauthor_id=19718059
https://scholar.google.es/citations?user=YuPmD4gAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=DFG2v1cAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Aljurf+M&cauthor_id=32004485
https://pubmed.ncbi.nlm.nih.gov/?term=Bacigalupo+A&cauthor_id=32004485
https://pubmed.ncbi.nlm.nih.gov/?term=Bonifazi+F&cauthor_id=32004485
javascript:;
javascript:;
https://pubmed.ncbi.nlm.nih.gov/?term=Mar%C3%ADn+P&cauthor_id=9166834
https://pubmed.ncbi.nlm.nih.gov/?term=Briones+J&cauthor_id=9166834
https://pubmed.ncbi.nlm.nih.gov/?term=Rovira+M&cauthor_id=9166834
https://scholar.google.es/citations?user=HwoY9aUAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Cunningham+I&cauthor_id=9780338
https://pubmed.ncbi.nlm.nih.gov/?term=Terenzi+A&cauthor_id=9780338
https://pubmed.ncbi.nlm.nih.gov/?term=Falzetti+F&cauthor_id=9780338
https://www.nejm.org/doi/full/10.1056/NEJM199810223391702
https://www.nejm.org/doi/full/10.1056/NEJM199810223391702
https://scholar.google.es/citations?user=ZgUfjxcsQU4C&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Kernan+NA&cauthor_id=16125590
https://scholar.google.es/citations?user=mk091AsAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=2EEUzpUAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Pasquini+MC&cauthor_id=21320619
https://pubmed.ncbi.nlm.nih.gov/?term=Hari+PN&cauthor_id=21320619
https://pubmed.ncbi.nlm.nih.gov/?term=Stein+A&cauthor_id=21320619
https://scholar.google.es/citations?user=0Hxl-jAAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=mk091AsAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=lBDA-eEAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Biernacki+MA&cauthor_id=35007144
https://pubmed.ncbi.nlm.nih.gov/?term=Krakow+EF&cauthor_id=35007144
https://pubmed.ncbi.nlm.nih.gov/?term=Dahlberg+A&cauthor_id=35007144
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8987226/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8987226/
https://scholar.google.es/citations?user=xqmRxccAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Ottinger+HD&cauthor_id=19695955
https://pubmed.ncbi.nlm.nih.gov/?term=Stelljes+M&cauthor_id=19695955
https://pubmed.ncbi.nlm.nih.gov/?term=Zander+AR&cauthor_id=19695955


140. Kröger N, Solano C, Wolschke C, Bandini G, Patriarca F, Pini M et al.
Antilymphocyte Globulin for Prevention of Chronic Graft-versus-Host Disease. N
Engl J Med. 2016;374(1):43-53.

141. Soiffer RJ, Kim HT, McGuirk J, Horwitz EM, Johnston L,  Patnaik MM et al.
Prospective, Randomized, Double-Blind, Phase III Clinical Trial of Anti–T-
Lymphocyte Globulin to Assess Impact on Chronic Graft-Versus-Host Disease–Free
Survival in Patients Undergoing HLA-Matched Unrelated Myeloablative
Hematopoietic Cell Transplantation. J Clin Oncol. 2017;35(36): 4003–4011.

142. Podgorny PJ, Ugarte-Torres A, Liu Y, Williamson TS, Russell JA and Storek J. High
Rabbit-Antihuman Thymocyte Globulin Levels Are Associated with Low Likelihood
of Graft-vs-Host Disease and High Likelihood of Posttransplant Lymphoproliferative
Disorder. Biol Blood Marrow Transplant. 2010;16(7):915-26.

143. Soiffer RJ, LeRademacher J, Ho V, Kan F, Artz A, Champlin RE et al. Impact of
immune modulation with anti–T-cell antibodies on the outcome of reduced-
intensity allogeneic hematopoietic stem cell transplantation for hematologic
malignancies. Blood.2011;117(25):6963–6970.

144. Luznik L, O'Donnell PV, Symons HJ, Chen AR, Leffell MS, Zahurak M et al. HLA-
Haploidentical Bone Marrow Transplantation for Hematologic Malignancies Using
Nonmyeloablative Conditioning and High-Dose, Posttransplantation
Cyclophosphamide. Biol Blood Marrow Transplant. 2008;14(6):641-50.

145. Owens AH and Santos GW. The induction of graft versus host disease in mice
treated with cyclophosphamide. J Exp Med. 1968;128(2):277-91

146. Santos GW and Owens AH. Production of graft-versus-host disease in the rat
and its treatment with cytotoxic agents. Nature. 1966;210(5032):139-40.

147. Owens AH and Santos GW. The effect of cytotoxic drugs on graft-versus-host
disease in mice. Transplantation. 1971;11(4):378-82.

148. Deeg HJ, Lin D, Leisenring W, Boeckh M, Anasetti C, Appelbaum FR et al.
Cyclosporine or Cyclosporine Plus Methylprednisolone for Prophylaxis of Graft-
Versus-Host Disease: A Prospective, Randomized Trial. Blood. 1997;89(10):3880-7.

149. Chao NJ and Suvillan KM. Pharmacologic Prevention of acute graft-versus-host
disease. Thomas Hematopoyetic Stem Cell Transplantation, Chapter 84. Fourth
edition. 2016

150. Emadi A, Jones RJ and Brodsky RA. Cyclophosphamide and cancer: golden
anniversary. Nat Rev Clin Oncol. 2009;6(11):638-47.

151. Luznik L, O'Donnell PV and Fuchs EJ. Post-transplantation cyclophosphamide for
tolerance induction in HLA-haploidentical bone marrow transplantation.
Semin Oncol. 2012;39(6):683-93.

152. Brodsky RA, Petri M, Smith BD, Seifter EJ, Spivak JL, Styler M et al.
Immunoablative high-dose cyclophosphamide without stem-cell rescue for
refractory, severe autoimmune disease. Ann Intern Med. 1998;129(12):1031-5.

106

https://scholar.google.es/citations?user=OkjnGr0AAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Bandini+G&cauthor_id=26735993
https://pubmed.ncbi.nlm.nih.gov/?term=Patriarca+F&cauthor_id=26735993
https://pubmed.ncbi.nlm.nih.gov/?term=Pini+M&cauthor_id=26735993
https://scholar.google.es/citations?user=2EEUzpUAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=CBWy6ykAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Horwitz+ME&cauthor_id=29040031
https://pubmed.ncbi.nlm.nih.gov/?term=Johnston+L&cauthor_id=29040031
https://pubmed.ncbi.nlm.nih.gov/?term=Patnaik+MM&cauthor_id=29040031
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8462523/
https://pubmed.ncbi.nlm.nih.gov/?term=Williamson+TS&cauthor_id=20226870
https://pubmed.ncbi.nlm.nih.gov/?term=Russell+JA&cauthor_id=20226870
https://pubmed.ncbi.nlm.nih.gov/?term=Storek+J&cauthor_id=20226870
https://scholar.google.es/citations?user=2EEUzpUAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Kan+F&cauthor_id=21464372
https://pubmed.ncbi.nlm.nih.gov/?term=Artz+A&cauthor_id=21464372
https://pubmed.ncbi.nlm.nih.gov/?term=Champlin+RE&cauthor_id=21464372
https://scholar.google.es/citations?user=19CcN9kAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=pE_LfIoAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+AR&cauthor_id=18489989
https://pubmed.ncbi.nlm.nih.gov/?term=Leffell+MS&cauthor_id=18489989
https://pubmed.ncbi.nlm.nih.gov/?term=Zahurak+M&cauthor_id=18489989
https://pubmed.ncbi.nlm.nih.gov/?term=Boeckh+M&cauthor_id=9160697
https://pubmed.ncbi.nlm.nih.gov/?term=Anasetti+C&cauthor_id=9160697
https://pubmed.ncbi.nlm.nih.gov/?term=Appelbaum+FR&cauthor_id=9160697
https://scholar.google.es/citations?user=AdZ0Yh8AAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=XEREIo8AAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=hAU21aAAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=19CcN9kAAAAJ&hl=en&oi=sra
https://www.sciencedirect.com/science/article/pii/S009377541200187X
https://www.sciencedirect.com/science/article/pii/S009377541200187X
https://scholar.google.es/citations?user=hAU21aAAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Seifter+EJ&cauthor_id=9867758
https://pubmed.ncbi.nlm.nih.gov/?term=Spivak+JL&cauthor_id=9867758
https://pubmed.ncbi.nlm.nih.gov/?term=Styler+M&cauthor_id=9867758


153. Kanakry CG, Ganguly S, Zahurak M, Bolaños-Meade J, Thoburn C, Perkins B et
al. Aldehyde dehydrogenase expression drives human regulatory T cell resistance
to posttransplantation cyclophosphamide. Sci Transl Med. 2013;5(211):211ra157.

154. Kanakry CG, Ganguly S and Luznik L. Situational aldehyde dehydrogenase
expression by regulatory T cells may explain the contextual duality of
cyclophosphamide as both a pro-inflammatory and tolerogenic agent.
Oncoimmunology. 2015;4(3):e974393.

155. Jonge M, Huitema ADR, Rodenhuis S and Beijnen JH. Clinical Pharmacokinetics
of Cyclophosphamide. Clin Pharmacokinet. 2005;44(11):1135-64.

156. Wachsmuth LP, Patterson MT, Eckhaus MA, Venzon DJ, Gress RE, Kanakry CG et
al. Post-transplantation cyclophosphamide prevents graft-versus-host disease by
inducing alloreactive T cell dysfunction and suppression. J Clin Invest. 2019;
129(6):2357-2373.

157. Nunes NS and Kanakry CG. Mechanisms of Graft-versus-Host Disease
Prevention by Post-transplantation Cyclophosphamide: An Evolving Understanding.
Front Immunol. 2019;10(1):2668.

158. Eto M, Mayumi H, Tomita Y, Yoshikai Y and, Nomoto K. Intrathymic clonal
deletion of V beta 6+ T cells in cyclophosphamide-induced tolerance to H-2-
compatible, Mls-disparate antigens. J Exp Med. 1990;171(1):97-113.

159. Mayumi M, Sumimoto SI, Kanazashi SI, Hata D, Yamaoka K, Higaki Y et al.
Negative signaling in B cells by surface immunoglobulins. J Allergy Clin
Immunol. 1996;98(6 Pt 2):S238-47.

160. Luznik L, Jalla S, Engstrom LW, Iannone R and Fuchs EJ. Durable engraftment of
major histocompatibility complex–incompatible cells after nonmyeloablative
conditioning with fludarabine, low-dose total body irradiation, and
posttransplantation cyclophosphamide. Blood. 2001;98(12):3456–3464.

161. Luznik L, Engstrom LW, Iannone R and Fuchs EJ. Posttransplantation
cyclophosphamide facilitates engraftment of major histocompatibility complex-
identical allogeneic marrow in mice conditioned with low-dose total body
irradiation. Biol Blood Marrow Transplant. 2002;8(3):131-8.

162. Kasamon YL , Luznik L, Leffell MS, Kowalski J, Tsai HL, Bolaños-Meade J et al.
Nonmyeloablative HLA-haploidentical BMT with high-dose posttransplantation
cyclophosphamide: Effect of HLA disparity on outcome. Biol Blood Marrow
Transplant. 2010;16(4):482-9.

163. Brunstein CG, Fuchs EJ, Carter SL, Karanes C, Costa LJ, Wu J et al. Alternative
donor transplantation after reduced intensity conditioning: results of parallel phase
2 trials using partially HLA-mismatched related bone marrow or unrelated double
umbilical cord blood grafts. Blood. 2011;118(2):282-8.

164. Grosso D, Carabasi M, Filicko-O'Hara J, Kasner M, Wagner JL, Colombe B et al. A
2-step approach to myeloablative haploidentical stem cell transplantation: a phase
1/2 trial performed with optimized T-cell dosing. Blood. 2011;118(17):4732–4739.

107

https://scholar.google.es/citations?user=6H8Bo-gAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=2vT8mdoAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Bola%C3%B1os-Meade+J&cauthor_id=24225944
https://pubmed.ncbi.nlm.nih.gov/?term=Thoburn+C&cauthor_id=24225944
https://pubmed.ncbi.nlm.nih.gov/?term=Perkins+B&cauthor_id=24225944
https://www.science.org/doi/abs/10.1126/scitranslmed.3006960
https://www.science.org/doi/abs/10.1126/scitranslmed.3006960
https://scholar.google.es/citations?user=6H8Bo-gAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=2vT8mdoAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=19CcN9kAAAAJ&hl=en&oi=sra
https://link-springer-com.sire.ub.edu/article/10.2165/00003088-200544110-00003#auth-Alwin_D__R_-Huitema-Aff1
https://link-springer-com.sire.ub.edu/article/10.2165/00003088-200544110-00003#auth-Sjoerd-Rodenhuis-Aff2
https://pubmed.ncbi.nlm.nih.gov/?term=Beijnen+JH&cauthor_id=16231966
https://pubmed.ncbi.nlm.nih.gov/?term=Wachsmuth+LP&cauthor_id=30913039
https://pubmed.ncbi.nlm.nih.gov/?term=Patterson+MT&cauthor_id=30913039
https://pubmed.ncbi.nlm.nih.gov/?term=Eckhaus+MA&cauthor_id=30913039
https://pubmed.ncbi.nlm.nih.gov/?term=Venzon+DJ&cauthor_id=30913039
https://pubmed.ncbi.nlm.nih.gov/?term=Gress+RE&cauthor_id=30913039
https://pubmed.ncbi.nlm.nih.gov/?term=Kanakry+CG&cauthor_id=30913039
https://scholar.google.es/citations?user=aLrRSBwAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=6H8Bo-gAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Eto+M&cauthor_id=2136907
https://pubmed.ncbi.nlm.nih.gov/?term=Eto+M&cauthor_id=2136907
https://pubmed.ncbi.nlm.nih.gov/?term=Mayumi+H&cauthor_id=2136907
https://pubmed.ncbi.nlm.nih.gov/?term=Tomita+Y&cauthor_id=2136907
https://pubmed.ncbi.nlm.nih.gov/?term=Yoshikai+Y&cauthor_id=2136907
https://pubmed.ncbi.nlm.nih.gov/?term=Nomoto+K&cauthor_id=2136907
https://pubmed.ncbi.nlm.nih.gov/?term=Hata+D&cauthor_id=8977533
https://pubmed.ncbi.nlm.nih.gov/?term=Yamaoka+K&cauthor_id=8977533
https://pubmed.ncbi.nlm.nih.gov/?term=Higaki+Y&cauthor_id=8977533
https://www.sciencedirect.com/science/article/pii/S0091674996700726
https://scholar.google.es/citations?user=19CcN9kAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Iannone+R&cauthor_id=11719388
https://pubmed.ncbi.nlm.nih.gov/?term=Fuchs+EJ&cauthor_id=11719388
https://scholar.google.es/citations?user=19CcN9kAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=19CcN9kAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Kowalski+J&cauthor_id=19925877
https://pubmed.ncbi.nlm.nih.gov/?term=Tsai+HL&cauthor_id=19925877
https://pubmed.ncbi.nlm.nih.gov/?term=Bola%C3%B1os-Meade+J&cauthor_id=19925877
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2998606/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2998606/
https://pubmed.ncbi.nlm.nih.gov/?term=Brunstein+CG&cauthor_id=21527516
https://pubmed.ncbi.nlm.nih.gov/?term=Fuchs+EJ&cauthor_id=21527516
https://pubmed.ncbi.nlm.nih.gov/?term=Carter+SL&cauthor_id=21527516
https://pubmed.ncbi.nlm.nih.gov/?term=Karanes+C&cauthor_id=21527516
https://pubmed.ncbi.nlm.nih.gov/?term=Costa+LJ&cauthor_id=21527516
https://pubmed.ncbi.nlm.nih.gov/?term=Wu+J&cauthor_id=21527516
https://pubmed.ncbi.nlm.nih.gov/?term=Kasner+M&cauthor_id=21868572
https://pubmed.ncbi.nlm.nih.gov/?term=Wagner+JL&cauthor_id=21868572
https://pubmed.ncbi.nlm.nih.gov/?term=Colombe+B&cauthor_id=21868572


165. Sizemore CA, Bashey A, Sanacore M, Manion K, Holland HK, Morris LE et al.
Haploidentical Transplantation Using T-Cell Replete Peripheral Blood Stem Cells
and Myeloablative Conditioning in Patients with High-Risk Hematologic
Malignancies Who Lack Conventional Donors Is Well Tolerated and Produces
Excellent Relapse-Free Survival: Results of A Prospective Phase II Trial. Blood. 2011;
118(21):889-890.

166. Solomon SR, Sizemore CA, Sanacore M, Zhang X, Brown S, Holland HK et al.
Haploidentical Transplantation Using T Cell Replete Peripheral Blood Stem Cells
and Myeloablative Conditioning in Patients with High-Risk Hematologic
Malignancies Who Lack Conventional Donors is Well Tolerated and Produces
Excellent Relapse-Free Survival: Results of a Prospective Phase II Trial. Biol Blood
Marrow Transplant. 2012;18(12):1859-66.

167. Bashey A, Zhang X, Sizemore CA, Manion K, Brown S, Holland HK et al. T-Cell–
Replete HLA-Haploidentical Hematopoietic Transplantation for Hematologic
Malignancies Using Post-Transplantation Cyclophosphamide Results in Outcomes
Equivalent to Those of Contemporaneous HLA-Matched Related and Unrelated
Donor Transplantation. J Clin Oncol. 2013;31(10):1310-6.

168. Raiola AM, Dominietto A, di Grazia C, Lamparelli T, Gualandi F, Ibatici A et al.
Unmanipulated Haploidentical Transplants Compared with Other Alternative
Donors and Matched Sibling Grafts. Biol Blood Marrow Transplant. 2014;
20(10):1573-9.

169. Di Stasi A, Milton DR, Poon LM, Hamdi A, Rondon G, Chen J et al. Similar
Transplantation Outcomes for Acute Myeloid Leukemia and Myelodysplastic
Syndrome Patients with Haploidentical versus 10/10 Human Leukocyte Antigen–
Matched Unrelated and Related Donors. Biol Blood Marrow Transplant. 2014;
20(12):1975-81.

170. Ciurea SO and Bayraktar UD. "No donor"? Consider a haploidentical transplant.
Blood Rev. 2015;29(2):63-70.

171. Luznik L, Bolaños-Meade J, Zahurak M, Chen AR, Smith BD, Brodsky R et al.
High-dose cyclophosphamide as single-agent, short-course prophylaxis of graft-
versus-host disease. Blood. 2010;115(16):3224-30.

172. Kanakry CG, Tsai HL, Bolaños-Meade J, Smith SD, Gojo I, Kanakry JA et al. Single-
agent GVHD prophylaxis with posttransplantation cyclophosphamide after
myeloablative, HLA-matched BMT for AML, ALL, and MDS. Blood. 2014;
124(25):3817-27.

173. Kanakry CG, O'Donnell PV, Furlong T, Lima MJ, Wei W, Medeot M et al. Multi-
Institutional Study of Post-Transplantation Cyclophosphamide as Single-Agent
Graft-Versus-Host Disease Prophylaxis After Allogeneic Bone Marrow
Transplantation Using Myeloablative Busulfan and Fludarabine Conditioning. J Clin
Oncol. 2014;32(31):3497–3505.

108

https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+X&cauthor_id=22863841
https://pubmed.ncbi.nlm.nih.gov/?term=Brown+S&cauthor_id=22863841
https://pubmed.ncbi.nlm.nih.gov/?term=Holland+HK&cauthor_id=22863841
https://scholar.google.es/citations?user=sVwptR4AAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=qtIhXZQAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Lamparelli+T&cauthor_id=24910379
https://pubmed.ncbi.nlm.nih.gov/?term=Gualandi+F&cauthor_id=24910379
https://pubmed.ncbi.nlm.nih.gov/?term=Ibatici+A&cauthor_id=24910379
https://scholar.google.es/citations?user=T5y6eLUAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Hamdi+A&cauthor_id=25263628
https://pubmed.ncbi.nlm.nih.gov/?term=Rondon+G&cauthor_id=25263628
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+J&cauthor_id=25263628
https://scholar.google.es/citations?user=19CcN9kAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=MKkzS9QAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+AR&cauthor_id=20124511
https://pubmed.ncbi.nlm.nih.gov/?term=Smith+BD&cauthor_id=20124511
https://pubmed.ncbi.nlm.nih.gov/?term=Brodsky+R&cauthor_id=20124511
https://ashpublications.org/blood/article-abstract/115/16/3224/27029
https://ashpublications.org/blood/article-abstract/115/16/3224/27029
https://scholar.google.es/citations?user=6H8Bo-gAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=Hc06eNMAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=MKkzS9QAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Smith+BD&cauthor_id=25316679
https://pubmed.ncbi.nlm.nih.gov/?term=Gojo+I&cauthor_id=25316679
https://pubmed.ncbi.nlm.nih.gov/?term=Kanakry+JA&cauthor_id=25316679
https://ashpublications.org/blood/article-abstract/124/25/3817/33618
https://ashpublications.org/blood/article-abstract/124/25/3817/33618
https://ashpublications.org/blood/article-abstract/124/25/3817/33618
https://scholar.google.es/citations?user=6H8Bo-gAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=de+Lima+MJ&cauthor_id=25267759
https://pubmed.ncbi.nlm.nih.gov/?term=Wei+W&cauthor_id=25267759
https://pubmed.ncbi.nlm.nih.gov/?term=Medeot+M&cauthor_id=25267759
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4209101/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4209101/


174. Holtick U, Chemnitz JM, Shimabukuro-Vornhagen A, Theurich S, Chakupurakal
G, Krause A et al. OCTET-CY:a phase II study to investigate the efficacy of post-
transplant cyclophosphamide as sole graft-versus-host prophylaxis after allogeneic
peripheral blood stem cell transplantation. Eur J Haematol. 2016;96(1):27-35.

175. Nagler A, Labopin M, Dholaria B, Wu D, Choi G, Aljurf M et al. Graft-versus-Host
Disease Prophylaxis with Post-Transplantation Cyclophosphamide versus
Cyclosporine A and Methotrexate in Matched Sibling Donor Transplantation.
Transplant Cell Ther. 2022;28(2):86.e1-86.e8.

176. Holtan SG, Hamadani M, Wu J, Malki MM, Runaas L, Elmariah H et al. Post-
Transplant Cyclophosphamide, Tacrolimus, and Mycophenolate Mofetil As the New
Standard for Graft-Versus-Host Disease (GVHD) Prophylaxis in Reduced Intensity
Conditioning: Results from Phase III BMT CTN 1703. Blood. 2022;140(Supplement
2):LBA-4.

177. Bolaños-Meade J, Hamadani M, Wu J,  Malki MM LA, Martens MJ, Runaas L et
al. Post-transplantation cyclophosphamide-based graft-versus-host disease
prophylaxis. N Engl J Me. 2023;388(25):2338-2348.

178. Bolaños-Meade J, Reshef R, Fraser R, Fei M, Abhyankar S, Al-Kadhimi Z et al.
Three prophylaxis regimens (tacrolimus, mycophenolate mofetil, and
cyclophosphamide; tacrolimus, methotrexate, and bortezomib; or tacrolimus,
methotrexate, and maraviroc) versus tacrolimus and methotrexate for prevention
of graft-versus-host disease with haemopoietic cell transplantation with reduced-
intensity conditioning: a randomised phase 2 trial with a non-randomised
contemporaneous control group (BMT CTN 1203). Lancet Haematol. 2019;
6(3):e132-e143.

179. Battipaglia G, Labopin M, Krögeret N, Vitek A, Afanasyev B, Hilgendorf I al.
Posttransplant cyclophosphamide vs antithymocyte globulin in HLA-mismatched
unrelated donor transplantation. Blood. 2019;134(11):892-899.

180. Soltermann Y, Heim D, Medinger M, Baldomero H, Halter JP, Gerull S et al.
Reduced dose of post-transplantation cyclophosphamide compared to ATG for
graft-versus-host disease prophylaxis in recipients of mismatched unrelated donor
hematopoietic cell transplantation: a single-center study. Ann Hematol. 2019;
98(6):1485-1493

181. Mehta RS, Saliba RM, Chen J, Rondon G, Hammerstrom AE, Alousi A et al. Post-
transplantation cyclophosphamide versus conventional graft-versus-host disease
prophylaxis in mismatched unrelated donor haematopoietic cell transplantation. Br
J Haematol. 2016;173(3):444-55.

182. Gaballa S, Ge I, El Fakih R, Brammer JE, Kongtim P, Tomuleasa C et al. Results of
a 2-arm, phase 2 clinical trial using post-transplantation cyclophosphamide for the
prevention of graft-versus-host disease in haploidentical donor and mismatched
unrelated donor hematopoietic stem cell transplantation. Cancer. 2016;
122(21):3316-3326.

109

https://pubmed.ncbi.nlm.nih.gov/?term=Theurich+S&cauthor_id=25703164
https://pubmed.ncbi.nlm.nih.gov/?term=Chakupurakal+G&cauthor_id=25703164
https://pubmed.ncbi.nlm.nih.gov/?term=Krause+A&cauthor_id=25703164
https://scholar.google.es/citations?user=N0lCx8QAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=54AU7UcAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=ydwRxnYAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Wu+D&cauthor_id=34856420
https://pubmed.ncbi.nlm.nih.gov/?term=Choi+G&cauthor_id=34856420
https://pubmed.ncbi.nlm.nih.gov/?term=Aljurf+M&cauthor_id=34856420
https://scholar.google.es/citations?user=a3pxBsEAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=UA0QU3sAAAAJ&hl=en&oi=sra
javascript:;
javascript:;
javascript:;
https://scholar.google.es/citations?user=MKkzS9QAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=UA0QU3sAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Al+Malki+MM&cauthor_id=37342922
https://pubmed.ncbi.nlm.nih.gov/?term=Martens+MJ&cauthor_id=37342922
https://pubmed.ncbi.nlm.nih.gov/?term=Runaas+L&cauthor_id=37342922
https://www.nejm.org/doi/full/10.1056/NEJMoa2215943
https://www.nejm.org/doi/full/10.1056/NEJMoa2215943
https://scholar.google.es/citations?user=MKkzS9QAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=EbWsjg8AAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=DNrnlZYAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Fei+M&cauthor_id=30824040
https://pubmed.ncbi.nlm.nih.gov/?term=Abhyankar+S&cauthor_id=30824040
https://pubmed.ncbi.nlm.nih.gov/?term=Al-Kadhimi+Z&cauthor_id=30824040
https://scholar.google.es/citations?user=54AU7UcAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=OkjnGr0AAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Vitek+A&cauthor_id=31270102
https://pubmed.ncbi.nlm.nih.gov/?term=Afanasyev+B&cauthor_id=31270102
https://pubmed.ncbi.nlm.nih.gov/?term=Hilgendorf+I&cauthor_id=31270102
https://ashpublications.org/blood/article-abstract/134/11/892/273868
https://ashpublications.org/blood/article-abstract/134/11/892/273868
https://pubmed.ncbi.nlm.nih.gov/?term=Baldomero+H&cauthor_id=30915500
https://pubmed.ncbi.nlm.nih.gov/?term=Halter+JP&cauthor_id=30915500
https://pubmed.ncbi.nlm.nih.gov/?term=Gerull+S&cauthor_id=30915500
https://pubmed.ncbi.nlm.nih.gov/?term=Rondon+G&cauthor_id=26947769
https://pubmed.ncbi.nlm.nih.gov/?term=Hammerstrom+AE&cauthor_id=26947769
https://pubmed.ncbi.nlm.nih.gov/?term=Alousi+A&cauthor_id=26947769
https://scholar.google.es/citations?user=TZD08GcAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Brammer+JE&cauthor_id=27404668
https://pubmed.ncbi.nlm.nih.gov/?term=Kongtim+P&cauthor_id=27404668
https://pubmed.ncbi.nlm.nih.gov/?term=Tomuleasa+C&cauthor_id=27404668


183. Jorge AS, Suárez-Lledó M, Pereira A,  Gutierrez G, Fernández-Avilés F, Rosiñol L
et al. Single Antigen–Mismatched Unrelated Hematopoietic Stem Cell
Transplantation Using High-Dose Post-Transplantation Cyclophosphamide Is a
Suitable Alternative for Patients Lacking HLA-Matched Donors. Biol Blood Marrow
Transplant. 2018;24(6):1196-1202.

184. Deanfield JE, Halcox JP, and Rabelink TJ. Endothelial Function and Dysfunction.
Circulation. 2007;115(10):1285–1295.

185. Pober JS and Sessa WC. Evolving functions of endothelial cells in inflammation.
Nat Rev Immunol. 2007;7(10):803-15.

186. Vestweber D. How leukocytes cross the vascular endothelium.
Nat Rev Immunol. 2015;15(11):692-704.

187. Wettschureck N, Strilic B and Offermanns S. Passing the vascular barrier:
endothelial signaling processes controlling extravasation. Physiol Rev. 2019;
99(3):1467-1525.

188. Biedermann BC. Vascular endothelium and graft-versus-host disease. Best Pract
Res Clin Haematol. 2008;21(2):129-38.

189. Palomo M, Diaz-Ricart M, Carbo C, Rovira M, Fernandez-Aviles F, Martinez C et
al. Endothelial Dysfunction after Hematopoietic Stem Cell Transplantation: Role of
the Conditioning Regimen and the Type of Transplantation. Biol Blood Marrow
Transplant. 2010;16(7):985-93.

190. Cutler C, Kim HT, Ayanian S, Bradwin G, Revta C, Aldridge J et al. Prediction of
Veno-Occlusive Disease Using Biomarkers of Endothelial Injury. Biol Blood Marrow
Transplant. 2010;16(8):1180-5.

191. Carreras E and Diaz-Ricart M. The role of the endothelium in the short-term
complications of hematopoietic SCT. Bone Marrow Transplant. 2011;46(12):1495-
502.

192. Milone G, Bellofiore C, Leotta S, Milone GA, Cupri A, Duminuco A et al.
Endothelial Dysfunction after Hematopoietic Stem Cell Transplantation: A Review
Based on Physiopathology. J Clin Med. 2022;11(3):623.

193. Luft T, Dreger P and Radujkovic A. Endothelial cell dysfunction: a key
determinant for the outcome of allogeneic stem cell transplantation. Bone Marrow
Transplant. 2021;56(10):2326-2335.

194. Lia G, Giaccone L, Leone S and Bruno B. Biomarkers for early complications of
endothelial origin after allogeneic hematopoietic stem cell transplantation: do they
have a potential clinical role? Front Immunol. 2021;12:641427.

195. Tichelli A and Gratwohl A. Vascular endothelium as 'novel'target of graft-
versus-host disease. Best Pract Res Clin Haematol. 2008;21(2):139-48.

196. Sumransub N, El Jurdi N, Chiraphapphaiboon W and Maakaron JE. Putting
function back in dysfunction: Endothelial diseases and current therapies in
hematopoietic stem cell transplantation and cellular therapies. Blood
Rev. 2022:51:100883.

110

https://pubmed.ncbi.nlm.nih.gov/?term=Gutierrez+G&cauthor_id=29410343
https://pubmed.ncbi.nlm.nih.gov/?term=Fern%C3%A1ndez-Avil%C3%A9s+F&cauthor_id=29410343
https://pubmed.ncbi.nlm.nih.gov/?term=Rosi%C3%B1ol+L&cauthor_id=29410343
https://scholar.google.es/citations?user=AJcV0e4AAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=fmV1X00AAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=e4JfTgsAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=QiqCRx8AAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=UxjVFMwAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Offermanns+S&cauthor_id=31140373
https://journals.physiology.org/doi/abs/10.1152/physrev.00037.2018
https://journals.physiology.org/doi/abs/10.1152/physrev.00037.2018
https://scholar.google.es/citations?user=vbzO8RkAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Rovira+M&cauthor_id=20167280
https://pubmed.ncbi.nlm.nih.gov/?term=Fernandez-Aviles+F&cauthor_id=20167280
https://pubmed.ncbi.nlm.nih.gov/?term=Martine+C&cauthor_id=20167280
https://scholar.google.es/citations?user=CBWy6ykAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Bradwin+G&cauthor_id=20184961
https://pubmed.ncbi.nlm.nih.gov/?term=Revta+C&cauthor_id=20184961
https://pubmed.ncbi.nlm.nih.gov/?term=Aldridge+J&cauthor_id=20184961
https://www.nature.com/articles/bmt201165
https://www.nature.com/articles/bmt201165
https://pubmed.ncbi.nlm.nih.gov/?term=Milone+GA&cauthor_id=35160072
https://pubmed.ncbi.nlm.nih.gov/?term=Cupri+A&cauthor_id=35160072
https://pubmed.ncbi.nlm.nih.gov/?term=Duminuco+A&cauthor_id=35160072
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2021.641427/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2021.641427/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2021.641427/full
https://www.sciencedirect.com/science/article/pii/S1521692608000042
https://www.sciencedirect.com/science/article/pii/S1521692608000042
https://scholar.google.es/citations?user=US5EKGEAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=Q7d0hzwAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=DlX4qC8AAAAJ&hl=en&oi=sra


197. Penack O, Socié G and Van den Brink MRM. The
importance of neovascularization and its inhibition for allogeneic hematopoietic
stem cell transplantation. Blood. 2011;117(16):4181-9.

198. Dumler JS, Beschorner WE, Farmer ER, Di Gennaro KA, Saral R and Santos G.
Endothelial-cell injury in cutaneous acute graft-versus-host disease. Am J
Pathol. 1989;135(6):1097-103.

199. Sviland L, Pearson ADJ, Green MA, Baker BD, Eastham JE, Reid MM et al.
Immunopathology of early graft-versus-host disease—a prospective study of skin,
rectum, and peripheral blood in allogeneic and autologous bone marrow transplant
recipients. Transplantation. 1991;52(6):1029-36.

200. Shen N, Ffrench P, Guyotat D, Ffrench M, Fiere D, Bryon PA et al. Expression of
adhesion molecules in endothelial cells during allogeneic bone marrow
transplantation. Eur J Haematol. 1994;52(5):296-301.

201. Salat C, Holler E, Kolb HJ, Pihusch R, Reinhardt B and Hiller E. Endothelial cell
markers in bone marrow transplant recipients with and without acute graft-versus-
host disease. Bone Marrow Transplant. 1997;19(9):909-14.

202. Eyrich M, Burger G, Marquardt K, Budach W, Schilbach K, Niethammer D et al.
Sequential Expression of Adhesion and Costimulatory Molecules in Graft-versus-
Host Disease Target Organs after Murine Bone Marrow Transplantation across
Minor Histocompatibility Antigen Barriers. Biol Blood Marrow Transplant. 2005;
11(5):371-82.

203. Cordes S, Mokhtari Z, Bartosova M, Mertlitz S, Riesner S, Shi Y et al. Endothelial
damage and dysfunction in acute graft-versus-host disease. Haematologica. 2021;
106(8):2147-2160.

204. Choi SW, Kitko CL, Braun T, Paczesny S, Yanik G, Mineishi S et al. Change in
plasma tumor necrosis factor receptor 1 levels in the first week after myeloablative
allogeneic transplantation correlates with severity and incidence of GVHD and
survival. Blood. 2008;112(4):1539-42.

205. Hill GR and Koyama M. Cytokines and costimulation in acute graft-versus-host
disease. Blood. 2020;136(4):418–428.

206. Millán J, Hewlett L, Glyn M, Toomre D, Clark P and Ridley AJ. Lymphocyte
transcellular migration occurs through recruitment of endothelial ICAM-1 to
caveola-and F-actin-rich domains. Nat Cell Biol. 2006;8(2):113-23.

207. Fiedler U, Reiss Y, Scharpfenecker M, Grunow V, Koidl S, Thurston G et al.
Angiopoietin-2 sensitizes endothelial cells to TNF-α and has a crucial role in the
induction of inflammation. Nat Med. 2006;12(2):235-9.

208. Neidemire-Colley L, Robert J, Ackaoui A, Dorrance AM, Guimond M
and Ranganathan P. Role of endothelial cells in graft-versus-host disease. Front
Immunol. 2022;13(1):1033490.

209. Goon PK, Boos CJ and Lip GY. Circulating endothelial cells: markers of vascular
dysfunction. Clin Lab. 2005;51(9-10):531-8.

111

https://scholar.google.es/citations?user=YuPmD4gAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=6uwpQakAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=lRWCOc4AAAAJ&hl=en&oi=sra
https://ashpublications.org/blood/article-abstract/117/16/4181/20774
https://ashpublications.org/blood/article-abstract/117/16/4181/20774
https://ashpublications.org/blood/article-abstract/117/16/4181/20774
https://scholar.google.es/citations?user=wAcwL7oAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Di+Gennaro+KA&cauthor_id=2596572
https://pubmed.ncbi.nlm.nih.gov/?term=Saral+R&cauthor_id=2596572
https://pubmed.ncbi.nlm.nih.gov/?term=Santos+GW&cauthor_id=2596572
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1880480/
https://pubmed.ncbi.nlm.nih.gov/?term=Baker+BD&cauthor_id=1836284
https://pubmed.ncbi.nlm.nih.gov/?term=Eastham+EJ&cauthor_id=1836284
https://pubmed.ncbi.nlm.nih.gov/?term=Reid+MM&cauthor_id=1836284
https://pubmed.ncbi.nlm.nih.gov/?term=Ffrench+M&cauthor_id=7517372
https://pubmed.ncbi.nlm.nih.gov/?term=Fiere+D&cauthor_id=7517372
https://pubmed.ncbi.nlm.nih.gov/?term=Bryon+PA&cauthor_id=7517372
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0609.1994.tb00099.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0609.1994.tb00099.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1600-0609.1994.tb00099.x
https://pubmed.ncbi.nlm.nih.gov/?term=Pihusch+R&cauthor_id=9156265
https://pubmed.ncbi.nlm.nih.gov/?term=Reinhardt+B&cauthor_id=9156265
https://pubmed.ncbi.nlm.nih.gov/?term=Hiller+E&cauthor_id=9156265
https://www.nature.com/articles/1700767
https://www.nature.com/articles/1700767
https://www.nature.com/articles/1700767
https://pubmed.ncbi.nlm.nih.gov/?term=Budach+W&cauthor_id=15846291
https://pubmed.ncbi.nlm.nih.gov/?term=Schilbach+K&cauthor_id=15846291
https://pubmed.ncbi.nlm.nih.gov/?term=Niethammer+D&cauthor_id=15846291
https://scholar.google.es/citations?user=MDziT4QAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=RwPYuG0AAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Mertlitz+S&cauthor_id=32675225
https://pubmed.ncbi.nlm.nih.gov/?term=Riesner+K&cauthor_id=32675225
https://pubmed.ncbi.nlm.nih.gov/?term=Shi+Y&cauthor_id=32675225
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8327719/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8327719/
https://scholar.google.es/citations?user=Sg9SqwkAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Paczesny+S&cauthor_id=18502834
https://pubmed.ncbi.nlm.nih.gov/?term=Yanik+G&cauthor_id=18502834
https://pubmed.ncbi.nlm.nih.gov/?term=Mineishi+S&cauthor_id=18502834
https://scholar.google.es/citations?user=ab329n8AAAAJ&hl=en&oi=sra
https://ashpublications.org/blood/article-abstract/136/4/418/460895
https://ashpublications.org/blood/article-abstract/136/4/418/460895
https://scholar.google.es/citations?user=8u3KKFEAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Toomre+D&cauthor_id=16429128
https://pubmed.ncbi.nlm.nih.gov/?term=Clark+P&cauthor_id=16429128
https://pubmed.ncbi.nlm.nih.gov/?term=Ridley+AJ&cauthor_id=16429128
https://www.nature.com/articles/ncb1356
https://www.nature.com/articles/ncb1356
https://www.nature.com/articles/ncb1356
https://scholar.google.es/citations?user=G7JJ4KUAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Grunow+V&cauthor_id=16462802
https://pubmed.ncbi.nlm.nih.gov/?term=Koidl+S&cauthor_id=16462802
https://pubmed.ncbi.nlm.nih.gov/?term=Thurston+G&cauthor_id=16462802
https://www.nature.com/articles/nm1351
https://www.nature.com/articles/nm1351
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.1125035/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.1125035/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.1125035/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.1125035/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.1125035/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.1125035/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.1125035/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.1125035/full
https://scholar.google.es/citations?user=R7WWJEEAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=cqY4wxQAAAAJ&hl=en&oi=sra
https://europepmc.org/article/med/16285476
https://europepmc.org/article/med/16285476


210. Angelot F, Seillès E, Biichlé S, Berda Y, Gaugler B, Plumas J et al. Endothelial cell-
derived microparticles induce plasmacytoid dendritic cell maturation: potential
implications in inflammatory diseases. Haematologica. 2009;94(11):1502-12.

211. Almici C, Skert C, Bruno B, Bianchetti A, Verardi R, Di Palma A et al. Circulating
endothelial cell count: a reliable marker of endothelial damage in patients
undergoing hematopoietic stem cell transplantation. Bone Marrow
Transplant. 2017;52(12):1637-1642.

212. Paczesny S. Biomarkers for posttransplantation outcomes. Blood. 2018;
131(20):2193-2204.

213. Moreno-Castaño AB, Salas MQ , Palomo M, Martinez-Sanchez J, Rovira
M, Fernández-Avilés F et al. Early vascular endothelial complications after
hematopoietic cell transplantation: Role of the endotheliopathy in biomarkers and
target therapies development. Front Immunol. 2022;13:1050994.

214. Mir E, Palomo M, Rovira M, Pereira A, Escolar G, Penack O et al. Endothelial
damage is aggravated in acute GvHD and could predict its development. Bone
Marrow Transplant. 2017;52(9):1317-1325.

215. Luft T, Dietrich S, Falk C, Conzelmann M, Hess M, Benner A et al. Steroid-
refractory GVHD: T-cell attack within a vulnerable endothelial system. Blood. 2011;
118(6):1685-92.

216. Nie DM, Wu QL, Zhu XX, Zhang R, Zheng P, Fang J et al. Angiogenic factors are
associated with development of acute graft-versus-host disease after allogeneic
hematopoietic stem cell transplantation J Huazhong Univ Sci Technolog Med Sci.
2015;35(5):694-699.

217. Gloude NJ, Khandelwal P, Luebbering N, Lounder DT, Jodele S, Alder MN et al.
Circulating dsDNA, endothelial injury, and complement activation in thrombotic
microangiopathy and GVHD. Blood. 2017;130(10):1259-1266.

218. Aziz MD, Shah J, Kapoor U, Dimopoulos C, Anand S, Augustine A et al. Disease
risk and GVHD biomarkers can stratify patients for risk of relapse and nonrelapse
mortality post hematopoietic cell transplant. Leukemia. 2020;34(7):1898-1906.

219. Major-Monfried H, Renteria AS, Pawarode A, Reddy P, Ayuk F, Holler E et al.
MAGIC biomarkers predict long-term outcomes for steroid-resistant acute GVHD.
Blood. 2018;131(25):2846–2855.

220. Solán L, Kwon M, Carbonell D, Dorado N, Balsalobre P, Serrano D et al. ST2 and
REG3α as predictive biomarkers after haploidentical stem cell transplantation using
post-transplantation high-dose cyclophosphamide. Front Immunol. 2019;10:2338.

221. Balakrishnan B, Illangeswaran RSS, Rajamani BM, Pai AA, Raj IX, Paul DZ et al.
Prognostic plasma biomarkers of early complications and graft-versus-host disease
in patients undergoing allogeneic hematopoietic stem cell transplantation.
EJHaem. 2020;1(1):219-229.

112

https://pubmed.ncbi.nlm.nih.gov/?term=Berda+Y&cauthor_id=19648164
https://pubmed.ncbi.nlm.nih.gov/?term=Gaugler+B&cauthor_id=19648164
https://pubmed.ncbi.nlm.nih.gov/?term=Plumas+J&cauthor_id=19648164
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2770960/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2770960/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2770960/
https://scholar.google.es/citations?user=rQ8qEVAAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=9n99iQ0AAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Bianchetti+A&cauthor_id=28892085
https://pubmed.ncbi.nlm.nih.gov/?term=Verardi+R&cauthor_id=28892085
https://pubmed.ncbi.nlm.nih.gov/?term=Di+Palma+A&cauthor_id=28892085
https://www.nature.com/articles/bmt2017194
https://www.nature.com/articles/bmt2017194
https://www.nature.com/articles/bmt2017194
https://scholar.google.es/citations?user=nsdnk6sAAAAJ&hl=en&oi=sra
https://ashpublications.org/blood/article-abstract/131/20/2193/6540
https://pubmed.ncbi.nlm.nih.gov/?term=Martinez-Sanchez+J&cauthor_id=36479117
https://pubmed.ncbi.nlm.nih.gov/?term=Rovira+M&cauthor_id=36479117
https://pubmed.ncbi.nlm.nih.gov/?term=Fern%C3%A1ndez-Avil%C3%A9s+F&cauthor_id=36479117
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.1050994
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.1050994
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2022.1050994
https://pubmed.ncbi.nlm.nih.gov/?term=Pereira+A&cauthor_id=28650450
https://pubmed.ncbi.nlm.nih.gov/?term=Escolar+G&cauthor_id=28650450
https://pubmed.ncbi.nlm.nih.gov/?term=Penack+O&cauthor_id=28650450
https://www.nature.com/articles/bmt2017121
https://www.nature.com/articles/bmt2017121
https://scholar.google.es/citations?user=7TcU4m4AAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=gqYPLsEAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Conzelmann+M&cauthor_id=21636856
https://pubmed.ncbi.nlm.nih.gov/?term=Hess+M&cauthor_id=21636856
https://pubmed.ncbi.nlm.nih.gov/?term=Benner+A&cauthor_id=21636856
https://ashpublications.org/blood/article-abstract/118/6/1685/29155
https://ashpublications.org/blood/article-abstract/118/6/1685/29155
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+R&cauthor_id=26489624
https://pubmed.ncbi.nlm.nih.gov/?term=Zheng+P&cauthor_id=26489624
https://pubmed.ncbi.nlm.nih.gov/?term=Fang+J&cauthor_id=26489624
https://scholar.google.es/citations?user=BQ24q6oAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=4rizpQkAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Lounder+DT&cauthor_id=28705839
https://pubmed.ncbi.nlm.nih.gov/?term=Jodele+S&cauthor_id=28705839
https://pubmed.ncbi.nlm.nih.gov/?term=Alder+MN&cauthor_id=28705839
https://ashpublications.org/blood/article-abstract/130/10/1259/36372
https://ashpublications.org/blood/article-abstract/130/10/1259/36372
https://scholar.google.es/citations?user=Okvq3VYAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Dimopoulos+C&cauthor_id=32020045
https://pubmed.ncbi.nlm.nih.gov/?term=Anand+S&cauthor_id=32020045
https://pubmed.ncbi.nlm.nih.gov/?term=Augustine+A&cauthor_id=32020045
https://www.nature.com/articles/s41375-020-0726-z
https://www.nature.com/articles/s41375-020-0726-z
https://www.nature.com/articles/s41375-020-0726-z
javascript:;
javascript:;
javascript:;
https://pubmed.ncbi.nlm.nih.gov/?term=Reddy+P&cauthor_id=29545329
https://pubmed.ncbi.nlm.nih.gov/?term=Ayuk+F&cauthor_id=29545329
https://pubmed.ncbi.nlm.nih.gov/?term=Holler+E&cauthor_id=29545329
https://scholar.google.es/citations?user=YQSkK40AAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Dorado+N&cauthor_id=31649665
https://pubmed.ncbi.nlm.nih.gov/?term=Balsalobre+P&cauthor_id=31649665
https://pubmed.ncbi.nlm.nih.gov/?term=Serrano+D&cauthor_id=31649665
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.02338/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.02338/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2019.02338/full
https://scholar.google.es/citations?user=EbB-1YAAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=Naoxp8MAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Pai+AA&cauthor_id=32885223
https://pubmed.ncbi.nlm.nih.gov/?term=Raj+IX&cauthor_id=32885223
https://pubmed.ncbi.nlm.nih.gov/?term=Paul+DZ&cauthor_id=32885223
https://onlinelibrary.wiley.com/doi/abs/10.1002/jha2.26
https://onlinelibrary.wiley.com/doi/abs/10.1002/jha2.26


222. Pavletic SZ, Smith LM, Bishop MR, Lynch JC, Tarantolo SR, Vose JM et al.
Prognostic factors of chronic graft-versus-host disease after allogeneic blood
stem-cell transplantation. Am J Hematol. 2005;78(4):265-74

223. Luft T, Benner A, Jodele S, Dandoy EC, Storb R, Gooley T et al. EASIX in patients
with acute graft-versus-host disease: a retrospective cohort analysis. Lancet
Haematol. 2017;4(9):e414-e423.

224. T Luft, A Benner, T Terzer, Jodele S, Dandoy CE, Storb R et al. EASIX and
mortality after allogeneic stem cell transplantation. Bone Marrow
Transplant. 2020;55(3):553-561.

225. Peña M, Salas MQ, Mussetti A, Moreno-Gonzalez G, Bosch A, Patiño B et al.
Pretransplantation EASIX predicts intensive care unit admission in allogeneic
hematopoietic cell transplantation. Blood Adv. 2021;5(17):3418-3426.

226. Shouval R, Fein JA, Shouval A, Danylesko I, Shem-Tov N, Zlotnik M et al. External
validation and comparison of multiple prognostic scores in allogeneic
hematopoietic stem cell transplantation. Blood Adv. 2019;3(12):1881–1890.

227. Jiang S, Penack O, Terzer T, Schult D, Majer-Lauterbach J, Radujkovic A et al.
Predicting sinusoidal obstruction syndrome after allogeneic stem cell
transplantation with the EASIX biomarker panel. Haematologica. 2021;106(2):446-
453.

228. Kröger N, Zabelina T, Binder T, Ayuk F, Bacher U, Amtsfeld G et al. HLA-
mismatched unrelated donors as an alternative graft source for allogeneic stem cell
transplantation after antithymocyte globulin-containing conditioning regimen. Biol
Blood Marrow Transplant. 2009;15(4):454–462.

229. Langston AA, Prichard JM, Muppidi S, Nooka A, Lechowicz MJ, Lonial S et al.
Favorable impact of pre-transplant ATG on outcomes of reduced-intensity
hematopoietic cell transplants from partially mismatched unrelated donors. Bone
Marrow Transplant. 2014;49(2):185–189.

230. Lorentino F, Labopin M, Ciceri F, Vago L, Fleischhauer K, Afanasyev B et al. Post-
transplantation cyclophosphamide GvHD prophylaxis after hematopoietic stem cell
transplantation from 9/10 or 10/10 HLA-matched unrelated donors for acute
leukemia. Leukemia. 2021;35(2):585–594.

231. Kanakry CG, Bolaños-Meade J, Kasamon YL, Zahurak M, Durakovic N, Furlong T
et al. Low immunosuppressive burden after HLA-matched related or unrelated
BMT using posttransplantation cyclophosphamide. Blood. 2017;129(10):1389–
1393.

232. Bradstock KF, Bilmon I, Kwan J, Micklethwaite K, Blyth E, Deren S et al. Single-
agent high-dose cyclophosphamide for graft-versus-host disease prophylaxis in
human leukocyte antigen-matched reduced-intensity peripheral blood stem cell
transplantation results in an unacceptably high rate of severe acute graft-versus
host disease. Biol Blood Marrow Transpl. 2015;21(5):941–944.

113

https://scholar.google.es/citations?user=Q39FQWcAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=B6_RzokAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Lynch+JC&cauthor_id=15795914
https://pubmed.ncbi.nlm.nih.gov/?term=Tarantolo+SR&cauthor_id=15795914
https://pubmed.ncbi.nlm.nih.gov/?term=Vose+JM&cauthor_id=15795914
https://onlinelibrary.wiley.com/doi/abs/10.1002/ajh.20275
https://onlinelibrary.wiley.com/doi/abs/10.1002/ajh.20275
https://scholar.google.es/citations?user=j9PRidwAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Dandoy+CE&cauthor_id=28733186
https://pubmed.ncbi.nlm.nih.gov/?term=Storb+R&cauthor_id=28733186
https://pubmed.ncbi.nlm.nih.gov/?term=Gooley+T&cauthor_id=28733186
https://www.thelancet.com/journals/lanhae/article/PIIS2352-3026(17)30108-4/fulltext?source=post_page---------------------------
https://www.thelancet.com/journals/lanhae/article/PIIS2352-3026(17)30108-4/fulltext?source=post_page---------------------------
https://scholar.google.es/citations?user=j9PRidwAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Jodele+S&cauthor_id=31558788
https://pubmed.ncbi.nlm.nih.gov/?term=Dandoy+CE&cauthor_id=31558788
https://pubmed.ncbi.nlm.nih.gov/?term=Storb+R&cauthor_id=31558788
https://www.nature.com/articles/s41409-019-0703-1
https://www.nature.com/articles/s41409-019-0703-1
https://scholar.google.es/citations?user=a4NBDrUAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Moreno-Gonzalez+G&cauthor_id=34495311
https://pubmed.ncbi.nlm.nih.gov/?term=Bosch+A&cauthor_id=34495311
https://pubmed.ncbi.nlm.nih.gov/?term=Pati%C3%B1o+B&cauthor_id=34495311
https://ashpublications.org/bloodadvances/article-abstract/5/17/3418/476732
https://ashpublications.org/bloodadvances/article-abstract/5/17/3418/476732
https://scholar.google.es/citations?user=d0tQDMIAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=tQ_GD_EAAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Danylesko+I&cauthor_id=31221661
https://pubmed.ncbi.nlm.nih.gov/?term=Shem-Tov+N&cauthor_id=31221661
https://pubmed.ncbi.nlm.nih.gov/?term=Zlotnik+M&cauthor_id=31221661
https://pubmed.ncbi.nlm.nih.gov/?term=Schult+D&cauthor_id=31974195
https://pubmed.ncbi.nlm.nih.gov/?term=Majer-Lauterbach+J&cauthor_id=31974195
https://pubmed.ncbi.nlm.nih.gov/?term=Radujkovic+A&cauthor_id=31974195
https://haematologica.org/article/view/9631
https://haematologica.org/article/view/9631
https://pubmed.ncbi.nlm.nih.gov/?term=Ayuk+F&cauthor_id=19285633
https://pubmed.ncbi.nlm.nih.gov/?term=Bacher+U&cauthor_id=19285633
https://pubmed.ncbi.nlm.nih.gov/?term=Amtsfeld+G&cauthor_id=19285633
https://pubmed.ncbi.nlm.nih.gov/?term=Nooka+A&cauthor_id=24162613
https://pubmed.ncbi.nlm.nih.gov/?term=Lechowicz+MJ&cauthor_id=24162613
https://pubmed.ncbi.nlm.nih.gov/?term=Lonial+S&cauthor_id=24162613
https://pubmed.ncbi.nlm.nih.gov/?term=Vago+L&cauthor_id=32409688
https://pubmed.ncbi.nlm.nih.gov/?term=Fleischhauer+K&cauthor_id=32409688
https://pubmed.ncbi.nlm.nih.gov/?term=Afanasyev+B&cauthor_id=32409688
https://pubmed.ncbi.nlm.nih.gov/?term=Zahurak+M&cauthor_id=28049637
https://pubmed.ncbi.nlm.nih.gov/?term=Durakovic+N&cauthor_id=28049637
https://pubmed.ncbi.nlm.nih.gov/?term=Furlong+T&cauthor_id=28049637
https://pubmed.ncbi.nlm.nih.gov/?term=Micklethwaite+K&cauthor_id=25636379
https://pubmed.ncbi.nlm.nih.gov/?term=Blyth+E&cauthor_id=25636379
https://pubmed.ncbi.nlm.nih.gov/?term=Deren+S&cauthor_id=25636379


233. Kasamon YL, Ambinder RF, Fuchs EJ, Zahurak M, Rosner GL, Bolaños-Meade J et
al. Prospective study of nonmyeloablative, HLA-mismatched unrelated BMT with
high-dose posttransplantation cyclophosphamide. Blood Advances. 2017;
1(4):288–292.

234. Ruggeri A, Labopin M, Bacigalupo A, Afanasyev B, Cornelissen JJ, Elmaagacli A et
al. Post-transplant cyclophospha mide for graft-versus-host disease prophylaxis in
HLA matched sibling or matched unrelated donor transplant for patients with acute
leukemia, on behalf of ALWP-EBMT. J Hematol Oncol. 2018;11(1):40

235. Jimenez Jimenez  A, Komanduri K, Brown S, Wang T, Pereira D, Goodman M et
al. Improved GRFS after posttransplant cyclophosphamide-based vs ATG-based
HLA-mismatched unrelated donor transplant. Blood Adv. 2022;6(15):4491-4500.

236. Shaw BE, Jimenez-Jimenez AM, Burns LJ, Logan BR, Khimani F, Shaffer BC et al.
National Marrow Donor Program–Sponsored Multicenter, Phase II Trial of HLA-
Mismatched Unrelated Donor Bone Marrow Transplantation Using Post-Transplant
Cyclophosphamide. J Clin Oncol. 2021;39(18):1971-1982

237. Auletta J, AlMalki MM, DeFor TE, Shaffer BC, Gooptu M, Bolaños-Meade J et al.
Post-Transplant Cyclophosphamide Eliminates Disparity in GvHD-Free, Relapse-
Free Survival and Overall Survival between 8/8 Matched and 7/8 Mismatched
Unrelated Donor Hematopoietic Cell Transplantation in Adults with Acute
Leukemia or MDS. Transplant Cell Ther. 2023;30(2):S24-S25.

238. Elmariah H, Naqvi SM, Kim J, Nishihori T, Mishra A, Perez L et al. Impact of
infused CD34+ stem cell dosing for allogeneic peripheral blood stem cell
transplantation with post-transplant cyclophosphamide. Bone Marrow Transplant.
2021;56(7):1683–1690.

239. Cao TM, Wong RM, Sheehan K,  Laport GG, Stockerl-Goldstein KE, Johnston LJ
et al. CD34, CD4, and CD8 cell doses do not influence engraftment, graft-versus-
host disease, or survival following myeloablative human leukocyte antigen-
identical peripheral blood allografting for hematologic malignancies. Exp Hematol.
2005;33(3):279–285.

240. Perez-Simon JA, Diez-Campelo M, Martino R, Sureda A, Caballero D, Canizo C et
al. Impact of CD34+ cell dose on the outcome of patients undergoing reduced
intensity conditioning allogeneic peripheral blood stem cell transplantation. Blood.
2003;102(3):1108–1113.

241. Maffini E, Labopin M, Blaise D, Ciceri F, Gülbas Z, Deconinck E et al. CD34+ cell
dose effects on clinical outcomes after T-cell replete haploidentical allogeneic
hematopoietic stem cell transplantation for acute myeloid leukemia using
peripheral blood stem cells. A study from the acute leukemia working Party of the
European Society for blood and marrow transplantation (EBMT). Am J Hematol.
2020;95(8):892–899.

114

https://pubmed.ncbi.nlm.nih.gov/?term=Zahurak+M&cauthor_id=29242852
https://pubmed.ncbi.nlm.nih.gov/?term=Rosner+GL&cauthor_id=29242852
https://pubmed.ncbi.nlm.nih.gov/?term=Bola%C3%B1os-Meade+J&cauthor_id=29242852
https://pubmed.ncbi.nlm.nih.gov/?term=Afanasyev+B&cauthor_id=29544522
https://pubmed.ncbi.nlm.nih.gov/?term=Cornelissen+JJ&cauthor_id=29544522
https://pubmed.ncbi.nlm.nih.gov/?term=Elmaagacli+A&cauthor_id=29544522
https://pubmed.ncbi.nlm.nih.gov/?term=Jimenez+Jimenez+A&cauthor_id=35793451
https://pubmed.ncbi.nlm.nih.gov/?term=Komanduri+K&cauthor_id=35793451
https://pubmed.ncbi.nlm.nih.gov/?term=Brown+S&cauthor_id=35793451
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+T&cauthor_id=35793451
https://pubmed.ncbi.nlm.nih.gov/?term=Pereira+D&cauthor_id=35793451
https://pubmed.ncbi.nlm.nih.gov/?term=Goodman+M&cauthor_id=35793451
https://scholar.google.es/citations?user=54CXZZYAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=ir-XZ4EAAAAJ&hl=en&oi=sra
https://scholar.google.es/citations?user=qbCjdd8AAAAJ&hl=en&oi=sra
https://pubmed.ncbi.nlm.nih.gov/?term=Logan+BR&cauthor_id=33905264
https://pubmed.ncbi.nlm.nih.gov/?term=Khimani+F&cauthor_id=33905264
https://pubmed.ncbi.nlm.nih.gov/?term=Shaffer+BC&cauthor_id=33905264
https://pubmed.ncbi.nlm.nih.gov/?term=Nishihori+T&cauthor_id=33658647
https://pubmed.ncbi.nlm.nih.gov/?term=Mishra+A&cauthor_id=33658647
https://pubmed.ncbi.nlm.nih.gov/?term=Perez+L&cauthor_id=33658647
https://pubmed.ncbi.nlm.nih.gov/?term=Laport+GG&cauthor_id=15730851
https://pubmed.ncbi.nlm.nih.gov/?term=Stockerl-Goldstein+KE&cauthor_id=15730851
https://pubmed.ncbi.nlm.nih.gov/?term=Johnston+LJ&cauthor_id=15730851
https://pubmed.ncbi.nlm.nih.gov/?term=Sureda+A&cauthor_id=12649159
https://pubmed.ncbi.nlm.nih.gov/?term=Caballero+D&cauthor_id=12649159
https://pubmed.ncbi.nlm.nih.gov/?term=Canizo+C&cauthor_id=12649159
https://pubmed.ncbi.nlm.nih.gov/?term=Ciceri+F&cauthor_id=32303111
https://pubmed.ncbi.nlm.nih.gov/?term=G%C3%BClbas+Z&cauthor_id=32303111
https://pubmed.ncbi.nlm.nih.gov/?term=Deconinck+E&cauthor_id=32303111


242. Salas MQ, Atenauf EG, Baustia MR,  Prem S, Lam W, Datt Law A et al. Impact of
CD34+ cell dose on reduced intensity conditioning regimen haploidentical
hematopoietic stem cell transplantation. Eur J Haematol. 2020;104(1):36–45.

243. Escribano-Serrat S, Rodríguez-Lobato LG, Charry P, Martínez-Cibrian N, Suárez-
Lledó M, Rivero A et al. Endothelial Activation and Stress Index in adults
undergoing allogeneic hematopoietic cell transplantation with post-transplant
cyclophosphamide-based prophylaxis. Cytotherapy. 2024;26(1):73-80.

244. Giaccone L, Faraci LG, Butera S, Lia G, Di Vito C, Gabrielli G et al. Biomarkers for
acute and chronic graft versus host disease: state of the art. Expert Rev
Hematol. 2021;14(1):79-96.

245. Palomo M, Diaz-Ricart M, Carbo C, Rovira M, Fernandez-Aviles F, Escolar G et al.
The Release of Soluble Factors Contributing to Endothelial Activation and Damage
after Hematopoietic Stem Cell Transplantation Is Not Limited to the Allogeneic
Setting and Involves Several Pathogenic Mechanisms.Biol Blood Marrow
Transplant. 2009;15(5):537–546.

246. Leonhardt F, Grundmann S, Behe M, Bluhm F, Dumont RA, Braun F et al.
Inflammatory neovascularization during graft-versus-host disease is regulated by
avintegrinand miR-100. Blood. 2013;121(17):3307–3318.

247. Martinez-Sanchez J, Palomo M, Pedraza A, Moreno-Castaño AB, Torramade-
Moix S, Rovira M et al. Differential protein expression in endothelial cells exposed
to serum from patients with acute graft-vs-host disease, depending on steroid
response. J Cell Mol Med. 2023;27(9):1227–1238.

248. Vander Lugt MT, Braun TM, Hanash S, Ritz J, Ho V, Antin J et al. ST2 as a marker
for risk of therapy-resistant graft-versus-host disease and death. N Eng J Med.
2013;369(6):529–539.

249. Tatekawa S, Kohno A, Ozeki K, Watamoto K, Ueda N, Yamaguchi Y et al. A novel
diagnostic and prognostic biomarker panel for endothelial cell damage related
complications in allogeneic transplantation. Biol Blood Marrow Transplant. 2016;
22(9):1573–1581.

250. Biedermann BC, Tsakiris DA, Gregor M, Pober JS and Gratwohl A. Combining
altered levels of effector transcripts in circulating T cells with a marker of
endothelial injury is specific for active graft-versus-host disease. Bone Marrow
Transplant. 2003;32(11):1077–1084.

251. Dietrich S, Falk CS, Benner A, Karamustafa S, Hahn E, Andrulis M et al.
Endothelial vulnerability and endothelial damage are associated with risk of graft-
versus-host disease and response to steroid treatment. Biol Blood Marrow
Transplant. 2013;19(1):22–27.

252. Rachakonda SP, Penack O, Dietrich S, Blau O, Blau IW, Radujkovic A et al. Single-
Nucleotide Polymorphisms With in the Thrombomodulin Gene (THBD) Predict
Mortality in Patients With Graft-Versus-Host Disease. J Clin Oncol. 2014;
32(30):3421–3427.

115

https://pubmed.ncbi.nlm.nih.gov/?term=Prem+S&cauthor_id=31549435
https://pubmed.ncbi.nlm.nih.gov/?term=Lam+W&cauthor_id=31549435
https://pubmed.ncbi.nlm.nih.gov/?term=Datt+Law+A&cauthor_id=31549435
https://pubmed.ncbi.nlm.nih.gov/?term=Mart%C3%ADnez-Cibrian+N&cauthor_id=37952139
https://pubmed.ncbi.nlm.nih.gov/?term=Su%C3%A1rez-Lled%C3%B3+M&cauthor_id=37952139
https://pubmed.ncbi.nlm.nih.gov/?term=Su%C3%A1rez-Lled%C3%B3+M&cauthor_id=37952139
https://pubmed.ncbi.nlm.nih.gov/?term=Rivero+A&cauthor_id=37952139
https://pubmed.ncbi.nlm.nih.gov/37952139/
https://pubmed.ncbi.nlm.nih.gov/37952139/
https://pubmed.ncbi.nlm.nih.gov/37952139/
https://pubmed.ncbi.nlm.nih.gov/?term=Giaccone+L&cauthor_id=33297779
https://pubmed.ncbi.nlm.nih.gov/?term=Faraci+DG&cauthor_id=33297779
https://pubmed.ncbi.nlm.nih.gov/?term=Butera+S&cauthor_id=33297779
https://pubmed.ncbi.nlm.nih.gov/?term=Lia+G&cauthor_id=33297779
https://pubmed.ncbi.nlm.nih.gov/?term=Di+Vito+C&cauthor_id=33297779
https://pubmed.ncbi.nlm.nih.gov/?term=Gabrielli+G&cauthor_id=33297779
https://pubmed.ncbi.nlm.nih.gov/?term=Rovira+M&cauthor_id=19361745
https://pubmed.ncbi.nlm.nih.gov/?term=Fernandez-Aviles+F&cauthor_id=19361745
https://pubmed.ncbi.nlm.nih.gov/?term=Escolar+G&cauthor_id=19361745
https://pubmed.ncbi.nlm.nih.gov/?term=Bluhm+F&cauthor_id=23327924
https://pubmed.ncbi.nlm.nih.gov/?term=Dumont+RA&cauthor_id=23327924
https://pubmed.ncbi.nlm.nih.gov/?term=Braun+F&cauthor_id=23327924
https://pubmed.ncbi.nlm.nih.gov/?term=Moreno-Casta%C3%B1o+AB&cauthor_id=37016544
https://pubmed.ncbi.nlm.nih.gov/?term=Torramade-Moix+S&cauthor_id=37016544
https://pubmed.ncbi.nlm.nih.gov/?term=Torramade-Moix+S&cauthor_id=37016544
https://pubmed.ncbi.nlm.nih.gov/?term=Rovira+M&cauthor_id=37016544
https://pubmed.ncbi.nlm.nih.gov/?term=Ritz+J&cauthor_id=23924003
https://pubmed.ncbi.nlm.nih.gov/?term=Ho+VT&cauthor_id=23924003
https://pubmed.ncbi.nlm.nih.gov/?term=Antin+JH&cauthor_id=23924003
https://pubmed.ncbi.nlm.nih.gov/?term=Watamoto+K&cauthor_id=27246373
https://pubmed.ncbi.nlm.nih.gov/?term=Ueda+N&cauthor_id=27246373
https://pubmed.ncbi.nlm.nih.gov/?term=Yamaguchi+Y&cauthor_id=27246373
https://pubmed.ncbi.nlm.nih.gov/?term=Pober+JS&cauthor_id=14625579
https://pubmed.ncbi.nlm.nih.gov/?term=Gratwohl+A&cauthor_id=14625579
https://pubmed.ncbi.nlm.nih.gov/?term=Karamustafa+S&cauthor_id=23041600
https://pubmed.ncbi.nlm.nih.gov/?term=Hahn+E&cauthor_id=23041600
https://pubmed.ncbi.nlm.nih.gov/?term=Andrulis+M&cauthor_id=23041600
https://pubmed.ncbi.nlm.nih.gov/?term=Blau+O&cauthor_id=25225421
https://pubmed.ncbi.nlm.nih.gov/?term=Blau+IW&cauthor_id=25225421
https://pubmed.ncbi.nlm.nih.gov/?term=Radujkovic+A&cauthor_id=25225421


253. Nawas MT, Sanchez-Escamilla M, Devlin SM, Maloy MA, Ruiz JD, Sauter CS et
al.Dynamic EASIX scores closely predict non relapse mortality after allogeneic
hematopoietic cell transplantation. Blood Adv. 2022;6(22):5898–5907.

254. Mariotti J, Magri F, Giordano L, De Philippis C, Sarina B, Mannina D et al. EASIX
predicts non-relapse mortality after haploidentical transplantation with post-
transplant cyclophosphamide. Bone Marrow Transplant. 2023;58(3):247–256.

255. Sanchez-Escamilla M, Flynn J, Devlin S, Maloy M, Fatmi SA, Alarcon Tomas A et
al. EASIX score predicts inferior survival after allogeneic hematopoietic cell
transplantation. Bone Marrow Transplant. 2023;58(5):498–505.

256. Hildebrandt G and Chao N. Endothelial cell function and endothelial related
disorders following haematopoietic cell transplantation. Br J Haematol. 2020;
190(4):508–519.

257. Salas MQ, Charry P, Pedraza A, Martínez-Cibrian N, Solano MT, Domènech A et
al. PTCY and Tacrolimus for GVHD Prevention for Older Adults Undergoing HLA-
Matched Sibling and Unrelated Donor AlloHCT. Transplant Cell Ther. 2022;
28(8):489.e1-489.e9

258. Salas MQ, Charry P, Puerta-Alcalde P, Martínez-Cibrian N, Solano
MT, Serrahima A et al. Bacterial Bloodstream Infections in Patients Undergoing
Allogeneic Hematopoietic Cell Transplantation with Post-Transplantation
Cyclophosphamide. Transplant Cell Ther. 2022;28(12):850.e1-850.e10.

259. Pérez-Valencia AI, Cascos E, Carbonell-Ordeig S, Charry P, Gómez-Hernando
M, Rodríguez-Lobato LG et al. Incidence, risk factors, and impact of early cardiac
toxicity after allogeneic hematopoietic cell transplant. Blood Adv. 2023;
7(10):2018-2031.

260. Marco DN, Salas MQ, Gutiérrez-García G, Monge I, Riu G, Carcelero E et al.
Impact of Early Intrapatient Variability of Tacrolimus Concentrations on the Risk of
Graft-Versus-Host Disease after Allogeneic Stem Cell Transplantation Using High-
Dose Post-Transplant Cyclophosphamide. Pharmaceuticals (Basel). 2022;
15(12):1529.

261. Marco DN, Molina M, Guio AM, Gutiérrez-García G, Monge I, Riu G et al. Effects
of CYP3A5 genotype on tacrolimus pharmacokinetics and graft-versus-host disease
incidence in allogeneic hematopoietic stem cell transplantation. Enviado a publicar
y pendiente de revisión

262. Escribano-Serrat S, Rodríguez-Lobato L.G, Suárez-Lledó M, Pedraza A, Charry
P, Cid J et al. Improving the EASIX predictive power for NRM in adults undergoing
allogeneic hematopoietic cell transplantation. Bone Marrow Transplant. 2024. doi:
10.1038/s41409-024-02267-6. Online ahead of print.

263. Tolosa-Ridao C, Cascos E, Rodríguez-Lobato LG, Pedraza A, Suárez-Lledó
A, Charry P et al. EASIX and cardiac adverse events after allogeneic hematopoietic
cell transplantation. Bone Marrow Transplant. 2024. doi: 10.1038/s41409-024-
02270-x. Online ahead of print.

116

https://pubmed.ncbi.nlm.nih.gov/?term=Maloy+MA&cauthor_id=35977079
https://pubmed.ncbi.nlm.nih.gov/?term=Ruiz+JD&cauthor_id=35977079
https://pubmed.ncbi.nlm.nih.gov/?term=Sauter+CS&cauthor_id=35977079
https://pubmed.ncbi.nlm.nih.gov/?term=De+Philippis+C&cauthor_id=36414698
https://pubmed.ncbi.nlm.nih.gov/?term=Sarina+B&cauthor_id=36414698
https://pubmed.ncbi.nlm.nih.gov/?term=Mannina+D&cauthor_id=36414698
https://pubmed.ncbi.nlm.nih.gov/?term=Maloy+M&cauthor_id=36721042
https://pubmed.ncbi.nlm.nih.gov/?term=Fatmi+SA&cauthor_id=36721042
https://pubmed.ncbi.nlm.nih.gov/?term=Tomas+AA&cauthor_id=36721042
https://pubmed.ncbi.nlm.nih.gov/?term=Mart%C3%ADnez-Cibrian+N&cauthor_id=35577323
https://pubmed.ncbi.nlm.nih.gov/?term=Solano+MT&cauthor_id=35577323
https://pubmed.ncbi.nlm.nih.gov/?term=Dom%C3%A8nech+A&cauthor_id=35577323
https://pubmed.ncbi.nlm.nih.gov/35577323/
https://pubmed.ncbi.nlm.nih.gov/35577323/
https://pubmed.ncbi.nlm.nih.gov/?term=Mart%C3%ADnez-Cibrian+N&cauthor_id=36089250
https://pubmed.ncbi.nlm.nih.gov/?term=Solano+MT&cauthor_id=36089250
https://pubmed.ncbi.nlm.nih.gov/?term=Serrahima+A&cauthor_id=36089250
https://pubmed.ncbi.nlm.nih.gov/?term=Charry+P&cauthor_id=36453637
https://pubmed.ncbi.nlm.nih.gov/?term=G%C3%B3mez-Hernando+M&cauthor_id=36453637
https://pubmed.ncbi.nlm.nih.gov/?term=Rodr%C3%ADguez-Lobato+LG&cauthor_id=36453637
https://pubmed.ncbi.nlm.nih.gov/36453637/
https://pubmed.ncbi.nlm.nih.gov/36453637/
https://pubmed.ncbi.nlm.nih.gov/?term=Monge+I&cauthor_id=36558980
https://pubmed.ncbi.nlm.nih.gov/?term=Riu+G&cauthor_id=36558980
https://pubmed.ncbi.nlm.nih.gov/?term=Carcelero+E&cauthor_id=36558980
https://pubmed.ncbi.nlm.nih.gov/?term=Monge+I&cauthor_id=36558980
https://pubmed.ncbi.nlm.nih.gov/?term=Riu+G&cauthor_id=36558980
https://pubmed.ncbi.nlm.nih.gov/?term=Pedraza+A&cauthor_id=38521886
https://pubmed.ncbi.nlm.nih.gov/?term=Charry+P&cauthor_id=38521886
https://pubmed.ncbi.nlm.nih.gov/?term=Cid+J&cauthor_id=38521886
https://pubmed.ncbi.nlm.nih.gov/?term=Pedraza+A&cauthor_id=38521885
https://pubmed.ncbi.nlm.nih.gov/?term=Su%C3%A1rez-Lled%C3%B3+M&cauthor_id=38521885
https://pubmed.ncbi.nlm.nih.gov/?term=Charry+P&cauthor_id=38521885

	APN_CUBIERTA
	TESI_FINAL_FINAL
	2c1e9b2dbb274e85c0433d47c50d4900fe567f05c03be68c2aab852ea5caaa17.pdf
	c8e02dfe905a985535f78ef87633400152899813e60ae506e46cca0aaad330ca.pdf
	db287d643c7e3687f10ab6a478846212679a91053367f1c6ea9036a68ae819dd.pdf
	6f2f3b5c4dc22d62052ba51436f655c46fdb2b2c849c10e4c1e7f523c124460b.pdf
	197b8043094ce9a0911c2e8f8e0a114495b6954fc492be742cf938762f4619e4.pdf
	debcbe93d94c517a8d1eca4a59961ad85ce478e48b0b6033bbf112a172ac01d3.pdf
	e3854f358a54655d29d18065ef5dc2600959c492a091a5608ab5dc1a01f873aa.pdf
	d8afb311a2702e6a678ac46ed1107dbf19061d642700e4b8d3944929dfb7fda2.pdf
	High-Dose Cyclophosphamide and Tacrolimus as Graft-versus-Host Disease Prophylaxis for Matched and Mismatched Unrelated Donor Transplantation
	High-Dose Cyclophosphamide and Tacrolimus as Graft-versus-Host Disease Prophylaxis for Matched and Mismatched Unrelated Donor Transplantation
	MATERIALS AND METHODS
	Patients and Donors
	Treatment Protocol and Supportive Care
	Definitions
	Statistical Analysis

	RESULTS
	Patient, Transplants, and Graft Characteristics
	Engraftment and Chimerism
	Immune Reconstitution
	aGVHD and cGVHD
	NRM, Cause of Death, Toxicity, and Relapse
	Survival

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


	5e61cfe51bc27bf49df6df96b93481bfe57b60513a1d16b8dee0c0d6b4418299.pdf

	Effect of CD34+ Cell Dose on the Outcomes of Allogeneic Stem Cell Transplantation with Post-Transplantation Cyclophosphamide
	Effect of CD34+ Cell Dose on the Outcomes of Allogeneic Stem Cell Transplantation with Post-Transplantation Cyclophosphamide
	INTRODUCTION
	METHODS
	Patients and Donors
	Graft Information
	Conditioning Regimen, GVHD Prophylaxis, and Supportive Care
	Definitions
	Statistical Analysis

	RESULTS
	Patient and Donor Characteristics
	Engraftment and Immune Reconstitution
	GVHD
	NRM, Relapse, and Infections
	OS and RFS

	DISCUSSION
	ACKNOWLEDGMENTS
	Supplementary materials
	REFERENCES



	d8afb311a2702e6a678ac46ed1107dbf19061d642700e4b8d3944929dfb7fda2.pdf

	Easix Score Correlates With Endothelial Dysfunction Biomarkers and Predicts Risk of Acute Graft-Versus-Host Disease After Allogeneic Transplantation
	Easix Score Correlates With Endothelial Dysfunction Biomarkers and Predicts Risk of Acute Graft-Versus-Host Disease After Allogeneic Transplantation
	METHODS
	Study Design
	Patients and Allo-HSCT Procedure
	Plasma Biomarker Assessment
	EASIX Score Assessment
	Statistical Methods

	RESULTS
	Patient, Transplant Characteristics, and Outcomes
	Association Between Plasma Biomarkers, the EASIX Score, and the Development of Acute GVHD in the Experimental Cohort
	EASIX Dynamics and Log2-EASIX Cutoff Applicability in the Validation Cohort

	DISCUSSION
	Disclosure of conflicts of interest
	Acknowledgments
	Authorship contributions

	REFERENCES


	e3854f358a54655d29d18065ef5dc2600959c492a091a5608ab5dc1a01f873aa.pdf
	a2c1af76de82a7cf569754583b3a87f190d0da4d17ec9b244166220511b7be59.pdf
	e3854f358a54655d29d18065ef5dc2600959c492a091a5608ab5dc1a01f873aa.pdf

	debcbe93d94c517a8d1eca4a59961ad85ce478e48b0b6033bbf112a172ac01d3.pdf
	e3854f358a54655d29d18065ef5dc2600959c492a091a5608ab5dc1a01f873aa.pdf
	d8afb311a2702e6a678ac46ed1107dbf19061d642700e4b8d3944929dfb7fda2.pdf
	High-Dose Cyclophosphamide and Tacrolimus as Graft-versus-Host Disease Prophylaxis for Matched and Mismatched Unrelated Donor Transplantation
	High-Dose Cyclophosphamide and Tacrolimus as Graft-versus-Host Disease Prophylaxis for Matched and Mismatched Unrelated Donor Transplantation
	MATERIALS AND METHODS
	Patients and Donors
	Treatment Protocol and Supportive Care
	Definitions
	Statistical Analysis

	RESULTS
	Patient, Transplants, and Graft Characteristics
	Engraftment and Chimerism
	Immune Reconstitution
	aGVHD and cGVHD
	NRM, Cause of Death, Toxicity, and Relapse
	Survival

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


	5e61cfe51bc27bf49df6df96b93481bfe57b60513a1d16b8dee0c0d6b4418299.pdf

	Effect of CD34+ Cell Dose on the Outcomes of Allogeneic Stem Cell Transplantation with Post-Transplantation Cyclophosphamide
	Effect of CD34+ Cell Dose on the Outcomes of Allogeneic Stem Cell Transplantation with Post-Transplantation Cyclophosphamide
	INTRODUCTION
	METHODS
	Patients and Donors
	Graft Information
	Conditioning Regimen, GVHD Prophylaxis, and Supportive Care
	Definitions
	Statistical Analysis

	RESULTS
	Patient and Donor Characteristics
	Engraftment and Immune Reconstitution
	GVHD
	NRM, Relapse, and Infections
	OS and RFS

	DISCUSSION
	ACKNOWLEDGMENTS
	Supplementary materials
	REFERENCES



	d8afb311a2702e6a678ac46ed1107dbf19061d642700e4b8d3944929dfb7fda2.pdf

	Easix Score Correlates With Endothelial Dysfunction Biomarkers and Predicts Risk of Acute Graft-Versus-Host Disease After Allogeneic Transplantation
	Easix Score Correlates With Endothelial Dysfunction Biomarkers and Predicts Risk of Acute Graft-Versus-Host Disease After Allogeneic Transplantation
	METHODS
	Study Design
	Patients and Allo-HSCT Procedure
	Plasma Biomarker Assessment
	EASIX Score Assessment
	Statistical Methods

	RESULTS
	Patient, Transplant Characteristics, and Outcomes
	Association Between Plasma Biomarkers, the EASIX Score, and the Development of Acute GVHD in the Experimental Cohort
	EASIX Dynamics and Log2-EASIX Cutoff Applicability in the Validation Cohort

	DISCUSSION
	Disclosure of conflicts of interest
	Acknowledgments
	Authorship contributions

	REFERENCES


	e3854f358a54655d29d18065ef5dc2600959c492a091a5608ab5dc1a01f873aa.pdf
	a2c1af76de82a7cf569754583b3a87f190d0da4d17ec9b244166220511b7be59.pdf
	e3854f358a54655d29d18065ef5dc2600959c492a091a5608ab5dc1a01f873aa.pdf



	7aecc8e17492adff33e9dd878c1c1c17442c15fe58273cb2e8ee65dcc30bd714.pdf
	6f2f3b5c4dc22d62052ba51436f655c46fdb2b2c849c10e4c1e7f523c124460b.pdf
	197b8043094ce9a0911c2e8f8e0a114495b6954fc492be742cf938762f4619e4.pdf
	debcbe93d94c517a8d1eca4a59961ad85ce478e48b0b6033bbf112a172ac01d3.pdf
	e3854f358a54655d29d18065ef5dc2600959c492a091a5608ab5dc1a01f873aa.pdf
	d8afb311a2702e6a678ac46ed1107dbf19061d642700e4b8d3944929dfb7fda2.pdf
	High-Dose Cyclophosphamide and Tacrolimus as Graft-versus-Host Disease Prophylaxis for Matched and Mismatched Unrelated Donor Transplantation
	High-Dose Cyclophosphamide and Tacrolimus as Graft-versus-Host Disease Prophylaxis for Matched and Mismatched Unrelated Donor Transplantation
	MATERIALS AND METHODS
	Patients and Donors
	Treatment Protocol and Supportive Care
	Definitions
	Statistical Analysis

	RESULTS
	Patient, Transplants, and Graft Characteristics
	Engraftment and Chimerism
	Immune Reconstitution
	aGVHD and cGVHD
	NRM, Cause of Death, Toxicity, and Relapse
	Survival

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


	5e61cfe51bc27bf49df6df96b93481bfe57b60513a1d16b8dee0c0d6b4418299.pdf

	Effect of CD34+ Cell Dose on the Outcomes of Allogeneic Stem Cell Transplantation with Post-Transplantation Cyclophosphamide
	Effect of CD34+ Cell Dose on the Outcomes of Allogeneic Stem Cell Transplantation with Post-Transplantation Cyclophosphamide
	INTRODUCTION
	METHODS
	Patients and Donors
	Graft Information
	Conditioning Regimen, GVHD Prophylaxis, and Supportive Care
	Definitions
	Statistical Analysis

	RESULTS
	Patient and Donor Characteristics
	Engraftment and Immune Reconstitution
	GVHD
	NRM, Relapse, and Infections
	OS and RFS

	DISCUSSION
	ACKNOWLEDGMENTS
	Supplementary materials
	REFERENCES



	d8afb311a2702e6a678ac46ed1107dbf19061d642700e4b8d3944929dfb7fda2.pdf

	Easix Score Correlates With Endothelial Dysfunction Biomarkers and Predicts Risk of Acute Graft-Versus-Host Disease After Allogeneic Transplantation
	Easix Score Correlates With Endothelial Dysfunction Biomarkers and Predicts Risk of Acute Graft-Versus-Host Disease After Allogeneic Transplantation
	METHODS
	Study Design
	Patients and Allo-HSCT Procedure
	Plasma Biomarker Assessment
	EASIX Score Assessment
	Statistical Methods

	RESULTS
	Patient, Transplant Characteristics, and Outcomes
	Association Between Plasma Biomarkers, the EASIX Score, and the Development of Acute GVHD in the Experimental Cohort
	EASIX Dynamics and Log2-EASIX Cutoff Applicability in the Validation Cohort

	DISCUSSION
	Disclosure of conflicts of interest
	Acknowledgments
	Authorship contributions

	REFERENCES


	e3854f358a54655d29d18065ef5dc2600959c492a091a5608ab5dc1a01f873aa.pdf
	a2c1af76de82a7cf569754583b3a87f190d0da4d17ec9b244166220511b7be59.pdf
	e3854f358a54655d29d18065ef5dc2600959c492a091a5608ab5dc1a01f873aa.pdf

	debcbe93d94c517a8d1eca4a59961ad85ce478e48b0b6033bbf112a172ac01d3.pdf
	e3854f358a54655d29d18065ef5dc2600959c492a091a5608ab5dc1a01f873aa.pdf
	d8afb311a2702e6a678ac46ed1107dbf19061d642700e4b8d3944929dfb7fda2.pdf
	High-Dose Cyclophosphamide and Tacrolimus as Graft-versus-Host Disease Prophylaxis for Matched and Mismatched Unrelated Donor Transplantation
	High-Dose Cyclophosphamide and Tacrolimus as Graft-versus-Host Disease Prophylaxis for Matched and Mismatched Unrelated Donor Transplantation
	MATERIALS AND METHODS
	Patients and Donors
	Treatment Protocol and Supportive Care
	Definitions
	Statistical Analysis

	RESULTS
	Patient, Transplants, and Graft Characteristics
	Engraftment and Chimerism
	Immune Reconstitution
	aGVHD and cGVHD
	NRM, Cause of Death, Toxicity, and Relapse
	Survival

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


	5e61cfe51bc27bf49df6df96b93481bfe57b60513a1d16b8dee0c0d6b4418299.pdf

	Effect of CD34+ Cell Dose on the Outcomes of Allogeneic Stem Cell Transplantation with Post-Transplantation Cyclophosphamide
	Effect of CD34+ Cell Dose on the Outcomes of Allogeneic Stem Cell Transplantation with Post-Transplantation Cyclophosphamide
	INTRODUCTION
	METHODS
	Patients and Donors
	Graft Information
	Conditioning Regimen, GVHD Prophylaxis, and Supportive Care
	Definitions
	Statistical Analysis

	RESULTS
	Patient and Donor Characteristics
	Engraftment and Immune Reconstitution
	GVHD
	NRM, Relapse, and Infections
	OS and RFS

	DISCUSSION
	ACKNOWLEDGMENTS
	Supplementary materials
	REFERENCES



	d8afb311a2702e6a678ac46ed1107dbf19061d642700e4b8d3944929dfb7fda2.pdf

	Easix Score Correlates With Endothelial Dysfunction Biomarkers and Predicts Risk of Acute Graft-Versus-Host Disease After Allogeneic Transplantation
	Easix Score Correlates With Endothelial Dysfunction Biomarkers and Predicts Risk of Acute Graft-Versus-Host Disease After Allogeneic Transplantation
	METHODS
	Study Design
	Patients and Allo-HSCT Procedure
	Plasma Biomarker Assessment
	EASIX Score Assessment
	Statistical Methods

	RESULTS
	Patient, Transplant Characteristics, and Outcomes
	Association Between Plasma Biomarkers, the EASIX Score, and the Development of Acute GVHD in the Experimental Cohort
	EASIX Dynamics and Log2-EASIX Cutoff Applicability in the Validation Cohort

	DISCUSSION
	Disclosure of conflicts of interest
	Acknowledgments
	Authorship contributions

	REFERENCES


	e3854f358a54655d29d18065ef5dc2600959c492a091a5608ab5dc1a01f873aa.pdf
	a2c1af76de82a7cf569754583b3a87f190d0da4d17ec9b244166220511b7be59.pdf
	e3854f358a54655d29d18065ef5dc2600959c492a091a5608ab5dc1a01f873aa.pdf




	1554fc97b7d56d531bb4b06c556e317b9ba546352fbd65b2f7e771a5d4bc04b0.pdf
	15e0b723330403b7c26094971d23b17e066bd3373629c5202636b2793640699e.pdf
	1216ec83a731472ae5fd5dca3e05136b63a3867de056d508d6d146b00ab1c940.pdf





