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. RESUMEN/ABSTRACT /RESUM

1. RESUMEN

El cancer de endometrio es la neoplasia mas frecuente del tracto genital inferior, y su
incidencia y mortalidad estan en aumento. El tratamiento del cancer de endometrio en
estadios iniciales es principalmente quirdrgico, y se basa en la realizacion de una
histerectomia total con doble anexectomia, asi como una estadificacion quirdrgica que
incluye la evaluacién del estado ganglionar, y que puede realizarse mediante biopsia
selectiva de ganglio centinela (BSGC) unicamente o asociada a linfadenectomia pélvica
y aortica, en funcion de los factores de riesgo prequirurgicos. Estos factores de riesgo
(histologia y grado en la biopsia de endometrio y estadio por imagen) presentan
limitaciones a la hora de predecir preoperatoriamente la afectacion ganglionar y
extrauterina, con variaciones en la tasa de afectacion ganglionar que oscilan de 1% a
15% en tumores de bajo riesgo, y de 15% a 40% en tumores de alto riesgo, lo que
conlleva un infra o sobretratamiento en un nimero no despreciable de pacientes.

La clasificacion molecular del cancer de endometrio ha emergido en los ultimos diez
aflos como una importante herramienta para clasificar a las pacientes, con una
excelente correlacion diagnostica entre patélogos en la biopsia de endometrio y entre
ésta y la pieza de histerectomia. Los tumores se pueden clasificar en cuatro grupos:
tumores POLE mutados (POLEmut), mismatch repair deficient (MMRd), p53 abnormal
(p53abn) y no specific molecular profile (NSMP). El impacto pronéstico independiente
del perfil molecular ha sido ampliamente demostrado a lo largo de los afios y por
multiples cohortes. Sin embargo, su capacidad para predecir preoperatoriamente la
afectacion ganglionar y extrauterina es desconocida.

Por otro lado, una vez realizada la cirugia, la clasificacion de riesgo postoperatoria que
establece el tratamiento adyuvante y el tipo de seguimiento presenta también
limitaciones en la prediccidon de recidiva: hasta un 15% de pacientes consideradas de
bajo riesgo presentaran una recidiva, y, por el contrario, 40-50% de las pacientes
consideradas de alto riesgo no presentaran nunca una recidiva de su enfermedad. Esta
clasificacion se basaba, hasta el afo 2021, en factores clasicos como la histologia, el
estadio FIGO postoperatorio y la invasion linfovascular (ILV). El rol del perfil molecular
en la prediccion del patron de recidiva todavia no ha sido explorado. Por ultimo, se
desconoce también el impacto prondstico que tiene el perfil molecular en la evolucion

de las pacientes tras presentar una recidiva.
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El primer objetivo del presente proyecto de tesis doctoral fue el de establecer la tasa de
afectacion ganglionar en funciéon de los cuatro grupos moleculares realizando una
revision sistematica de la literatura y un metaanalisis. En segundo lugar, quisimos
evaluar la capacidad del perfil molecular para predecir preoperatoriamente la afectacion
ganglionar y extrauterina mediante el estudio de una cohorte de 658 pacientes afectas
de cancer de endometrio en nuestro centro sometidas a cirugia primaria y con perfil
molecular realizado retrospectivamente sobre tejido tumoral. El tercer objetivo de esta
tesis fue evaluar la capacidad del perfil molecular para predecir el patron de recidiva en
esta misma cohorte de pacientes. Nuestro ultimo objetivo fue analizar las caracteristicas
prondsticas tras la recidiva asociadas al perfil molecular en una cohorte de 64 pacientes
diagnosticadas con una primera recidiva a distancia en el pulmon.

Creemos que los resultados de esta tesis pueden aportar importante informacion
respecto al papel del perfil molecular en el escenario diagndstico y preoperatorio, asi

como en el momento del seguimiento y la recidiva.
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2. ABSTRACT

Endometrial cancer is the most common malignancy of the low genital tract, with
increasing incidence and mortality rates. Staging and treatment of apparent early-stage
endometrial cancer are primarily surgical and involve performing a total hysterectomy
with bilateral salpingo-oophorectomy, as well as lymph node staging that can be carried
out through sentinel lymph node biopsy (SLNB) alone or combined with pelvic and aortic
lymphadenectomy, depending on preoperative risk factors. These risk factors (histology
and grade on endometrial biopsy and preoperative imaging stage) have shown
limitations in predicting preoperatively lymph node and extrauterine involvement, with
lymph node involvement rates ranging from 1% to 15% in low-risk tumors and from 15%
to 40% in high-risk tumors, leading to under- or overtreatment in a significant number of
patients.

Molecular classification of endometrial cancer has emerged over the past ten years as
an important tool for patient stratification, with excellent diagnostic correlation between
pathologists in endometrial biopsy and between biopsy and hysterectomy specimens.
Tumors can be classified into four groups: POLE-mutated (POLEmut), mismatch repair
deficient (MMRd), p53 abnormal (p53abn), and no specific molecular profile (NSMP).
The independent prognostic impact of the molecular profile has been widely
demonstrated over the years and by multiple cohorts. However, its ability to
preoperatively predict lymph node and extrauterine involvement is unknown.

The postoperative risk classification that determines adjuvant treatment and type of
follow-up also has limitations in predicting recurrence: up to 15% of patients considered
low-risk will experience a recurrence, while 40-50% of those considered high-risk will
never have a recurrence. This classification was based until 2021 on traditional factors
such as histology, postoperative FIGO stage, and lymph vascular invasion (LVI). The
role of the molecular profile in this scenario has not been previously analyzed. Finally,
the prognostic impact of the molecular profile after recurrence is also unknown.

The first objective of this doctoral thesis was to establish the rate of lymph node
involvement based on the four molecular groups by conducting a systematic literature
review and meta-analysis. Secondly, we aimed to evaluate the ability of the molecular
profile to preoperatively predict lymph node and extrauterine involvement by analyzing a
cohort of 658 patients with endometrial cancer at our center who underwent primary
surgery and had their molecular profile retrospectively assessed on tumor tissue. The
third objective of this thesis was to evaluate the ability of the molecular profile to predict

the pattern of recurrence in the same cohort of patients. Our final objective was to

14



analyze the prognostic characteristics after recurrence of the molecular profile in a cohort
of 64 patients diagnosed with a first distant recurrence in the lung.

We believe the results of this thesis can provide important information regarding the role
of the molecular profile in the diagnostic and preoperative setting, as well as during

follow-up and recurrence.
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3. RESUM

El cancer d’endometri és la neoplasia més frequent del tracte genital inferior, i la seva
incidéncia i mortalitat estan en augment. El tractament del cancer d’endometri en estadis
inicials és principalment quirurgic, i es basa en la realitzacié de una histerectomia total
amb doble annexectomia, aixi com una estadificacié ganglionar que pot realitzar-se
mitjangant una bidpsia selectiva del gangli sentinella (BSGS) unicament o associada a
linfadenectomia pélvica i adrtica, depenent dels factors de risc prequirurgics. Els factors
de risc (histologia i grau a la biopsia d’endometri i estadi per imatge) presenten
limitacions a I'hora de predir prequirdrgicament I'afectacié ganglionar i extrauterina, amb
variacions en la taxa d’afectacio ganglionar que oscil-len del 1% al 15% en tumors de
baix risc, i de 15% a 40% en tumors d’alt risc, fet que comporta un infra o
sobretractament en una quantitat no despreciable de pacients.

La classificacié molecular del cancer d’endometri ha sorgit en els uUltims deu anys com
una important eina per a classificar les pacients, amb una excel-lent correlacio
diagnostica entre patdlegs a la bidpsia d’endometri i entre aquesta i la peca de
histerectomia. Els tumors es poden classificar en quatre grups: POLE mutats
(POLEmut), mismatch repair deficient (MMRd), p53 abnormal (p53abn) i no specific
molecular profile (NSMP). L'impacte pronostic independent del perfil molecular ha estat
ampliament demostrat al llarg dels anys i per multiples cohorts. No obstant, la seva
capacitat per predir preoperatoriament I'afectaci®é ganglionar i extrauterina és
desconeguda.

La classificacio de risc postoperatoria presenta també limitacions en la prediccié de
recidiva: fins a un 15% de les pacients considerades de baix risc presentaran una
recidiva, i pel contrari, 40-50% de les pacients considerades d’alt risc no recidivaran mai.
Aquesta classificacié es basava, fins I'any 2021, en factors classics com la histologia,
I'estadi FIGO postoperatori i la invasio limfovascular (ILV). El paper del perfil molecular
en aquest escenari no ha estat analitzat mai préviament. Per ultim, I'impacte prondstic
del perfil molecular després de la recidiva també és desconegut.

El primer objectiu d'aquesta tesi doctoral va ser establir la taxa d'afectacié ganglionar en
funcio dels quatre grups moleculars realitzant una revisio sistematica de la literatura i
una meta-analisi. En segon lloc, vam voler evaluar la capacitat del perfil molecular per
predir preoperatoriament I'afectacid ganglionar i extrauterina mitjangant I'estudi d'una
cohort de 658 pacients amb cancer d'endometri del nostre centre sotmeses a cirurgia
primaria i amb perfil molecular realitzat retrospectivament sobre teixit tumoral. El tercer

objectiu d'aquesta tesi és avaluar la capacitat del perfil molecular per predir el patré de
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recidiva en aquesta mateixa cohort de pacients. El nostre ultim objectiu va ser analitzar
les caracteristiques pronostiques després de la recidiva del perfil molecular en una
cohort de 64 pacients diagnosticades amb una primera recaiguda a distancia en el
pulmo.

Creiem que els resultats d’aquesta tesi poden aportar important informacié respecte el
paper del perfil molecular a I'escenari diagnostic i preoperatori, aixi com en el moment

del seguiment i la recidiva.
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II. INTRODUCCION

1. EPIDEMIOLOGIA

El cancer de endometrio es la neoplasia mas frecuente del tracto genital inferior,
y la segunda en mortalidad tras el cancer de ovario. Su incidencia en Europa es
de 32.3 por 100.000 mujeres/aio, con 124.936 nuevos casos en 2022, y una
mortalidad de 7.8 por 100.000 mujeres/afio, con 30.286 muertes anuales (1)
(Figura1y 2).

Contrariamente a otras neoplasias, la incidencia del cancer de endometrio va en
aumento, con un incremento anual del 1% (2). Esto se debe principalmente al
aumento de dos de los principales factores de riesgo de esta neoplasia: la
obesidad y la edad avanzada.

El cancer de endometrio se presenta predominantemente en mujeres
postmenopausicas: el 91% se reporta en pacientes de mas de 50 afos, con una
mediana de edad al diagnéstico de 63 afios. Unicamente un 6% de las pacientes
se diagnostican con menos de 44 anos (3). Paralelamente, su asociacion con la
obesidad ha sido ampliamente demostrada: a mayor indice de masa corporal
(IMC), mayor incidencia de cancer de endometrio, asi como mayor tasa de
recidiva y de mortalidad (especialmente en pacientes con un IMC>40) (4). Se
calcula que la mortalidad por esta neoplasia puede incrementarse hasta un 33%
en el afio 2040 (2).

El prondstico del cancer de endometrio es en general favorable, siendo la
supervivencia global a los 5 afios del 80%. Esto es debido a que la mayoria de
las pacientes se diagnostican en estadios iniciales (80% en estadio FIGO I-l),
con tasas de supervivencia de aproximadamente 90% a los 5 afios. Sin embargo,
el 20% de las pacientes se diagnostican cuando ya existe diseminacion regional
y un 8% con diseminacion a distancia, siendo las tasas de supervivencia a los 5
afnos drasticamente inferiores (68% y 17%, respectivamente) (5). Ademas,
aproximadamente un 20% de las pacientes presentara una recidiva (5),
condicionando una disminucion en su supervivencia, que variara, como se

comentara mas adelante, en funcidn de las caracteristicas de esta.
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Por lo tanto, nos hallamos ante una neoplasia cada vez mas frecuente en paises
desarrollados, con una clara tendencia hacia un aumento en su mortalidad, lo

que indica que debemos hacer un esfuerzo con el objetivo de mejorar los

sistemas de clasificacion y los tratamientos de estas pacientes.

Crude rate per 100 000

I 4949-8370 Not applicable
N 220.3-4949 No data
[ 176-2203 y
73.0-117.6 ‘@
231-73.0

Figura 1. Incidencia de cancer de endometrio mundial, tasa por 100.000 habitantes,
2022. Extraida de (1).
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Crude rate per 100 000

I 2322-3413 Not applicable
N 116.0-232.2 No data
[ 73.4-116.0 :

470-73.4 A “©

161-470

Figura 2. Mortalidad de cancer de endometrio mundial, tasa por 100.000 habitantes,
2022. Extraida de (1).

2. FACTORES DE RIESGO

La aparicion de cancer de endometrio esta influenciada por factores externos (o
modificables) y factores inherentes a cada paciente, como el riesgo familiar.
Entre los factores externos hallamos la exposicion a estrégenos, la toma de
Tamoxifeno, la nuliparidad, la menopausia tardia, la menarquia precoz, asi como
el sindrome de ovario poliquistico, la diabetes mellitus y la hipertensién arterial
(6). Como se ha mencionado previamente, la obesidad es un importante factor
de riesgo en el desarrollo de esta neoplasia. El aumento de tejido adiposo tiene
un efecto activador en la enzima aromatasa, aumentando la conversion de
androstendiona a estrogenos y estimulando la proliferacion endometrial, que,
asociado al estado pro-inflamatorio mediado por adipocinas promueve la
progresion del tumor (7).

En cuanto a los factores inherentes a cada paciente, hallamos el riesgo genético.
Aproximadamente un 5% de todos los canceres de endometrio estan asociados
a componente hereditario, y este porcentaje aumenta a un 10% cuando la edad
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de diagnéstico es inferior a los 50 afios (8). El sindrome de Lynch es el sindrome
genético que mas aumenta el riesgo de cancer de endometrio. Se trata de una
enfermedad autosdmica dominante que se caracteriza por presentar una
mutacion en uno de los cuatro genes reparadores del ADN (mismatch-repair:
MMR): MLH1, MSH2, MSH6 y PMS2. La incidencia acumulada de cancer de
endometrio a los 70 afos es de 24%, 34%, 49% y 51% para PMS2, MLH1, MSH6
y MSH2, respectivamente (9). Las guias ESGO-ESMO-ESP publicadas en el aio
2021 (10) recomiendan el despistaje sistematico en todos los canceres de
endometrio de mutaciones en los genes MMR con el objetivo de: 1) identificar a
pacientes con riesgo de presentar sindrome de Lynch; 2) prediccion prondstica,
como se vera mas adelante segun la clasificacion molecular; 3) prediccion de
respuesta a inmunoterapia. Otros sindromes asociados al cancer de endometrio
son el sindrome de Cowden (mutacién en el gen supresor PTEN) con un riesgo
de hasta 28% de desarrollo de cancer de endometrio (11), la mutacion en los

genes BRCA 1y 2 (3-5%), y el sindrome de Li-Fraumeni.

3. DIAGNOSTICO

La presencia de metrorragia postmenopausica (presente en 90% de los casos
de cancer de endometrio) o de sangrado uterino andémalo en mujeres
premenopausicas son los sintomas iniciales mas frecuentes de cancer de
endometrio, tendiendo a aparecer al inicio de la enfermedad, lo que permite un
diagnodstico precoz en la mayoria de los casos. Las pacientes que presentan
sintomatologia sugestiva deben someterse a una evaluacion inicial mediante
exploracion clinica y ecografia transvaginal. En caso de hallarse un
engrosamiento endometrial (endometrio igual o superior a 3mm en pacientes
postmenopausicas), o ante sintomatologia persistente y/o factores de riesgo
(mencionados en el apartado 2), el siguiente paso es la realizacion de una
biopsia de endometrio por aspiracion (12).

La biopsia de endometrio tiene como finalidad el diagndstico y clasificacion
histologica del cancer de endometrio. No obstante, en un 15-27% de los casos
no se obtiene diagnostico por imposibilidad para acceder a la cavidad
endometrial o por obtencidn de muestra insuficiente para el analisis patoldgico

(13-16). Por eso, en casos de alta sospecha y biopsia de endometrio negativa o
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inconcluyente, o en casos en los que no se obtenga suficiente material, es
recomendable la realizacion de una histeroscopia. La histeroscopia permite la
visualizacion directa de la cavidad endometrial y la obtencion de biopsias
dirigidas a las areas mas sospechosas. Esta técnica presenta una excelente
sensibilidad (100%), especificidad (99.6%), valor predictivo positivo (75%) y valor
predictivo negativo (100%) para el diagnostico de cancer de endometrio (17).
Ademas, es un procedimiento que puede realizarse de forma ambulatoria, con
una aceptable tolerancia para las pacientes y con una baja tasa de
complicaciones asociadas (18), por lo que es la prueba indicada ante una
ausencia de diagnéstico tras biopsia de endometrio.

4. CLASIFICACION HISTOLOGICA

La obtencion de tejido tumoral permite la identificacion del tipo histologico y el
grado del tumor, y su clasificacién segun la 52 edicion de la clasificacion de la
Organizacion Mundial de la Salud (OMS) de los tumores de tracto genital
femenino (2020) (19) (ver Tabla 1). Los carcinomas endometrioides de
endometrio se clasifican en tres grados: grado 1, 2 y 3. Estos presentan,
respectivamente, <5%, 6-50% y >50% de componente solido no glandular. La
presencia de atipia citologica severa en la mayoria de las células (>50%)
aumenta un nivel el grado. En la actualidad se recomienda el sistema binario, en
el cual los tumores de grados 1y 2 son clasificados como bajos grados, y los de
grado 3 como tumores de alto grado (19).

En cuanto a las histologias no-endometrioides, clasicamente denominados
carcinomas de endometrio tipo Il, el mas frecuente es el carcinoma seroso (10%
de los canceres de endometrio). Estos tumores presentan un comportamiento
mas agresivo, diagnosticandose con mas frecuencia en estadios avanzados y
reuniendo aproximadamente el 40% de las muertes por cancer de endometrio.
El resto de los carcinomas de endometrio tipo Il lo constituyen principalmente los
carcinomas de células claras, indiferenciados y carcinosarcomas, todos ellos con
un comportamiento agresivo y pronostico mucho mas desfavorable que el de los
tumores endometrioides de bajo grado.

En la tabla 1 se detallan las caracteristicas de las principales histologias.
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Esta clasificacion histoldégica presenta limitaciones, especialmente en los
tumores indiferenciados o de alto grado. La alta variabilidad interobservador en
el diagnostico histologico de la biopsia de endometrio (con 30% de desacuerdo
entre patélogos (20, 21)), asi como la baja concordancia diagndstica entre la
biopsia prequirurgica y la pieza de histerectomia (menor a un 60%) (22), hacen
de este sistema de clasificacion en una herramienta poco fiable para la

prediccidn prequirurgica de afectacion extrauterina.

Adicionalmente al diagnostico histologico, la obtencidon de una biopsia
endometrial nos permite establecer también el perfil molecular del tumor y
clasificarlo en uno de los cuatro grupos aceptados en la actualidad: los tumores
POLE mutados (POLEmut), mismatch repair deficiency (MMRd), p53 abnormal
(p53abn) y no specific molecular profile (NSMP). Estos grupos moleculares
tienen importantes implicaciones prondsticas y de prediccion de respuesta al
tratamiento adyuvante. Todos estos aspectos seran analizados en mayor
profundidad en el apartado 6.
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Tipo histoldgico | Morfologia Etiologia Prevalencia | IHQ/mutaciones Estadios Prondstico
avanzados
Endometrioide Patron variable glandular, papilar y sdlido Exposicion a | 70-80% Bajo grado: ER+, PR+, | 10-20% OSalos5
estrogenos p16 parchada anos: 86%
Alto grado: pérdida
ARD1A, PTEN
Seroso Polimorfismo nuclear marcado y difuso. Patron | Desconocido | 10% P53abn (casi 40-50% 40% de las
papilar y glandular invariante). P16 difuso. muertes
30% casos: por cancer
amplificacion HER2 de
Otras: PIK3CA, endometrio
PR2R1A, FBXW?7.
Células claras Arquitectura papilar, tubuloquistica y/o Desconocido | <10% HFN1b, Napsina A, 40-50% OSalos5
arquitectura solida con polimorfismo poligonal AMACR. anos: 55-
con citoplasma eosinofilico Ocasionalmente 78%
p53abn. ER suelen ser
negativos.
Carcinoma Compuesto de carcinoma desdiferenciado y Desconocido | 2% Mutaciones inactivantes | 40% OSalos5
indiferenciado componente diferenciado (tipicamente de bajo (SMARCA4, anos: 55-
grado) SMARB1A, ARID1A, 95%
ARID1B
Carcinomas Compuestos por 2 0 mas tipos histolégicos, al | Desconocido | 10% Es el del
mixtos menos uno de tipo seroso o células claras tumor de
mayor
grado
Carcinosarcoma | Tumor bifasico compuesto de componente 6% relacion | 5% 45% OSalos5
sarcomatoso de alto grado y epitelial con anos:
Tamoxifeno. E I-1I: 60%
Relacion con E lll: 25%
RT pélvica. EIV:10%

Tabla 1. Clasificacion histologica del cancer de endometrio basada en la Organizacion Mundial de la Salud (OMS) de los tumores de tracto
genital femenino (2020). IHQ: inmunohistoquimica. ER: Receptores de estrogenos; PR: Receptores de progesterona; OS: overall survival;

E=Estadio
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5. ESTUDIO PREOPERATORIO POR IMAGEN

Tras la obtencion del diagnostico es necesario estudiar la extension loco-regional
y a distancia de la neoplasia para establecer un estadio preoperatorio del tumor.
Para ello, disponemos de diversas pruebas de imagen con distintas finalidades.

- Ecografia transvaginal: su principal utilidad radica en el estudio de los
factores locales tumorales (invasion miometrial, infiltracién cervical,
distancia respecto a serosa uterina, afectacion de anejos). Su rendimiento
diagnostico es equiparable al de la resonancia magnética siempre y
cuando se realice por personal experto.

- Resonancia magnética (RMN): Al igual que la ecografia, su principal
indicacion es la evaluacion local del tumor. Permite la valoracién también
de adenopatias loco-regionales.

- Tomografia computarizada (TAC) abdomino-pélvica: suele estar indicada
en tumores de alto grado o histologias desfavorables con el fin de
descartar enfermedad extrauterina (loco-regional o a distancia). Se suele
afadir un estudio toracico para descartar la presencia de afectacion
pulmonar.

- PET-TC: Su principal indicacion es en el diagnodstico de recidiva. Sin
embargo, en algunos centros se utiliza para el diagnostico, al igual que el
TAC, en tumores de alto grado o histologias desfavorables.

5.1. Valoracion de la afectacién local

El rendimiento diagndéstico de la ecografia transvaginal es equiparable al de la
resonancia magnética siempre y cuando se realice por personal experto (23).
Respecto a la valoraciéon de la invasion miometrial, la sensibilidad de la
ecografia respecto a la resonancia magnética es de 75% vs 83% vy la
especificidad de 86% vs 82%, respectivamente (23).

En cuanto a la valoracién de la infiltracién cervical, un metaanalisis que reunia
17 estudios con n=1751 pacientes, reveld que la ecografia transvaginal presenta
una baja sensibilidad (63%) pero una buena especificidad (91%) para el
diagndstico de infiltracion cervical (24). Otro estudio comparo la RMN con la
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ecografia y report6 tasas similares de sensibilidad (75% vs 77.8%), especificidad
(92% vs 94%), valor predictivo negativo (98% vs 97%) y accuracy (91% vs 92%)
entre ambas técnicas, con un peor valor predictivo positivo para la RMN
comparado con la ecografia (40% vs 63%) (25).

Los datos de nuestro centro, publicados en el afio 2021 (26), reflejan una baja
sensibilidad tanto por ecografia como por RMN para la valoracion de la
infiltraciéon miometrial (68% vs 51%) asi como de la invasién cervical (43%
vs 24%). Por el contrario, ambas técnicas presentan una alta especificidad tanto
para la valoracion de la infiltracion miometrial (87% vs 90%, respectivamente)

como de la invasion cervical (96% ambas).
Estos datos reflejan que, a pesar de tener una buena especificidad, ambas

técnicas presentan limitaciones en cuanto a su sensibilidad para la valoracion de

los factores locales de la enfermedad, especialmente la invasion cervical.

5.2. Valoracion de la afectacion ganglionar y extrauterina

5.2.1. TAC abdominopélvico:

La capacidad del TAC para la deteccién preoperatoria de enfermedad abdominal
macroscopica (carcinomatosis peritoneal) es generalmente buena (sensibilidad
de 75.5% y especificidad de 95.5%) (27).

Sin embargo, su capacidad para la prediccion de afectacién ganglionar pélvica y
paraaortica es baja. En cuanto a la deteccion de afectacion ganglionar pélvica,
la sensibilidad es muy baja (26%), en contraste con la especificidad (94.6%). La
probabilidad de hallar enfermedad ganglionar pélvica con un TAC preoperatorio
positivo fue de 38.6%; sin embargo, hasta 9.3% de las pacientes con TAC
preoperatorio negativo presentaban enfermedad durante la cirugia (27).

De la misma forma, la sensibilidad para las metastasis paraadrticas es baja,
aunque mayor que para las pélvicas (42.4%), en contraste con la especificidad
(95.5%). La probabilidad de hallar enfermedad ganglionar paraaodrtica con un
TAC preoperatorio positivo es de 50.6%; la tasa de pacientes con metastasis
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aorticas con TAC preoperatorio negativo fue inferior a las de la afectacion pélvica
(4.8%) (27).

5.2.2. RMN:

La resonancia magnética es una de las principales técnicas para la deteccion
preoperatoria de metastasis ganglionares. Presenta, al igual que el TAC, una
baja sensibilidad (28.6%). Su especificidad (82%) y valor predictivo negativo
(11.1%) también son relativamente bajos. Por ultimo, presenta un alto valor
predictivo positivo (93.6%) y una aceptable precision (78.1%) (28). Otros datos
sugieren mejores cifras de sensibilidad (58.8%) y especificidad (92.8%), sin

alcanzar tampoco buenos rangos (29).

5.2.3. PET-TC:

El PET-TC no suele solicitarse de rutina en estadios iniciales, aunque algunos
centros lo usan en este contexto. La sensibilidad y especificidad del PET-TC para
la deteccion preoperatoria de enfermedad ganglionar es superior a la del TAC y
RMN (74.2% y 92.8%, respectivamente) en alguna cohorte (29), aunque en otras
es equiparable a estas dos técnicas (46.2% y 96.7%, respectivamente) (30).
Parece que la combinacién de RMN y PET-TC seria la técnica con mejor
prediccion de enfermedad ganglionar, llegando a alcanzar una sensibilidad de
85%, especificidad de 92%, valor predictivo negativo de 96% y positivo de 75%,
con accuracy de 91% (31). Sin embargo, se debe tener en cuenta el coste de
esta técnica, especialmente si la asociamos a la RMN, y la carga econdmica que
supondria solicitar estas pruebas a todas las pacientes con diagnostico de
cancer de endometrio en estadio inicial preoperatorio.
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Sensibilidad | Especificidad VPN VPP Precision
RMN 28.6-58.8% 82-92.8% 11.1% 93.6% 78.1%
TAC 26-42.4% 94-95% 91.7-95.2% | 38.6-50.6%
PET-TAC | 46.2-74.2% | 92.8-96.7%
PET- 85% 92% 96% 75% 91%
TAC/RMN

Tabla 2. Capacidad diagnéstica preoperatoria de afectacion ganglionar de las diferentes
técnicas de imagen. VPN=valor predictivo negativo. VPP=valor predictivo positivo.

Por tanto, ninguna de las pruebas de imagen disponibles en la actualidad es
altamente fiable para el diagnostico preoperatorio de enfermedad ganglionar,
especialmente a expensas de una baja sensibilidad. Sumado a la alta
variabilidad en el diagndstico histoldgico preoperatorio (ver seccidn 4), la
prediccion de afectacion ganglionar y extrauterina basada unicamente en la
histologia y pruebas de imagen presenta importantes limitaciones. En este
contexto, la clasificacion molecular, como se detallara a continuacién, podria ser
una herramienta que ayude a la prediccion preoperatoria de afectacion

ganglionar y extrauterina.

6. CLASIFICACION MOLECULAR

6.1. Introduccién a la clasificaciéon molecular

El descubrimiento en el afio 2013 de la clasificacion molecular del cancer de
endometrio generd una gran repercusion en la comunidad cientifica. The Cancer
Genome Atlas (TCGA) Research Network realiz6 un analisis integrado de
genomica, transcriptomica y protedbmica e identificd cuatro subgrupos de cancer
de endometrio con distinta expresion génica y comportamiento clinico: los
tumores POLEmut, los microsatellite instability (MSI-H), los Copy-number-low y
los Copy-number-high. Ademas de su distinta expresion génica, los cuatro
grupos moleculares presentan correlacion con distintas histologias y grados
tumorales (ver Tabla 3 y Figura 3)

Los tumores POLEmut son predominantemente endometrioides de alto grado,

aunque también pueden ser tumores de bajo grado (32, 33).
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Los tumores MSI-H se asocian con histologia endometrioide y diferenciacion
mucinosa, y pueden asociarse al sindrome de Lynch. Son frecuentemente
tumores de alto grado.

Los tumores Copy-number-low son predominantemente endometrioides de bajo
grado, y los tumores Copy-number-high constituyen la practica mayoria de los
tumores serosos (94%), algunos carcinomas endometrioides (mayoritariamente

de alto grado) y carcinomas de células claras (32).
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Figura 3. Genes distintamente mutados en los cuatro subgrupos moleculares. Extraido
de (32).
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POLE MSI-H Copy-Number- Copy-Number-
ultramutado Low High
Nomenclatura POLEmut MMRd P53wt P53abn
segun ProMisE
Nomenclatura POLEmut MMRd NSMP P53abn
segun grupo
transPORTEC
Prevalencia 7-10% 25-30% 40-50% 20%
Tasa de | Muy alta Alta Baja Alta
mutaciones
Aberraciones en | Baja Baja Baja Alta
num. de copias
Mutaciones POLE (100%) | PTEN (88%) | PTEN (77%) | TP53  (92%)
genéticas PTEN (94%) | RPL22 (37%) | CTNNB1  (52%) | PPP2R1A
habituales PIK3CA (71%) | KRAS (35%) | PIK3CA (53%) | (22%) PIK3CA
PIK3R1  (65%) | PIK3CA (54%) | PIK3R1 (33%) | (47%)
FBXW7  (82%) | PIK3R1  (40%) | ARID1A (42%)
(

ARID1A  (76%)
KRAS  (53%)
ARID5B (47%

ARID1A (37%)

Tipo histologico

predominante

Endometrioide

Endometrioide

Endometrioide

Seroso, células
claras,

endometrioide

Grado tumoral G3 G1-G3 G1 G3
Otras Pacientes Asociacion al | IMC elevado e | Pacientes
caracteristicas jovenes, IMC | Sindrome de | hiperestrogenismo | mayores, IMC
menor, estadios | Lynch menor,
iniciales estadios
avanzados

Tabla 3. Expresion genética e histologias predominantes en los cuatro subgrupos
moleculares segtin TCGA, ProMisk y transPORTEC. Adaptado de (32) y (6).
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Sin embargo, el descubrimiento mas notable de esta clasificacion fue la clara
diferencia pronostica entre estos cuatro grupos moleculares (32) (ver Figura 4).
Los tumores POLEmut (7-10% de los canceres de endometrio) presentan un
excelente prondstico, raramente recidivan y casi la totalidad de las pacientes
permanecen vivas y sin evidencia de enfermedad. Por el contrario, los tumores
Copy-number-high (15-20%) exhiben el peor prondstico: aproximadamente 50%
de ellos recurren y presentan las peores tasas de supervivencia. Ademas, se
describieron dos grupos con caracteristicas moleculares e histologicas
diferenciales y con prondstico intermedio: los tumores MSI-H (30%), y los Copy-
number-low (40%). La correlacion prondstica se analizara en mayor detalle en el
apartado 6.4.

1004,

=

e
-y

80

60 -

—_
+

40

Log-rank P = 0.02

O POLE (ultramutated)
8 MSI (hypermutated)
8 Copy-number low (endometrioid)
0- ® Copy-number high (serous-like)
T T T T T T
0 20 40 60 80 100 120

Months

20

Progression-free survival (%)

Figura 4. Diferencias prondésticas entre los cuatro subgrupos moleculares. Extraido de
(32).

Posteriormente a la publicacion del TCGA, dos grupos de investigacion
independientes desarrollaron clasificaciones subrogadas mediante la sustitucidon
de la secuenciacion genética por técnicas de inmunohistoquimica, que permitian
una mayor aplicacion clinica de la clasificacién propuesta por TCGA. Por un lado,
el grupo canadiense desarroll6 la clasificacion PROMISE (33-36), en la que los
tumores MSI-H pasaban a llamarse mismatch repair deficiency (MMRd), los

Copy-number-low se nombraban p53wt, y los Copy-number-high se llamaban
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p53abn. Por otro lado, el grupo de Leuven (transPORTEC) publicé otra
clasificacion en la que variaba ligeramente el orden de realizaciéon de las
pruebas, y en la que los tumores p53wt pasaban a llamarse no specific molecular
profile (NSMP) (37-38). Ver Tabla 3. Esta ultima clasificacion es la recomendada
actualmente en las guias clinicas ESGO-ESTRO-ESP. Los detalles de la
evolucion entre la clasificacion del TCGA, ProMisk, y del grupo transPORTEC

seran analizados en mayor detalle a continuacion.

6.2. Evolucioén de la clasificacion molecular

A pesar de los prometedores resultados del TCGA, esta clasificacion presenta
dos limitaciones importantes. La secuenciacion genética necesaria para
clasificar a los tumores en uno de los cuatro grupos moleculares tiene un alto
coste y una baja disponibilidad en la mayoria de los centros, siendo poco
aplicable en la practica clinica diaria. En el afio 2015 se describieron alteraciones
moleculares claves (34) que permitian clasificar a los tumores en cuatro grupos
analogos a los del TCGA combinando una prueba molecular (secuenciacion de
todo el dominio exonucleasa POLE de los exones 9-14, o secuenciacion dirigida
de los exones 9, 13 y 14) con el estudio inmunohistoquimico de p53 y de las
proteinas reparadoras de ADN (MLH1, PMS2, MSH6, MSH2). Esto facilito la
aplicacién de la clasificacidon molecular a la practica clinica dado que permitia
abaratar los costes y aumentar su accesibilidad. Este grupo propuso una
clasificacion, llamada “ProMiskE” (Proactive Molecular Risk Classifier for
Endometrial Cancer) (35, 36), que establecia un orden de realizacion de las
pruebas diagnosticas para clasificar correctamente a las pacientes (Figura 5). La
clasificacion ProMiskE (34-36) establecia como primer paso la determinacidn
inmunohistoquimica de las proteinas reparadoras de ADN, seguidas del estatus
POLE, y por ultimo la determinacion del estatus de p53, dividiendo asi las
pacientes en p53abn (aquellas con patrén aberrante de p53) o, al contrario, p53-
wt. Ademas, renombraba algunos de los grupos establecidos en el TCGA: los
tumores MSI-H pasaban a llamarse “MMRd” (mismatch repair deficient), los
Copy-number-low “p53-wt” mientras que los Copy-number-high se llamaban
“p53-abn”. La aplicabilidad de este algoritmo diagndstico se confirmo y se validd
en distintas cohortes del mismo grupo (35, 36).

33



[ ew sample

M.r\ﬂF:l:lE.sz.sm’g unclassifiable
1,

'OO( f?L_E_T ':S_m_g’ unclassifiable
<

“%
%
Do
p53 IHC missing <
& 6. wumsuuussp |unclassifiable
\) S

& R 0. %,
SN2 i

o

Figura 5. Algoritmo diagndéstico para la clasificacion molecular de cancer de endometrio
segun ProMiskE. Extraido de (35).

Paralelamente, el grupo TransPORTEC (Translational Research in
Postoperative Radiation Therapy for Endometrial Carcinoma) propuso un nuevo
algoritmo (37, 38) en el que, contrariamente al algoritmo de ProMisE, el analisis
mutacional de POLE se realiza como primer paso diagnostico, seguido del
estudio inmunohistoquimico de las proteinas reparadoras de ADN vy, por ultimo,
de p53 (Figura 6). Ademas, los tumores previamente nombrados Copy-number-
high (TCGA) y p53-wt (ProMisE) se llaman en la actualidad NSMP (non-specific
molecular profile). Este algoritmo (presentado en la Figura 6) es el que
recomiendan aplicar las guias actuales (10) y el que se emplea en la practica

clinica.
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Figura 6. Algoritmo diagndstico para la clasificacion molecular de cancer de endometrio.
Extraido de (41).

Sin embargo, un 3-6% de los tumores presentan mas de una alteracion molecular
(34-38), y son conocidos como “multiple classifiers”. Estos incluyen los que
combinan mutacion en POLE y en p53 (POLEmut-p53abn), en POLE y MMR
(POLEmMut-MMRd), en p53 y en MMR (p53abn-MMRd) o en las tres (POLEmut-
MMRd-p53abn).

En el afio 2020, el grupo TransPORTEC analizé el comportamiento clinico de los
tumores multiple classifiers (39, 40). Los tumores MMRd-p53abn presentaban
unas caracteristicas clinicas y un pronostico similar al de los single-classifier
MMRd, y, de la misma forma, los tumores POLEmut-p53abn presentaban un
comportamiento similar al de los single-classifier POLEmut (39) (ver Figura 7).
Estos tumores mostraban una sobreexpresion subclonal de p53, sugiriendo que
la mutacion en p53 es un evento secundario que se desarrolla durante la
progresion del tumor. De forma similar, los tumores que presentan mutaciones
patogénicas en POLE y en MMR tienen un comportamiento similar al de los
single-classifiers POLEmut (40).
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Figura 7. Recurrence-free survival de los tumores MMRd-p53abn y POLEmut-p53abn.
Extraido de (40).

6.3. Correlacion del perfil molecular en biopsia pre y postoperatoria

Una de las grandes ventajas del perfil molecular es que el alto nivel de
concordancia entre patélogos al analizar la biopsia de endometrio. Ademas, la
correlacion diagnostica entre la biopsia prequirurgica y la pieza de histerectomia
es excelente, lo que convierte al perfil molecular en una herramienta de gran
potencial para planificar la extension quirurgica y el tratamiento desde el
diagnostico (42, 43). Esta correlacion es mayor en los tumores p53abn, lo que
es especialmente interesante dado que se trata del grupo de peor prondstico,
que requerira una mayor extension quirurgica y un tratamiento adyuvante mas

agresivo.

6.4. Prondstico de la clasificacion molecular.

Multiples estudios han confirmado la capacidad prondstica del perfil molecular
(33-41), tanto en poblaciones de riesgo intermedio e intermedio-alto en las
cohortes de PORTEC 1 y 2 (38), como en poblaciones de alto riesgo en la
cohorte de PORTEC 3 (37), y en cohortes que engloban pacientes de todos los
grupos de riesgo (34-36). Asi, los tumores POLEmut son tumores ultramutados,
muy inmunogeénicos, que presentan un excelente pronostico, con una
supervivencia libre de enfermedad (SLE) y supervivencia global (SG) a los 5
afnos de 98%, contrariamente a los p53abn que muestran los peores resultados
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en supervivencia (SLE a los 5 afios de 48% y SG de 54%). Con un prondstico

intermedio y muy parecido entre ellos se hallan los grupos MMRd (SLE 71.7% y
SG 81.3%) y NSMP (SLE 74.4% y SG 88.5%) (44). En la Tabla 4 se muestran
los graficos de supervivencia especifica de enfermedad (SEE) y SG de los cuatro

subgrupos moleculares segun las principales series (35, 36, 38), que confirman

la tendencia reportada en TCGA (32) y presentada en la Figura 4.
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Tabla 4. Supervivencia especifica de enfermedad y supervivencia global para los cuatro
subgrupos moleculares en distintas cohortes. Codigo de colores: Azul: POLEmut;
naranja: MMRd; verde: NSMP; rojo: p53abn.
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Multiples estudios han demostrado que el perfil molecular es un factor prondstico
independiente, y que sus caracteristicas prondsticas se mantienen
independientemente del grado tumoral, la histologia o el estadio FIGO (45, 46).
Existe poca evidencia respecto al papel prondstico del perfil molecular en
estadios V. Un estudio publicado recientemente incluyendo 164 pacientes con
estadio IV sometidas a cirugia de citorreduccion (primaria o tras neoadyuvancia)
no consiguido demostrar un impacto prondstico significativo del perfil molecular
en SLE (p=0.056) o SG (p=0.12) en este estadio (47).

7. ESTADIFICACION

La estadificacion del cancer de endometrio es quirurgica. Hasta el afio 2023 se
regia segun la clasificacion FIGO 2009 (48), basada en la combinacion de
factores locales (invasion miometrial, infiltracion cervical), loco-regionales
(extension a serosa uterina o anejos, afectacidn vaginal y/o parametrial,
afectacion de ganglios pélvicos y adrticos) y de la extension profunda a 6rganos
pélvicos y a distancia (Tabla 5). En el afio 2023 se establecié un nuevo sistema
de clasificacion que, ademas de tener en cuenta los factores ya mencionados en
la clasificacion FIGO 2009, considera el grado tumoral, el tipo histologico y la
invasion linfovascular, con la posibilidad de incluir la clasificacién molecular (49)
(Tabla 6).

En la nueva clasificacion FIGO, la clasificacion histolégica se considera binaria,
siendo los “tumores de histologias no agresivas” los adenocarcinomas
endometrioides de bajo grado, y los “tumores de histologias agresivas” los
tumores endometrioides de alto grado y el resto de las histologias. Ademas, se
anade el concepto de ausencia de invasion miometrial (tumores confinados al
endometrio o sobre polipo), que estaba incluida dentro del grupo de tumores con
invasion de <50% del miometrio en la clasificacion FIGO 2009. A raiz de la
instauraciéon de este nuevo sistema de clasificacion, diversos grupos han
publicado la correlacion prondstica de sus cohortes segun la clasificacion FIGO
2023, confirmando una capacidad predictiva superior de la SLE y de la SG
mediante el sistema de estadificacion FIGO 2023 que con el sistema de

clasificacion previo (50-53), en todos los estadios, con y sin la clasificacidon
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molecular asociada. De ahora en adelante nos referiremos siempre a la

clasificacion FIGO 2009 dado que todas las pacientes incluidas en los articulos

gue conforman esta tesis se clasificaron en base a este sistema.

Estadio | Tumor confinado al cuerpo del utero
1A Ausencia de invasién miometrial o
invasion menor del 50% de la pared
B Invasion miometrial igual o mayor del
50% de la pared
Estadio Il Invasion del estroma cervical,
limitado al utero
Estadio I Extension local y/o regional del tumor
A Tumor que invade la serosa del
cuerpo uterino y/o anejos
B Afectacion vaginal y/o parametrial
HC1 Afectacion de ganglios pélvicos
ncz2 Afectacion de ganglios paraaorticos
Estadio IV Invasién de mucosa vesical y/o recto
y/o metastasis a distancia
IVA Invasion de mucosa vesical y/o rectal
VB Metastasis a distancia (incluidas

intraabdominales y ganglios

inguinales)

Tabla 5. Sistema de clasificacion FIGO 2009.
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Stage
Stage |

1B
IC
Stage Il

1A
1IB
IIC
Stage Il
A

1B

e

Stage IV
IVA
IVB
IvC

Description

Confined to the uterine corpus and ovary*®

Disease limited to the endometrium OR non-aggressive histological type, i.e. low-grade endometroid, with invasion of less
than half of myometrium with no or focal lymphovascular space involvement (LVSI) OR good prognosis disease

IA1 Non-aggressive histological type limited to an endometrial polyp OR confined to the endometrium

IA2 Non-aggressive histological types involving less than half of the myometrium with no or focal LVSI

IA3 Low-grade endometrioid carcinomas limited to the uterus and ovary*©

Non-aggressive histological types with invasion of half or more of the myometrium, and with no or focal LVSI¢
Aggressive histological types® limited to a polyp or confined to the endometrium

Invasion of cervical stroma without extrauterine extension OR with substantial LVSI OR aggressive histological types with
myometrial invasion

Invasion of the cervical stroma of non-aggressive histological types
Substantial LVSI? of non-aggressive histological types

Aggressive histological types® with any myometrial involvement

Local and/or regional spread of the tumor of any histological subtype
Invasion of uterine serosa, adnexa, or both by direct extension or metastasis

I11IA1 Spread to ovary or fallopian tube (except when meeting stage IA3 criteria)®
IIIA2 Involvement of uterine subserosa or spread through the uterine serosa

Metastasis or direct spread to the vagina and/or to the parametria or pelvic peritoneum

11IB1 Metastasis or direct spread to the vagina and/or the parametria
111B2 Metastasis to the pelvic peritoneum

Metastasis to the pelvic or para-aortic lymph nodes or both'

11IC1 Metastasis to the pelvic lymph nodes

IIC1i Micrometastasis

I1IC1ii Macrometastasis

I1IC2 Metastasis to para-aortic lymph nodes up to the renal vessels, with or without metastasis to the pelvic lymph nodes
IIC2i Micrometastasis

IIC2ii Macrometastasis

Spread to the bladder mucosa and/or intestinal mucosa and/or distance metastasis
Invasion of the bladder mucosa and/or the intestinal/bowel mucosa
Abdominal peritoneal metastasis beyond the pelvis

Distant metastasis, including metastasis to any extra- or intra-abdominal lymph nodes above the renal vessels, lungs, liver,
brain, or bone

Tabla 6. Sistema de clasificacion FIGO 2023, tabla extraida de (49).

8. TRATAMIENTO QUIRURGICO

El tratamiento del cancer de endometrio es eminentemente quiruargico y es lo que

determinara su estadio definitivo. La extension del tratamiento quirurgico varia

en funcion del estadio, histologia y grado preoperatorios, lo que permite

diferenciar a las pacientes con sospecha de enfermedad inicial (estadio FIGO I-

Il) de las pacientes con sospecha de enfermedad avanzada (FIGO IlI-IV).

8.1. Estadios iniciales preoperatorios
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En estas pacientes, el tratamiento estandar es la histerectomia con doble
anexectomia. La via de abordaje de eleccion es la cirugia minimamente invasiva
(laparoscopia o robdtica), dada la menor morbilidad y mas rapida recuperacion
postoperatoria sin diferencias en supervivencia respecto a la via abierta (54, 55).
La estadificacidon quirdrgica ganglionar es fundamental debido a la baja
capacidad diagnostica de las pruebas de imagen preoperatorias, como se ha
visto en el apartado 5. El conocimiento de la afectacion ganglionar permite aplicar
el tratamiento adyuvante adecuado y aportar informacion prondstica. Multiples
estudios han demostrado la ausencia de valor terapéutico de la linfadenectomia
en estadios iniciales (56-58), asi como el mayor riesgo de complicaciones intra y
postoperatorias que asocia esta técnica (56, 57, 59-62). Por ello, y teniendo en
cuenta que la linfadenectomia tiene fines unicamente de estadificacion, en los
ultimos afos se ha validado la técnica de la biopsia selectiva del ganglio centinela
(BSGC) como una alternativa para la estadificacion ganglionar.

La BSGC aporta ventajas significativas respecto a la linfadenectomia, entre las
que destacan una menor morbilidad (63, 64) y una mayor deteccion de
metastasis ganglionares a pesar de un menor numero de ganglios extraidos (65,
66). La mayor deteccion de metastasis ganglionares se debe principalmente a la
exploracion de vias de drenaje que habitualmente no se analizan en una
linfadenectomia convencional y al método de estudio anatomopatolégico del
ganglio centinela, que incluye la ultraestadificacion  mediante
inmunohistoquimica o tecnologia OSNA, permitiendo una mayor deteccion de
metastasis de bajo volumen. Estas se definen, mediante técnica de
inmunohistoquimica, como micrometastasis (0.2-2mm), y células tumorales
aisladas (<0.2mm) (67). Cuando el analisis se realiza mediante tecnologia
OSNA, los puntos de corte determinados por Nagai et al (68) son de 250-4999
copias/microL para micrometastasis y valores > 5000 copias/microL para
macrometastasis.

Varios estudios prospectivos han demostrado que la BSGC presenta una
excelente capacidad para la deteccion de enfermedad ganglionar (69-73)
incluyendo a los tumores de alto riesgo (72-74). No se han hallado diferencias
en supervivencia entre esta técnica y la linfadenectomia sistematica en pacientes
de bajo riesgo (75, 76), aunque actualmente la evidencia para extrapolar estos
resultados en tumores de alto riesgo es limitada (77, 78). Por ello, en funcién de
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la histologia, el grado, y los factores locales uterinos (grado de invasidn
miometrial e infiltracion cervical), la estadificacion ganglionar puede realizarse
unicamente mediante la BSGC (en pacientes de riesgo bajo o intermedio), o
mediante BSGC y/o linfadenectomia pélvica +/- adrtica en pacientes de riesgo
intermedio-alto o alto (10). Adicionalmente, en tumores serosos, indiferenciados

0 carcinosarcomas, esta indicada la realizaciéon de una omentectomia.

8.2. Estadios avanzados preoperatorios

En estadios avanzados se recomienda la realizacibn de una cirugia de
citorreduccion siempre y cuando sea factible conseguir una reseccion completa
con una morbilidad aceptable, seguida de tratamiento adyuvante. Cuando no
existe enfermedad extra-abdominal pero la enfermedad abdominal no es
citorreducible de forma primaria, se puede considerar la administracion de
quimioterapia neoadyuvante y, en caso de buena respuesta a ésta, revalorar la
cirugia de citorreduccion. La via de eleccion en estadios avanzados es la cirugia

abierta.

9. EVOLUCION DE LA CLASIFICACION DE RIESGO DE 2016 A LA
ACTUAL (2021). PAPEL DEL PERFIL MOLECULAR

9.1. Clasificacion de riesqgo de 2016 v sus limitaciones

Una vez se dispone de la histologia definitiva, el estatus de la invasion
linfovascular (ILV) y el estadio postoperatorio de la enfermedad, las pacientes
pueden clasificarse en distintos grupos de riesgo de recidiva, a partir de los
cuales se decidira el tratamiento adyuvante a administrar.

En la Tabla 7 se exponen los grupos de riesgo de la clasificacion previa a la
actual (3), en la que el perfil molecular todavia no estaba incluido.
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Grupo de riesgo Descripcion

Bajo Estadio |, Endometrioide grado 1-2,
<50% de invasion miometrial, ILVS
negativa

Intermedio Estadio |, Endometrioide grado 1-2,

>50% de invasion miometrial, ILVS

negativa

Intermedio-alto Estadio |, Endometrioide grado 3,
<50% de invasibn miometrial,
independientemente de ILVS

Estadio |, Endometrioide grado 1-2,
ILVS positiva independientemente de

invasion miometrial

Alto Estadio |, Endometrioide grado 3,
>50% de invasibn  miometrial,
independientemente de ILVS
Estadio Il

Estadio Il endometrioide  sin
enfermedad residual

No endometrioide

Avanzado Estadio Il con enfermedad residual
Estadio IVA
Metastasico Estadio IVB

Tabla 7. Clasificacion de riesgo de 2016 segun (3).

Esta clasificacion se basaba unicamente en el estadio del tumor, la histologia y
la invasion linfovascular (ILV) (3), factores que, como se ha demostrado
previamente, tienen baja reproducibilidad. Como resultado, la capacidad para
predecir el riesgo de recidiva era limitada: entre el 10 y el 15% de las pacientes
clasificadas como de bajo riesgo presentaban una recidiva, y hasta un 10%
desarrollaban metastasis a distancia, a pesar de haber sido consideradas
curadas tras la cirugia. En contraste, entre el 60 y el 70% de las pacientes
clasificadas como de alto riesgo nunca llegaban a tener una recidiva (3, 79-83).
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Por lo tanto, en los ultimos afos se han dirigido multiples esfuerzos en identificar
aquellas pacientes que, a pesar de ser consideradas de bajo riesgo, presentaran
afectacion ganglionar o una recidiva de su enfermedad para intensificar el
tratamiento adyuvante y realizar un seguimiento mas estrecho. De la misma
forma, debemos ser capaces de identificar aquellas pacientes consideradas de
alto riesgo que no presentaran afectacion ganglionar ni recidivaran nunca con el
objetivo de limitar procedimientos con morbilidad como la linfadenectomia o un
tratamiento adyuvante excesivamente agresivo para aquellas pacientes que no

lo requieren.

9.2. Contribucioén del perfil molecular a la clasificacion de riesgo de 2016

En la ultima década, la clasificacion molecular del cancer de endometrio ha
representado un gran avance en la estratificacion del riesgo y en la prediccion

del prondstico individual de cada paciente.

Gracias a su alta precision diagnostica y su solido valor prondstico, el perfil
molecular se ha convertido en una herramienta clave para agrupar a las
pacientes segun su nivel de riesgo. Esto permite no solo estimar su prondstico
con mayor exactitud, sino también orientar decisiones sobre el tratamiento

adyuvante y el seguimiento posterior.

Desde su incorporacion, varios estudios han comparado la capacidad prondstica
de la clasificacion de riesgo clinicopatolédgica de 2016, sola y en combinacidn con
el perfil molecular (34-36, 38). Estos trabajos han demostrado que integrar los
grupos de riesgo ESMO 2016 con la clasificacion molecular mejora
significativamente la prediccion de la supervivencia, alcanzando el C-indice mas
alto. Esto confirma que la mejor capacidad prondstica se logra al combinar los
factores histolégicos tradicionales con los moleculares (34-36, 38). Véanse
Figuras 8y 9.
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Figura 8. C-indice de supervivencia global (OS), supervivencia especifica de
enfermedad (DSS) y supervivencia libre de progresion (PFS) en funciéon de la
clasificacion ESMO, ProMisE, ESMO+ProMisk, Diagnostic Model y el Modelo
posquirdrgico. Extraido de (34).
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Figura 9. C-indice de supervivencia global (OS), supervivencia especifica de
enfermedad (DSS) y supervivencia libre de progresion (PFS) en funciéon de la
clasificacion ESMO, ProMisE, ESMO+ProMisk, Diagnostic Model y el Modelo
posquirdrgico. Extraido de (36).

45



Esta comparativa de clasificaciones evidencio el considerable nimero de casos
que habrian sido infratratados o sobretratados siguiendo uUnicamente la
clasificacion de riesgo del afio 2016. Por ejemplo, un cuarto de los tumores
p53abn estaban clasificados en los grupos de riesgo bajo e intermedio y habrian
recibido un tratamiento suboptimo, con una mayor tasa de recidivas y de
mortalidad, mientras que la mitad de los tumores POLEmut se clasificaban en el
grupo de alto riesgo basandose en el grado, estadio o histologia y habrian
recibido un sobretratamiento innecesario con quimioterapia y radioterapia. Figura
10.
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risk groups
0.50 - Low
Intermediate
0.25 - .H-g:
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POLE MMR IHC abn p53 wt p53 abn

Figura 10. Porcentaje de pacientes clasificadas en los distintos grupos de riesgo ESMO
2016 segun los cuatro perfiles moleculares. Extraido de (34).

9.3. Clasificacion de riesgo actual (2021) con el perfil molecular
integrado

A raiz de estos prometedores resultados, las guias clinicas Europeas publicadas
en 2021 establecen nuevos grupos de riesgo que incorporan el perfil molecular
a las caracteristicas histopatoldgicas clasicas (Figura 11).
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Molecular Classification Unknown

Molecular Classification Known*

Risk Group

Low e Stage IA endometrioid + low-grade** + LVSI negative or | e Stage I-1ll POLEmut endometrioid cancer***, no residual
focal disease
e Stage IA MMRd/NSMP endometrioid cancer + low-grade**
+ LVSI negative or focal
Intermediate | e Stage IB endometrioid + low-grade** + LVSI negative or | e Stage IB MMRd/NSMP endometrioid cancer + low-grade**
focal + LVSI negative or focal
e Stage IA endometrioid + high-grade** + LVSI negative or | e Stage IA MMRd/NSMP endometrioid cancer + high-grade**
focal + LVSI negative or focal
e Stage IA non-endometrioid (serous, «clear cell, | e Stage IA non-endometrioid (serous, clear cell,
undifferentiared carcinoma, carcinosarcoma, mixed) undifferentiated carcinoma, carcinosarcoma, mixed)
without myometrial invasion without myometrial invasion
High- e Stage | endometrioid + substantial LVSI, regardless of grade | e Stage | MMRd/NSMP endometrioid cancer + substantial
intermediate and depth of invasion LVSI, regardless of grade and depth of invasion
e Stage IB endometrioid high-grade**, regardless of LVSI | e Stage IB MMRd/NSMP endometrioid cancer high-grade**,
status regardless of LVSI status
e Stage II o Stage [l MMRd/NSMP endometrioid cancer
High o Stage III-IVA with no residual disease o Stage III-IVA MMRd/NSMP endometrioid cancer with no
e Stage I-IVA non-endometrioid (serous, clear cell, residual disease
undifferentiated carcinoma, carcinosarcoma, mixed) with | e Stage I-IVA p53abn endometrioid cancer with myometrial
myometrial invasion invasion, and no residual disease
e Stage [-IVA  serous, undifferentiated carcinoma,
carcinosarcoma with myometrial invasion, unless POLEmut
Advanced o Stage III-IVA with residual disease o Stage III-IVA with residual disease
Metastatic | e Stage IVB * Stage IVB

* see text on how to assign double classifiers (e.g. patientswith both POLEmut and p53abn should be managed as POLEmut)

** according to the binary FIGO grading, grade 1 and grade 2 carcinomas are considered as low-grade, and grade 3 carcinomas are considered

as high-grade.

*** refers to pathogenic POLE mutations, see text also for treatment.

p53abn: p53 abnormal, MMRd Mismatch Repair Deficient, NSMP nonspecific molecular profile, POLEmut polymerase € mutated

Figura 11. Clasificacion de riesgo actual (2021) considerando el perfil molecular.
Extraido de (10).

10.

TRATAMIENTO ADYUVANTE

10.1. Principales ensayos clinicos en tratamiento adyuvante

Multiples ensayos clinicos aleatorizados demostraron que la radioterapia pélvica,

comparada con la ausencia de tratamiento adyuvante, reducia significativamente

las recidivas loco-regionales (vaginales y pélvicas) (84-87). No obstante, no se

pudo demostrar un aumento en la supervivencia global y el tratamiento con

radioterapia asociaba importante toxicidad, especialmente gastrointestinal. Dado

que la mayoria de las recidivas loco-regionales se localizaban en la vagina, el

ensayo clinico PORTEC-2 (88) comparé la eficacia de la braquiterapia vaginal

con la radioterapia pélvica en la reducciéon de las recidivas vaginales en

pacientes de riesgo intermedio-alto, sin diferencias en los dos brazos de

tratamiento en cuanto a supervivencia, pero con mejor calidad de vida en las que
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recibieron braquiterapia. Estos resultados fueron corroborados por un ensayo
sueco (87). Basandose en estos estudios, se establecio como recomendacion
para las pacientes de riesgo intermedio el tratamiento con braquiterapia vaginal,
y para las pacientes de riesgo intermedio-alto, el tratamiento con radioterapia
externa.

Multiples ensayos clinicos estudiaron el efecto de la quimioterapia y la
radioterapia en pacientes de alto riesgo (89-94). En el afio 2019 se publico el
ensayo clinico PORTEC-3 (95) que comparaba en pacientes de alto riesgo
(estadio | G3 > 50% de invasidn miometrial, ILV +, estadios II, estadios Ill o
histologias no-endometrioides) el efecto de la radioterapia pélvica versus
radioterapia pélvica y quimioterapia (en esquema radioterapia concomitante con
dos ciclos de quimioterapia con cisplatino seguida por cuatro ciclos de
carboplatino-paclitaxel). Este estudio demostré que, en estadios Ill y en
histologias serosas, la quimiorradioterapia concomitante mejoraba la
supervivencia respecto a la radioterapia pélvica exclusiva. Por ello, las pacientes
con estadio Il o histologia no endometrioide son tributarias en la actualidad de
recibir quimiorradioterapia concomitante segun el esquema PORTEC-3.

Asi pues, las recomendaciones actuales establecen:

- Las pacientes de bajo riesgo no deben recibir tratamiento adyuvante.

- Las pacientes de riesgo intermedio son tributarias de recibir tratamiento
con braquiterapia vaginal.

- Las pacientes de riesgo intermedio-alto se benefician de tratamiento
con radioterapia externa.

- Las pacientes de riesgo alto se benefician de tratamiento con
quimiorradioterapia siguiendo un esquema PORTEC-3.

- Las pacientes con enfermedad avanzada o metastasica se benefician
de tratamiento con quimioterapia asociada o no a citorreduccion
quirurgica siempre y cuando se considere que se puede resecar toda la
enfermedad macroscépica.
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10.2. Prediccion de la respuesta al tratamiento adyuvante segun el perfil
molecular

Ademas de sus diferencias pronosticas, los distintos subgrupos moleculares

parecen tener diferente respuesta al tratamiento adyuvante.

10.2.1. Pacientes de riesqo alto

Un analisis post-hoc del ensayo clinico PORTEC-3 -que incluia unicamente
pacientes de alto riesgo- analiz6 el beneficio de la quimiorradioterapia
concomitante respecto a la radioterapia en funcion del grupo molecular (44). Los
resultados mostraron que las pacientes con tumores p53abn eran las que tenian
el peor pronostico y presentaban un beneficio significativo cuando recibian
quimioterapia adicionalmente a la radioterapia, independientemente de la
histologia: la SLE a los 5 afios fue de 59% en el brazo de quimiorradioterapia
versus 36% con radioterapia sola (p=0.019). Los tumores MMRd presentaban un
prondstico intermedio, sin diferencias en funcion del tratamiento con radioterapia
o quimiorradioterapia (SLE de 68% vs 76%, p=0.428), por lo que parece que, en
este grupo, la quimioterapia no aporta un beneficio anadido a la radioterapia. Las
pacientes con tumores POLEmut presentaban un excelente prondstico con una
SLE a los 5 afios de 100% con quimiorradioterapia y de 97% con radioterapia
sola (p=0.637), por lo que, en este caso, la quimioterapia tampoco aporta un
beneficio adicional. Por ultimo, los tumores NSMP presentaban un prondstico
intermedio, con un discreto beneficio al afiadir quimioterapia (80% vs 68%,
p=0.243), similar a los resultados de la cohorte global de PORTEC-3.

Resultados similares fueron reportados por el grupo ProMisk (96) en pacientes
de alto riesgo. A raiz de estos resultados, las ultimas guias Europeas (10)
ajustaron el tratamiento adyuvante con dos importantes modificaciones: las
pacientes p53abn pasan a formar parte del grupo de alto riesgo (excepto
aquellas pacientes sin invasion del miometrio), y son tributarias de recibir un
esquema de tratamiento PORTEC-3 con quimiorradioterapia, mientras que las
pacientes con tumores POLEmut en estadios iniciales (FIGO 2009 I-1l) pasan a
formar parte del grupo de bajo riesgo, independientemente de la histologia o los

factores locales, permitiendo una desescalada del tratamiento adyuvante.
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Recientemente se han publicado los resultados de un subanalisis del estudio
GOG 258 (97) que compara, en pacientes de alto riesgo (estadios Ill, IVA, o
histologias serosas o células claras estadios I-l), el beneficio de afadir cisplatino
a la radioterapia externa versus un tratamiento unicamente con quimioterapia
(esquema carboplatino-paclitaxel 6 ciclos). En este subanalisis, el grupo
molecular que mas se beneficid de afiadir radioterapia a la quimioterapia fue el
NSMP (HR 0.54, 95% CI 0.32-0.94 para SLE). Ni el grupo de pacientes p53abn
ni MMRd presentaron beneficios al afiadir radioterapia. Ningun grupo presentoé
beneficios en SG. Es importante recalcar que no se realiz6 el estudio mutacional

de POLE en esta cohorte de pacientes.

10.2.2. Pacientes de riesqo intermedio e intermedio-alto

Paralelamente, un analisis post-hoc de las cohortes PORTEC-1 y PORTEC-2
(98) -incluyendo tumores endometrioides en estadio inicial de riesgo intermedio
e intermedio-alto- analiz6 el beneficio de la radioterapia adyuvante para cada
grupo molecular en la SLE loco-regional. No se observé ninguna recidiva loco-
regional en el grupo POLEmut, por lo que parece que omitir el tratamiento con
radio y braquiterapia es seguro en estas pacientes. El beneficio de la radioterapia
fue limitado en el grupo MMRd, con una SLE similar con radioterapia externa
(94.2%), con braquiterapia (94.2%) y sin tratamiento adyuvante (90.3%, p=0.74).
Por el contrario, los tumores p53abn presentaron un beneficio significativo en
recibir radioterapia externa (SLE 96.9%) respecto a recibir sélo braquiterapia
(64.3%) o ningun tratamiento (72.2%, p=0.048). En el grupo NSMP, tanto la
radioterapia externa como la braquiterapia demostraron un mejor control loco-
regional comparado con no recibir tratamiento (SLE de 98.3%, 96.2% y 87.7%

respectivamente, p<0.0001).

A pesar de lo prometedor de estos resultados, todos ellos provienen de estudios
retrospectivos o analisis no planificados de ensayos clinicos. Por ello, en la
actualidad, se esperan resultados de dos ensayos clinicos que pretenden
individualizar el tratamiento adyuvante basandose en el perfil molecular: el
ensayo PORTEC 4a, y el ensayo RAINBO.
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El ensayo PORTEC 4a (99) es un ensayo clinico aleatorizado multicéntrico de
fase 3 que incluye pacientes con un riesgo intermedio-alto y tiene como objetivo
comparar un grupo control (pacientes que recibiran el tratamiento estandar, es
decir, braquiterapia vaginal) con un grupo experimental al que se le aplicaran
diferentes tratamientos en funcién del perfil de riesgo integrado con el perfil
molecular. Las pacientes que se clasifiquen con un riesgo favorable (todas las
POLEmut, asi como las NSMP CTNNB1 wild-type) seguiran controles. Las
pacientes con un riesgo intermedio (NSMP con mutaciéon en CTNNB1 y todas las
MMRd) recibiran braquiterapia vaginal. Por ultimo, las pacientes con un perfil de
riesgo desfavorable (ILV substancial, p53abn o0 >10% de expresion en L1CAM)

recibiran radioterapia externa. Figura 12.

A Stage | endometrial cancer | B

|

Surgery and pathology diagnosis: Stage | HIR endometrial cancer
HIR*

Random assignment Determination of the molecular-integrated risk profilet
2
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Determination of the molecular- [No| y [Ves]
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| cTNB 1 wild type | | CTNNBT mutation J
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£ 4 A
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Figura 12. Protocolo de estudio PORTEC 4a, extraido de (99).

Este ensayo nos permitira confirmar si las pacientes POLEmut de riesgo
intermedio-alto pueden prescindir de todo tratamiento adyuvante, y afinar mas el
tipo de radiacién (externa o braquiterapia) administrada a cada paciente. Sin
embargo, este estudio no permite evaluar el efecto de la quimioterapia adyuvante
basandonos en el perfil molecular.

Por otro lado, el ensayo clinico aleatorizado multicéntrico RAINBO (100) esta

compuesto por cuatro ensayos clinicos, que, como se observa en la Figura 13,
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estudian el efecto de afadir tratamientos dirigidos (Olaparib, Durvalumab,
tratamiento hormonal) al tratamiento adyuvante con quimioterapia, radioterapia,

0 ambas, para los distintos perfiles moleculares.

Chemoradiotherapy

Chemoradiotherapy

— Olaparib
Completely resected A
endometrial cancer (S Radiotherapy
Vs :
: i Radiotherapy
Eligible histotypes: Molecular + Durvalumab
endometrioid, Classification

NSmp
ER+ stage I(LVSI+) /1y Chemoradiotherapy

serous,
clear cell,
un/dedifferentiated,
mixed and

carcinosarcoma

pe)
olf/h Radiotherapy — Progestin
vt

No adjuvant therapy
or de-escalation

Figura 13. Protocolo de estudio RAINBO. Extraido de (100).

1. FUTURAS PERSPECTIVAS DE TRATAMIENTOS
DIRIGIDOS

Como se ha comentado a lo largo de esta tesis, el perfil molecular ha abierto
muchas oportunidades tanto en el diagnostico como en el tratamiento de las
pacientes con cancer de endometrio, aportando un mayor conocimiento de la
historia natural de los tumores lo que, a su vez, permite identificar vias relevantes
para tratamientos dirigidos en adyuvancia y primera linea. Recientemente,
nuevos ensayos han llevado a la identificacion de alteraciones moleculares

susceptibles de ser tratadas dentro de los cuatro grupos moleculares.

Los tumores MMRd producen una gran cantidad de neoantigenos tumorales,
como PD-L1, y presentan una elevada infiltracion de linfocitos (TILs). Esta
caracteristica los hace especialmente sensibles a los tratamientos con
inhibidores de los puntos de control inmunitario (immune checkpoint inhibitors).
En la actualidad hay suficiente evidencia, proveniente de ensayos de fase | a lll,

para recomendar el uso de inmunoterapia en pacientes con cancer de
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endometrio avanzado o recurrente, especialmente en los MMRd, incluyendo
Atezolizumab, Dostarlimab, Durvalumab, Pembrolizumab (con o sin Lenvatinib)

y Tremelimumab.

El ensayo de fase lll NRG-GY018 (101) compard paclitaxel mas carboplatino
combinado con Pembrolizumab versus placebo en 816 pacientes con cancer de
endometrio estadio Ill/IV o con primera recidiva. De estas, 27,6% tenian tumores
MMRd. La adicion de Pembrolizumab aumentd significativamente Ia
supervivencia libre de progresién (HR 0,30, IC 95% 0,19-0,48; p<0,001) en la
poblacién MMRd, y en la poblacion MMRp (HR 0,54, IC 95% 0,41-0,71; p<0,001).
Paralelamente, en el reciente ensayo de fase Ill RUBY (102), 494 pacientes
(23,9% con tumores MMRd) con cancer de endometrio avanzado estadio Ill/IV o
con una primera recidiva fueron randomizadas para recibir carboplatino mas
paclitaxel combinado con Dostarlimab o placebo (cada 3 semanas durante seis
ciclos), seguido de Dostarlimab o placebo (cada 6 semanas durante 3 afios). La
adicion de Dostarlimab aumentd significativamente la supervivencia libre de
progresion (HR 0,28, IC 95% 0,16-0,50; p<0,001) en la poblacién MMRd y en la
poblacién global (HR 0,64, IC 95% 0,50-0,80; p<0,001). En una actualizacién
reciente (103) se anunciaron beneficios estadisticamente significativos en la
supervivencia global en la poblacién general para el ensayo RUBY, lo que hace
que Dostarlimab mas quimioterapia sea el primer régimen de combinacion de
inmunooncologia que muestra un beneficio en la supervivencia global en esta
poblacion de pacientes. Es importante destacar que las recomendaciones mas
recientes del National Comprehensive Cancer Network (NCCN) ya incluyen
Dostarlimab y Pembrolizumab (categoria 1) sobre la base de estos ensayos y
segun sus respectivas poblaciones (104).

Los analisis exploratorios posteriores del ensayo RUBY por clasificacion
molecular (105) se asociaron con una mejora en la supervivencia libre de
progresion y de supervivencia global en el brazo de Dostarlimab mas
carboplatino-paclitaxel en todos los grupos moleculares. La supervivencia libre
de progresion fue de HR=0.31, IC 95% 0.3-0.99) y 0.77, IC 95% 0.55-1.07) para
p53abn y NSMP, respectivamente. Del mismo modo, la supervivencia global

segun el subgrupo molecular se informé de la siguiente manera: HR 0.41, IC
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95% 0.2-0.82) y 0.87, IC 95% 0.56-1.36) en los subgrupos de perfil molecular
p53abn y NSMP, respectivamente.

Hasta un tercio de las pacientes con cancer seroso de endometrio recurrente
tendran receptores HER-2 positivos. La adicién de Trastuzumab al esquema de
carboplatino y paclitaxel mejora la supervivencia libre de progresion y la
supervivencia global en estas mujeres y se considera la opcion de eleccién en
los carcinomas serosos HER-2 positivos (106, 107).

El tratamiento hormonal sigue siendo una opcion para mujeres con tumores
endometrioides avanzados o recurrentes de bajo grado con receptores
hormonales positivos. Desafortunadamente, no hay ensayos de fase Il que
comparen la quimioterapia con la terapia hormonal como tratamiento de primera
linea. Sin embargo, un ensayo clinico reciente ha mostrado mejoras en las tasas
de control de la enfermedad y en la supervivencia libre de progresion para
Letrozol con Palbociclib en comparacion con Letrozol y placebo (108), lo que ha
suscitado el disefio de un ensayo clinico de fase Ill (European Network for
Gynecological Oncological Trials (ENGOT)-en17/ GINECO/EQ132-303) (109).

Los tumores p53abn y NSMP pueden beneficiarse, en segunda linea, de la
combinacion de Pembrolizumab con Lenvatinib, un inhibidor multiquinasa que
actua contra los receptores del factor de crecimiento endotelial vascular (VEGF),
pauta aprobada por la NCCN en 2022 tras la publicacion del estudio KEYNOTE-
146 (110).

Finalmente, el inhibidor de la exportina-1 Selinexor ha mostrado resultados
prometedores en ensayos y ha mejorado la supervivencia libre de progresion en
comparacion con el placebo cuando se utiliza como terapia de mantenimiento,

especialmente en los tumores NSMP (111).
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. HIPOTESIS

|. La afectacion ganglionar al diagnostico varia segun el perfil molecular del
cancer de endometrio.

II. El perfil molecular es una buena herramienta para predecir
preoperatoriamente la presencia de afectacion extrauterina en cancer de
endometrio.

lll. ElI perfil molecular influye en el patron de recidiva del cancer de
endometrio.

IV. El perfil molecular influye en el prondstico y la evolucion de las pacientes

tras presentar una recidiva a distancia.

IV. OBJETIVOS

Analizar la tasa de afectacion ganglionar en los cuatro grupos
moleculares realizando una revision sistematica de la literatura y
metaanalisis de la evidencia actual.

I. Evaluar en nuestra cohorte de pacientes la capacidad del perfil
molecular para predecir preoperatoriamente la presencia de afectacion
extrauterina.

[I. Analizar en nuestra cohorte como varia el patrén de recidiva del cancer
de endometrio segun los cuatro subgrupos moleculares, y evaluar la
capacidad del perfil molecular para predecir la localizacion de las
recidivas.

IV.  Analizar la supervivencia libre de enfermedad y la supervivencia global
después de una recidiva pulmonar, segun los cuatro subgrupos

moleculares del cancer de endometrio.
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VI. DISCUSION

1. TASA DE _AFECTACION GANGLIONAR EN FUNCION DEL
PERFIL MOLECULAR

La presencia de metastasis ganglionares es un factor prondstico clave en cancer
de endometrio y, desde la publicacion del estudio PORTEC-3, determina la
indicacion de quimiorradioterapia adyuvante concomitante (95). Por tanto, una
correcta estadificacidon es esencial para identificar aquellas pacientes con
enfermedad ganglionar que, de no diagnosticarse, verian mermada su

supervivencia.

Como se ha visto en los apartados 4 y 5, los factores preoperatorios disponibles
(histologia y pruebas de imagen) presentan limitaciones para la prediccion de
afectacion ganglionar. La tasa de afectacion ganglionar en estadios iniciales
preoperatorios es, globalmente, alrededor de un 10% (112, 113). Sin embargo,
este porcentaje varia:

En pacientes de bajo riesgo la incidencia clasicamente reportada era de 1%
(112, 113), a pesar de que algunas series describen una incidencia de 11%
cuando la estadificacion se realiza con ganglio centinela (114). De forma similar,
el estudio SENTI-ENDO reporté un 10% de afectacién ganglionar en pacientes
de bajo riesgo (115). El estudio MULTISENT (116) reporta que 22% de las
pacientes con macrometastasis en el ganglio centinela y 50% de las pacientes
con micrometastasis habian sido clasificadas como pacientes de bajo riesgo de
afectacion ganglionar segun sus caracteristicas preoperatorias. Por tanto, un
porcentaje importante de pacientes de bajo riesgo preoperatorio presentan
afectacion ganglionar, con el riesgo de infra-estadificacion y por tanto de infra-
tratamiento que conlleva.

En pacientes de alto riesgo, la tasa de afectacion ganglionar es del 20-30% (3,
113, 117). Por lo tanto, aproximadamente el 70-80% de las pacientes se habran
sometido a una linfadenectomia pélvica y aortica innecesarias, recibiendo un

sobretratamiento con importante morbilidad asociada.
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La variabilidad en la prediccién preoperatoria de afectacion ganglionar subraya
la necesidad de mejorar la estimacion del riesgo antes de la cirugia. El perfil
molecular es una herramienta prometedora para este fin, gracias a su alta
concordancia entre observadores y entre la biopsia prequirurgica y la pieza de
histerectomia (42, 43), lo que podria mejorar la clasificacion preoperatoria de las

pacientes y reducir tanto el sobretratamiento como el infratratamiento quirurgico.

En primer lugar, realizamos una revision sistematica y un metaanalisis con el
objetivo de evaluar la tasa de afectacion ganglionar reportada en la literatura en
pacientes con cancer de endometrio en funcidén de la clasificacion molecular.
Como objetivos secundarios, quisimos analizar la distribucion de los factores
histopatoldgicos clasicos (histologia, grado, ILV, estadio FIGO 2009) en cada
subgrupo molecular.

Se incluyeron 15 estudios que reportaban la tasa de afectacién ganglionar en
funcion de los cuatro grupos moleculares segun el algoritmo transPORTEC (41),
que es el recomendado en la actualidad en las guias clinicas.

En nuestro metaanalisis se reportd la tasa de afectacion ganglionar en dos
escenarios: en la cohorte general, que incluia todas las pacientes operadas tanto
con estudio ganglionar como sin él, y un analisis incluyendo unicamente las
pacientes con estadificacion ganglionar. Como se ha mencionado, antes de la
implementacion de la técnica del ganglio centinela, la mayoria de las pacientes
de bajo riesgo no recibian ningun procedimiento de estadificacion ganglionar,
siendo tratadas exclusivamente con histerectomia y anexectomia. Esto puede
ser una fuente de sesgo, sobreestimando la afectacion ganglionar al considerar
unicamente las pacientes estadificadas (y por tanto, de alto riesgo), o
subestimando al considerar también a las pacientes de bajo riesgo no
estadificadas (entre las cuales puede haber un 10-15% de afectacidon
ganglionar). A lo largo de este apartado, nos referiremos a las tasas de
afectacion ganglionar en la totalidad de la cohorte, esto es, incluyendo las
pacientes estadificadas y las no estadificadas.
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1.1. Caracteristicas clinicopatoldégicas de los distintos grupos
moleculares

En nuestro metaanalisis las pacientes con tumores p53abn presentaron las
caracteristicas clinicopatoldgicas mas desfavorables: dos tercios de los tumores
eran de alto grado, la mitad eran de histologia serosa y presentaban ILV, y
alrededor de 40% de las pacientes se diagnosticaron en estadios avanzados (lll-
IV). Por otro lado, la mayoria de las pacientes POLEmut tenian tumores
endometrioides (82%) y fueron diagnosticadas en estadios tempranos (88% en
estadio I). El 42% de los tumores fueron de alto grado y el 30% presentaban ILV.
Los tumores MMRd presentaban caracteristicas histopatologicas similares a los
POLEmut: alta prevalencia de tumores de alto grado, histologia endometroide
predominantemente y hasta un 40% de ILV. Ademas, como los tumores
POLEmut, son tumores muy inmunogénicos, con abundancia de TILs (118-119).
Por ultimo, los tumores NSMP presentaban las caracteristicas clinicopatolégicas
mas favorables: el 90% eran tumores endometrioides de bajo grado y 80% se
diagnosticaron en estadios iniciales. Todos estos hallazgos se corresponden con
lo reportado en estudios previos (32-41) y en un metaanalisis realizado con los
grupos moleculares segun la clasificacion ProMiskE (120).

1.2. Afectacidn ganglionar en tumores p53abn

Para facilitar la lectura, en la Tabla 8 se encuentran resumidos los datos de
afectacion ganglionar en funcion del perfil molecular de los principales estudios
que se mencionan en los siguientes apartados.

Al metaanalizar los datos de los estudios seleccionados hallamos que la tasa de
metastasis ganglionares en las pacientes con tumores p53abn fue de 31% (95%
Cl: 24-39%), parecida a la reportada en el metaanalisis publicado por Raffone et
al (23.7%) (120), pero significativamente menor a la reportada en el estudio de
Jamieson et al (121), en el que casi el 50% de las pacientes presentaba
enfermedad ganglionar. Este estudio (121) analizo retrospectivamente la tasa de
metastasis ganglionares de 172 pacientes con cancer de endometrio en funcién
de su perfil molecular. Todas las pacientes se sometieron a una linfadenectomia
pélvica y adrtica y en 86% de las pacientes se realizé también una BSGC. Los

tumores con mayores tasas de afectacion ganglionar fueron los p53abn (44.8%),
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seguidos de MMRd (14.9%), POLEmut (14.2%) y por ultimo NSMP (10.8%). La
alta tasa de enfermedad ganglionar detectada en este estudio puede deberse al
amplio uso de ganglio centinela y ultrastaging, que aumenta la deteccién de la
enfermedad de bajo volumen que puede no ser diagnosticada con el estudio
anatomopatoldgico convencional (122-124). Por el contrario, en nuestro
metaanalisis s6lo dos estudios realizaron la técnica de ganglio centinela para la
estadificacion ganglionar (121, 125) y solo el estudio de Jamieson reportd la
proporcion de macrometastasis, micrometastasis y células tumorales aisladas.
Recientemente se ha publicado el primer estudio prospectivo (PROME) (126)
que analiza la afectacién ganglionar en funcién del perfil molecular. Este estudio
reune una cohorte de 210 pacientes con estadio | preoperatorio que se
estadificaron mediante BSGC. Sorprendentemente, la tasa de metastasis
ganglionares en el grupo p53abn fue muy inferior (16.6%) a la reportada en
nuestro metaanalisis y en el estudio de Jamieson. De hecho, en este estudio los
tumores p53abn fueron los que presentaron la menor tasa de enfermedad
ganglionar. Los autores no explican a qué atribuyen este hallazgo, y no hay
ningun motivo que parezca justificar esta discordancia con los datos reportados
previamente. Este estudio se ha publicado en los ultimos meses y por tanto no
fue incluido en nuestro metaanalisis.

La alta tasa de afectacion de los tumores p53abn hallada en nuestro metaanalisis
subraya la necesidad de realizar un buen estadiaje ganglionar,
independientemente de otros factores clasicos. Publicaciones previas
demuestran que, aunque es un fendmeno poco frecuente, la mayoria de los
falsos negativos de la BSGC y de metastasis aorticas aisladas se hallaban en
tumores no-endometrioides (127, 128), y, actualmente, sabemos que la mayoria
de estos tumores se clasifican en el grupo p53abn.

1.3. Afectacion ganglionar en tumores POLEmut

En nuestro estudio, las pacientes con mutacion POLE presentaron la tasa mas
baja de metastasis ganglionares (4%), lo cual concuerda con el excelente
prondstico de este grupo (32-41). De los estudios incluidos, cuatro reportaron
tasas de metastasis ganglionares del 0% (34, 35, 129, 130), y el resto de entre
5% y 14%. Los dos estudios que describieron las tasas mas altas de metastasis
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ganglionares son los unicos en los que se realizo BSGC ademas de la
linfadenectomia convencional. De la misma forma, el estudio PROME, en el que
todas las pacientes se estadificaron mediante BSGC, reportd las tasas de
afectacion ganglionar mas altas (20%), muy discordantes con lo publicado
previamente. De nuevo, los autores no justifican esta discordancia con toda la
literatura publicada previamente. La baja tasa de enfermedad nodal hallada en
nuestro metaanalisis contrasta con la alta prevalencia de tumores de alto grado
y con ILV, ambos factores de riesgo reconocidos para la presencia de afectacion
ganglionar. Estos resultados podrian sugerir que la presencia de una mutacién
en POLE puede ser mas determinante en si misma que otros factores
histopatoldgicos para el desarrollo de metastasis ganglionares. Esta informacién
respalda la recomendacién actual de considerar los tumores POLEmut en
estadios I-Il como tumores de bajo riesgo con la posibilidad de desescalar el
tratamiento adyuvante, independientemente de otros factores de riesgo. Sin
embargo, debe tenerse en cuenta que el estudio post-hoc del ensayo PORTEC-
3 no incluy6 pacientes POLEmut en estadio lll, por lo que, en estas pacientes, la
desescalada de tratamiento no estaria justificada con la evidencia disponible
actualmente. Por tanto, a pesar de la baja tasa de metastasis ganglionares, el
estadiaje quirurgico sigue siendo necesario en este grupo, ya que la presencia
de compromiso ganglionar implicaria un cambio en el tratamiento adyuvante

hasta que se emitan nuevas recomendaciones.

1.4. Afectacidn ganglionar en tumores NSMP

Los tumores NSMP presentaban las caracteristicas clinicopatoloégicas mas
favorables, por o que muchos de los casos incluidos no recibieron evaluacion
ganglionar. Como resultado, la prevalencia de metastasis ganglionares en la
cohorte general (menor al 10%) probablemente subestima la afectacion real, y la
prevalencia sobre la poblacién que recibié estadiaje ganglionar probablemente
la sobreestima (22%). Esto puede deberse a que las pacientes estadificadas
presentaban factores de alto riesgo que, a su vez, aumentaban la probabilidad
de afectacion. De hecho, la tasa mas alta de todos los estudios incluidos es de
27% en el estudio de Leon-Castillo (131), que sdlo incluia pacientes de alto
riesgo, seguidamente de 18% en el estudio de Kim (129), que sdlo incluia
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pacientes con carcinomas de células claras. Por el contrario, los estudios que
incluian todo tipo de poblaciones reportan tasas de afectacion mucho menores,
de 5-10%. En el estudio PROME la tasa ascendio a 19.8% a pesar de incluir todo
tipo de pacientes y de que la mayoria de ellas cumplian criterios de bajo riesgo.
Esta variabilidad en la tasa de afectacion ganglionar sugiere que, contrariamente
a lo reportado para los tumores p53abn y los POLEmut, los factores
histopatoldgicos clasicos siguen jugando un papel importante en los tumores
NSMP. A diferencia de los otros tres grupos moleculares, que se definen por
alteraciones genéticas especificas que determinan su comportamiento, este
subgrupo molecular se caracteriza por exclusion. No responde a un unico patrén
genético, sino que agrupa diversas alteraciones moleculares y comportamientos
heterogéneos. Como se vera mas adelante, existen diversas lineas de
investigacion para subclasificar estos tumores en nuevos grupos moleculares
(132, 133).

1.5. Afectacion ganglionar en tumores MMRd

El grupo de pacientes MMRd presenté un comportamiento similar al de NSMP.
La tasa de afectacion ganglionar fue del 15% en el analisis de poblacion general
y del 23% al seleccionar sélo a las pacientes que recibieron estadificacion
ganglionar. Esta tasa de afectacion se asemeja a la reportada en los estudios de
Jamieson (14.9%) y en el estudio PROME (21%), en el que la inmensa mayoria
de las pacientes se estadificaron mediante BSGC (86% y 100%,
respectivamente). Al igual que los tumores NSMP, este grupo molecular
presenta un pronostico heterogéneo e intermedio, que probablemente se vea
influido por otras caracteristicas histologicas. Catalogados dentro del grupo
comun “MMRJ” existen otros subgrupos con caracteristicas y pronostico
diferente. El estudio de Crosgrove et al (134) demostr6 una mayor tasa de
afectacion ganglionar en los tumores con hipermetilacion del promotor MLH1
respecto a los que no la presentaban. Estos hallazgos pueden justificar la
heterogeneidad clinicopatolégica de este subgrupo molecular y, en un futuro,
establecer nuevos subgrupos moleculares que puedan beneficiarse de

tratamientos mas dirigidos.
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1.6. Limitaciones v fortalezas del estudio

La naturaleza retrospectiva de la mayoria de las series incluidas en este
metaanalisis explica en parte la heterogeneidad moderada y alta encontrada
entre los estudios. La variabilidad entre estudios respecto a la tasa de pacientes
estadificadas, y al método de estadificacion, afiade otro grado de heterogeneidad
que, sin duda, puede dificultar la extrapolacion de los datos. Para intentar mitigar
estas limitaciones, se analiz6 la tasa de afectacion ganglionar en la cohorte
general y en las pacientes estadificadas, y se ha detallado para cada estudio el
meétodo de estadificacion (linfadenectomia, BSGC, o ambas) y la N de pacientes
que la recibieron. El alto numero de estudios incluidos en este metaanalisis ha
permitido incorporar un gran numero de pacientes POLEmut, necesario para
estudiar la tasa de afectacién ganglionar en este grupo. Ademas, este es el unico
metaanalisis que evalua la tasa de afectacion ganglionar siguiendo la
clasificacion transPORTEC, que es la recomendada en la actualidad.

1.7. Conclusion

Los cuatro grupos moleculares muestran diferentes tasas de afectacion
ganglionar. Los tumores p53abn presentan las tasas mas altas, seguidos por los
tumores MMRd, los NSMP y, con las tasas mas bajas, los tumores POLEmut."
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%  pacientes | Poblacion % LNM P53abn % LNM POLEmut | % LNM NSMP % LNM MMRd
estadificadas (total / estadificadas) | (total / estadificadas) | (total / estadificadas) (total/estadificadas)
por BSGC

Luzarrag | 7.4% Todo tipo CE 26% / 31% 2% 1 4% 9% / 22% 15% 1/ 23%

a et al

(2023)

Raffone No reportado Todo tipo CE 23.7% 0% 4.3% 9.9%

et al

(2020)

Jamieson | 86% Todo tipo CE 44.8% 14.2% 10.8% 14.9%

et al

(2022)

PROME | 100% Todo tipo CE 16.6% 20% 19.8% 21%

(2024)

Tabla 8. Caracteristicas de los principales estudios que reportan la tasa de afectacion ganglionar. BSGC=biopsia selectiva del ganglio centinela;
LNM=Ilymph node metastasis; CE=cancer endometrio.
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2. CAPACIDAD DEL PERFIL MOLECULAR PARA LA PREDICCION
PREOPERATORIA DE AFECTACION GANGLIONAR

En el apartado previo y tras el analisis del primer articulo de la tesis hemos sido
capaces de concluir que la tasa de afectacidn ganglionar es distinta para cada

subgrupo molecular.

En este segundo objetivo, se evaluara la capacidad del perfil molecular como
herramienta predictiva preoperatoria para identificar la presencia de afectacion

extrauterina.

Para ello hemos realizado un estudio retrospectivo en el que se incluyeron 658
pacientes diagnosticadas de cancer de endometrio (estadio I-IVB FIGO 2009)
entre Diciembre de 1994 y Mayo de 2022 en el Hospital Universitari de la Vall
d’Hebron, todas ellas sometidas a tratamiento quirurgico primario y con el perfil

molecular completo.

El primer hallazgo de nuestro estudio revela una distribucion desigual de los
estadios avanzados (FIGO 2009 IlI-IV) tras la cirugia entre los cuatro subgrupos
moleculares. En conjunto, el 11,7% de las pacientes fueron diagnosticadas con
enfermedad en estadios avanzados postoperatorios. La mayor proporcion
correspondio a los tumores p53abn (34,1%), seguidos por los NSMP (10,4%),
los MMRd (7,4%) y, en ultimo lugar, los POLEmut (2,1%) (p < 0,001). Estos
resultados son coherentes con los obtenidos en nuestro metaanalisis, asi como
con las series previamente publicadas (32—41), en las que los tumores p53abn
se asocian con mayor frecuencia a estadios avanzados, mientras que los

tumores POLEmut se detectan predominantemente en estadios iniciales.

2.1. Capacidad predictiva preoperatoria del perfil molecular

A pesar de toda la informacion preoperatoria disponible, se calcula que el riesgo
de infradiagnosticar enfermedad extrauterina considerando unicamente la
histologia y las pruebas de imagen preoperatorias es de 32%, y el riesgo de
sobreestimarla de 7% (135). Por ello, hay un creciente interés en evaluar en qué
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medida el perfil molecular podria ayudarnos a predecir preoperatoriamente la
presencia de estadios avanzados, con el objetivo de adecuar asi la cirugia.

En nuestro estudio se realiz6 un analisis uni y multivariante incluyendo todos los
factores que se consideran preoperatoriamente (histologia, grado tumoral,
pruebas de imagen) y afadiendo el perfil molecular. En el analisis univariante,
todos los factores presentaron asociacion significativa. Sin embargo, en el
analisis multivariante, y por tanto eliminando factores confusores, solamente la
prueba de imagen preoperatoria (aOR 24.2, Cl 95%12.2-48.2, p<0.001) y el
subgrupo molecular p53abn (aOR 16.0, Cl 95% 1.5-165.1, p=0.02) se
asociaron de forma independiente al hallazgo de enfermedad extrauterina tras

cirugia primaria.

El papel del perfil molecular para predecir de forma independiente la afectacion
ganglionar ha sido estudiado unicamente en dos estudios mas: el de Jamieson
et al (121) y el estudio PROME (126), con resultados contradictorios. En el
analisis multivariable del estudio de Jamieson, los unicos factores asociados de
forma independiente a las metastasis ganglionares fueron el subtipo molecular
y el nivel preoperatorio de Ca 125 (p=0.021 y p=0.022 respectivamente),
mientras que el grado y la histologia preoperatoria no lo fueron (p=0.24). Por el
contrario, en el analisis multivariable del estudio PROME los unicos factores
asociados independientemente con la afectacion ganglionar fueron la invasién
miometrial profunda (OR 3.318, 95% CI 1.357-8.150, p=0.009), y la ILV (OR
6.584, 95% CIl 2.663-16.279, p<0.001). El perfil molecular no presentd
asociacion. Como rasgo diferencial del estudio PROME, se puede destacar que
so6lo se incluyeron pacientes con estadio | preoperatorio (quedando excluidos por
tanto estadios Il y avanzados). En cambio, tanto en nuestro estudio como en el
de Jamieson, se incluyeron tanto los estadios iniciales como avanzados en el
analisis. Ademas, en el estudio PROME se excluyeron del analisis aquellos
casos en los que intraoperatoriamente se detectaron ganglios bulky o
enfermedad peritoneal, siendo este escenario mas frecuente en los tumores
p53abn, lo que probablemente ha subestimado la capacidad de prediccién de
enfermedad extrauterina de este subgrupo molecular. Estos datos quedan
resumidos en la Tabla 9.
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Disefio Método de | Poblacion N Variables incluidas | Variables significativas
estadificacion incluida en analisis
PROME | Prospectivo BSGC: 100% Estadio 1210 Histologia, @ Grado, | IM > 50% (OR 3.32, 95% CI 1.36-8.15)
(2024) preoperatorio Invasion miometrial, | ILV (OR 6.58, 95% CIl 2.66-16.28)
ILV, Edad, IMC,
Infiltracion
anejos/serosa, peffil
molecular
Jamieson | Retrospectivo | BSGC: 86% Estadios I-IV | 172 Histologia, grado, | Ca 125 (aHR 5.59, 95% Cl 2.44-12.81)
et al Linfadenectomia | preoperatorios Ca125, perfil | P53abn (aHR 4.88, 95% CI 1.17-20.26)
(2022) : 100% molecular
Cabrera | Retrospectivo | BSGC: 23.3% Estadios [-IV | 658 Histologia, grado, | Imagen pre (aOR 24.2, 95% Cl 12.2-48.2)
et al Linfadenectomia | preoperatorios imagen P53abn (aOR 16, 95% CIl 1.5-165.1)
(2024) pélvica: 72% preoperatoria, perfil
Linfadenectomia molecular

aortica: 39%

Tabla 9. Resumen de los tres estudios que evaluan la capacidad predictiva preoperatoria del perfil molecular para enfermedad extrauterina.
IM>50%=Invasion miometrial > 50%; ILV=invasion linfovascular; BSGC=biopsia selectiva de ganglio centinela.
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2.2. Desarrollo de un modelo para la prediccion preoperatoria de
enfermedad extrauterina oculta en tumores en estadio inicial

preoperatorio

Para abordar este segundo objetivo del estudio, se incluyeron unicamente las
pacientes con enfermedad en estadio inicial en la evaluacién preoperatoria (n =
537; 81,6% de la cohorte total). De estas, se seleccionaron 366 pacientes que
contaban con informacion preoperatoria completa y detallada. Entre los
diferentes modelos evaluados, el que mostro la mayor capacidad predictiva fue
el que integraba los hallazgos de imagen con el perfil molecular preoperatorio.
Para su desarrollo, se emplearon arboles de decision tipo CART (Classification

and Regression Trees).

Segun este modelo, el primer paso es evaluar la presencia de invasion
miometrial > 50% o invasion cervical preoperatoria. Si estos parametros son
negativos, el riesgo de afectacidn ganglionar o extrauterina es muy bajo. En caso
de que uno de estos factores esté presente, el siguiente paso es la evaluacidn
del perfil molecular. Las pacientes con mayor riesgo de afectacién son aquellas
que, ademas, tienen tumores p53abn (OR 6.46 (2.06-20.32) para enfermedad
extrauterina y OR 7.28 (1.67-31.80) para afectacion ganglionar).

Este es el primer y unico estudio que desarrolla un modelo para identificar
pacientes con enfermedad extrauterina preoperatoriamente teniendo en
consideracion el perfil molecular. Existen otros modelos con el mismo objetivo,
pero sin involucrar el perfil molecular. Dos de los mas conocidos son el ENDO-
RISK (136-137) y el modelo desarrollado por The Korean Gynecologic Oncology
Group (KGOG) (138-139). El modelo ENDO-RISK incluia unicamente variables
preoperatorias (Ca 125, grado tumoral, receptores hormonales, p53, L1CAM,
adenomegalias en las pruebas de imagen, trombocitosis o células atipicas en la
citologia cervical). Con estos parametros consiguieron un AUC de 0.82 (95% CI
0.76-0.88). Por otro lado, el modelo desarrollado por KGOG incluia unicamente
el nivel de Ca125 y la RMN, alcanzando un AUC de 0.89 (95% CI 0.82-0.95).

2.3. Conclusion

La combinacion del perfil molecular y las pruebas de imagen preoperatorias
muestran la mayor capacidad predictiva de la presencia de enfermedad
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extrauterina, por encima de otros factores clasicos como la histologia o el grado

tumoral.

3. VALOR PREDICTIVO DEL PERFIL MOLECULAR EN LA
DETERMINACION DEL PATRON DE RECIDIVA

En los dos apartados previos hemos analizado la tasa de afectacién ganglionar
de cada subgrupo molecular mediante un metaanalisis que permite englobar y
resumir la evidencia disponible hasta el momento. También hemos analizado la
capacidad del perfil molecular para predecir preoperatoriamente la afectaciéon
extrauterina. El siguiente objetivo analizara la capacidad del perfil molecular para
la prediccion del patron de recidiva mediante el analisis de la misma cohorte de
pacientes.

Aproximadamente el 15-20% de las pacientes con cancer de endometrio
experimentara una recaida de su enfermedad, con una supervivencia media que
oscila entre los 10 y 21 meses en funcidn de las series (140-142). El prondstico
tras la recidiva depende en gran parte del patron de recidiva. La supervivencia
es generalmente peor en recidivas a distancia, peritoneales o multiples, en
comparacion con la recaida locorregional u oligometastasica, tributarias de
recibir tratamientos locales (140, 143, 144). Comprender los factores que
influyen en el patrén de recidiva es esencial para optimizar el manejo y el

seguimiento de las pacientes.

Las caracteristicas histopatologicas tradicionales como el tipo histologico, el
grado, el estadio FIGO y la ILV se han asociado a diferentes localizaciones de
recidiva en estudios previos. Concretamente, la recidiva a distancia se asocia a
tumores de alto grado e histologias no-endometrioides (143, 145, 146), estadios
FIGO avanzados (146) e ILV positiva (148-150). La recidiva ganglionar se
relaciona con la ILV y la enfermedad ganglionar en el momento del diagndstico
(148-150), y la recaida peritoneal con histologias no-endometrioides (149).

Planteamos la hipotesis de que el perfil molecular podria ser una herramienta util
para predecir el patrén de recidiva. Hasta el momento, la capacidad de la
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clasificacion molecular para anticipar dicho patrén no ha sido estudiada ni se
encuentra establecida. En este contexto, el tercer objetivo de esta tesis es
describir los patrones de recaida segun el perfil molecular y evaluar su valor
predictivo.

3.1. Principales hallazgos de nuestro estudio

Se realizdé un estudio retrospectivo sobre la misma cohorte de pacientes que se
ha detallado en el apartado 2.

Las caracteristicas clinicopatolégicas de cada grupo molecular fueron similares
a las reportadas en nuestro metaanalisis, con alguna variacion: el porcentaje de
histologia no-endometrioide en tumores p53abn fue superior en este estudio
(83.2%) y los tumores MMRd presentaban una menor tasa de ILV (20.9%) que
la reportada en el metaanalisis.

En nuestra cohorte, el 18.5% de las pacientes presentd una recidiva, una
proporcion acorde con lo descrito en estudios previos (140, 141). Al desglosar
los datos segun el perfil molecular, se observo que la mayor tasa de recaidas
correspondié al grupo p53abn (53.7%), seguido de los subgrupos NSMP
(14.5%), MMRd (12.4%) y, finalmente, POLEmut (2.1%). En este ultimo grupo se
produjo una unica recidiva paraaortica aislada.

Hasta la fecha, solo se han publicado dos estudios que analizan el patrén de
recaida en funcion del perfil molecular (151, 152), uno de ellos anterior y otro
posterior a nuestro trabajo. El primer estudio (151) incluy6 594 pacientes, de las
cuales 101 presentaron recidiva. De forma similar a nuestros resultados, las
pacientes con tumores p53abn mostraron la mayor proporcidn de recurrencias
(34.9%), aunque en una frecuencia menor a la observada en nuestra cohorte.
Les siguieron las pacientes con tumores MMRd (16.5%), NSMP (13.2%) y
POLEmut (5.2%).

En cuanto al patrén de recaida, en nuestro estudio los tumores p53abn tendieron
a recurrir principalmente a distancia y a nivel peritoneal; los NSMP lo hicieron a

distancia, mientras que los MMRd lo hicieron preferentemente a nivel
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locorregional. Estos resultados coinciden con los hallazgos del estudio de
Siegenthaler (151), lo que sugiere una posible consistencia en los patrones de

recaida segun el perfil molecular.

Por el contrario, el segundo estudio (152) arrojo resultados distintos tanto a los
nuestros como a los del grupo de Siegenthaler. Este trabajo incluy6é unicamente
tumores endometrioides metastasicos al diagndstico o que habian presentado
recaida. La distribucion molecular en esa cohorte fue de 6% POLEmut, 32%
MMRd, 11% p53abn y 50% NSMP. En este analisis no se encontraron
diferencias estadisticamente significativas en cuanto a la localizacion de la

recidiva entre los distintos subgrupos moleculares.

Nuestros hallazgos sugieren, ademas, que el perfil molecular es un predictor
independiente para la recidiva vaginal, peritoneal, y a distancia, y sin impacto en
la recaida pélvica y ganglionar. El grupo p53abn fue el unico predictor
independiente de recidiva peritoneal y, junto a NSMP, un buen predictor de

recidiva a distancia.

3.2. Analisis de los tumores p53abn

3.2.1. Patron y capacidad predictiva de recidiva en tumores p53abn

El mal prondstico de las pacientes con tumores p53abn podria atribuirse a la alta
tasa de recidivas peritoneales y a distancia, las cuales se asocian a una peor
supervivencia (140, 141, 148). Sin embargo, Siegenthaler et al describié que el
pronostico de los tumores p53abn era independiente de la localizacién de la
recaida, resaltando el papel prondstico independiente del perfil molecular (151).
En nuestro estudio, el grupo p53abn fue el unico factor de riesgo independiente
para la recaida peritoneal, mientras que la histologia no-endometrioide y otros
factores histopatologicos clasicamente asociados con la enfermedad peritoneal
(147, 153) no mostraron una asociacion independiente. Estos hallazgos sugieren
que el grupo p53abn es el unico factor determinante para la recidiva peritoneal,
exhibiendo un comportamiento biologico similar al del cancer ovarico seroso de

alto grado, que frecuentemente presenta mutaciones en p53 (154).
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3.2.2. Papel del tratamiento adyuvante en tumores p53abn

La mayoria de las recidivas sucedieron a distancia y a nivel peritoneal, pero no
debemos pasar por alto que un 14% de las pacientes experimentaron una
recaida ganglionar, lo que indica que el papel de la radioterapia sigue siendo
importante en estas pacientes. Los tumores p53abn con déficit en la
recombinacién homéloga son incapaces de reparar el dafo de doble cadena
inducido por la radioterapia, lo que se traduce en una mayor radiosensibilidad
(155-157). Como se demostré en el analisis post-hoc del PORTEC-3, estas
pacientes obtienen el mayor beneficio prondstico al realizar un tratamiento
concomitante con radioquimioterapia, y parece que este beneficio podria
extenderse incluso a tumores p53abn sin invasién miometrial. Un estudio
recientemente publicado por Jamieson et al (158) centrado en pacientes con
tumores p53abn en estadio |IA y especificamente sin invasion del miometrio
proporciona nueva evidencia sobre el tratamiento adyuvante en este escenario.
A pesar de encontrarse en estadios muy iniciales y sin infiltracién del miometrio,
la tasa de recidiva de estas pacientes sigue siendo alta (16%). Sin embargo, en
pacientes que recibieron tratamiento con quimiorradioterapia, la tasa de recidivas
fue menor (8%). El 89% de las recidivas fueron a distancia, y de estas, todas
excepto una ocurrieron en pacientes que no habian recibido tratamiento con

quimioterapia.

3.3. Analisis de los tumores NSMP

3.3.1. Patron y capacidad predictiva de recidiva en tumores NSMP

A pesar de presentar unas caracteristicas clinicopatologicas excelentes, los
tumores NSMP presentaron predominantemente recidivas a distancia. Ademas,
junto a los tumores p53abn, el grupo NSMP fue un factor predictor independiente
de recaida a distancia. Estos hallazgos son consistentes con los publicados por
Stello et al (37), que reportaron un 39% de recidivas a distancia, y con los de
Siegenthaler et al (151).
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3.3.2. Papel del tratamiento adyuvante en tumores NSMP

En nuestro estudio, el 64% de las pacientes recibieron tratamiento adyuvante,
predominantemente con radioterapia externa (42.2%) y braquiterapia (37.9%).
Esta alta tasa de tratamiento con radioterapia podria ser la causa de la baja tasa
de recidivas locorregionales halladas en nuestra cohorte en los tumores NSMP.
La publicacion reciente de los resultados preliminares del subanalisis de
GOG258 ha demostrado que el grupo NSMP es el unico en beneficiarse de
anadir radioterapia a la quimioterapia (HR 0.54, 95% CI 0.32-0.94 para SLE)
en tumores de alto riesgo (estadios Ill, IVA o histologias no-endometrioides).
El papel de la radioterapia en pacientes de riesgo intermedio-alto con tumores
NSMP y MMRd se estudiara en el ensayo clinico randomizado PETREC (159)
que se prevé que acabe su reclutamiento en 2025. Sin embargo, parece que las
nuevas lineas de investigacién en este subgrupo molecular van mas dirigidas al
papel del tratamiento hormonal y a la identificacion de nuevos marcadores, dada
la marcada heterogeneidad de este tipo de tumores.

Nuevos factores moleculares como la presencia de mutaciéon en L1CAM,
ARID1A, o la ausencia de receptores de estrogeno se han descrito como
predictores de peor pronostico (160-164). El estudio de Kommoss et al (160)
demostro que los tumores NSMP con mutacién en L1CAM presentaban un peor
prondstico (p<0.0001), y que L1CAM era un predictor independiente de peor SLE
(p=0.035). De forma similar, la presencia de mutacion en ARID1A se asocia a
un mayor riesgo de recidiva (37.5% vs 12.5%, OR 4.20, 95% CI 1.28-13.80,
p=0.018) y peor SLE (HR 3.96, 95% CI 1.41-11.15, p=0.009) (164).

Por ultimo, el papel de los receptores de estrégenos (RE) ha sido analizado
por diversas cohortes (161-163). Vermij et al (161) demostré que los tumores
NSMP de alto riesgo con RE positivos estaban independientemente asociados a
un menor riesgo de recaida (HR 0.33, 95% CI 0.15-0.75). Por el contrario, los
tumores con RE negativos presentaban un prondstico mucho peor (SLE a los 5
afnos de 45.3% vs 80.9%, p<0.001), incluso inferior al de los tumores p53abn. En
este articulo se propone una nueva clasificacion molecular en la que los tumores

NSMP deberian dividirse en funciéon del estatus de sus RE.
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El estudio de Jamieson et al (162) establece un grupo de muy bajo riesgo de
recidiva compuesto por tumores NSMP de bajo grado y RE positivos, con una
tasa de muerte especifica de enfermedad a los 5 afos de 1.6%. Ademas, el
estudio de Perrone et al (163) demostrd que la ausencia de RE tiene un impacto
pronostico negativo independientemente de la clasificacion de riesgo y del
estatus p53/MMR. Por lo tanto, es posible que en un futuro proximo el estatus de
los RE se tenga en consideracion como un subgrupo molecular adicional que

permita dirigir mejor las terapias.

3.4. Analisis de los tumores MMRd

3.4.1. Patrén de recidiva y capacidad predictiva en tumores MMRd

Nuestro estudio también revel6 que, a pesar de que casi el 50% de las pacientes
con tumores MMRd recibieron radioterapia externa y 30% braquiterapia, la
mayoria de las recidivas fueron locorregionales (vaginales, pélvicas y nodales).
Este dato coincide con el articulo de Kim et al (165), en el que los tumores MMRd
recurrian predominantemente a nivel retroperitoneal. Por el contrario, el estudio
de Stello et al (38) reporta un riesgo bajo de recidiva locorregional en este grupo

de tumores.

3.4.2. Papel del tratamiento adyuvante en tumores MMRd

En el estudio post-hoc de PORTEC-1 y PORTEC-2 no se evidencidé beneficio
de la radioterapia o braquiterapia en las pacientes con tumores MMRd de
riesgo intermedio e intermedio-alto: la supervivencia libre de recidiva
locorregional fue de 94.2% con radioterapia externa, 94.2% con braquiterapia, y
90.3% sin tratamiento adyuvante (p=0.74). Del mismo modo, en pacientes de
alto riesgo, el subanalisis de GOG258 no hallé beneficio al anadir
radioterapia a la quimioterapia (97). Esto podria ser debido a que los tumores
MMRd tienen un sistema de reparacion defectuoso, que suele activarse por
roturas de cadena simple inducidas por la radioterapia (166). Esta escasa

radiosensibilidad podria ser una de las causas de la mayor tendencia de
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recidivas locorregionales de estos tumores, por lo que la adyuvancia con
radioterapia podria reconsiderarse en un futuro gracias a estudios en marcha
como el ensayo clinico PETREC (159) mencionado previamente. Por el
contrario, cada vez mas evidencia demuestra que, en estadios avanzados (lll-
IV) y en recaidas, la inmunoterapia tiene un papel fundamental en los tumores
MMRd.

3.5. Analisis de los tumores POLEmut

En el grupo de tumores POLEmut solo se report6 una recidiva ganglionar aértica
aislada tratada localmente, y libre de enfermedad al final del seguimiento. Esta
baja tasa de recidiva, junto con el excelente prondstico posterior a la recaida
concuerda con los resultados del metaanalisis publicado por McAlpine et al (167),
que evalud a 294 pacientes con tumores POLEmut, describiendo solo 11 casos
(3.7%) de recidiva, de los cuales 8 (72.7%) permanecieron vivas y sin
enfermedad tras el tratamiento. Teniendo en cuenta la baja tasa de recidivas y
el buen prondstico de este grupo molecular, parece razonable una desescalada
del tratamiento adyuvante para evitar toxicidades sin comprometer la
supervivencia, de acuerdo con las recomendaciones actuales (10). Esta
estrategia se podra validar pronto con la publicacién de los resultados de
RAINBO y PORTECA4a.

3.6. Numero de recidivas simultaneas y perfil molecular

Por ultimo, en nuestro estudio no hallamos diferencias en el numero de recaidas
simultaneas entre los cuatro grupos moleculares. La recaida unica fue el patrén
mas frecuente (aproximadamente en dos tercios de las pacientes)
independientemente del perfil molecular. Estos resultados son similares a los
publicados por Bricou et al (141). Por el contrario, el estudio de Siegenthaler et
al (151) reporto diferencias (aunque no estadisticamente significativas) entre los
subgrupos: las pacientes p53abn fueron las que presentaron mayores tasas de
recidiva multiple (40%) comparado con las pacientes NSMP (28%) y las MMRd
(21%), p=0.057.
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3.7. Limitaciones v fortalezas del estudio

El largo periodo de seguimiento de nuestro estudio (mediana: 5.3 afios (2.0-9.4)
y la amplia cohorte estudiada nos permite extraer conclusiones sdlidas respecto
al patrén de recaidas y al pronostico de los cuatro grupos moleculares. Sin
embargo, el caracter retrospectivo del estudio plantea limitaciones que deben
tenerse en cuenta. Los cambios en el tratamiento a lo largo del tiempo pueden
haber influido en los patrones de recidiva. Ademas, el perfil molecular se realizé
indistintamente en la biopsia preoperatoria 0 en la pieza de histerectomia. Esta
ultima no deberia ser una limitacion relevante puesto que multiples estudios han
demostrado una excelente correlacién entre ambas muestras en el diagnostico

del perfil molecular.

3.8. Conclusion

En este estudio, el perfil molecular emerge como un mejor predictor del patron
de recidiva que los factores histologicos tradicionales para ciertas localizaciones.
Esto sugiere el potencial del perfil molecular para estandarizar protocolos de
seguimiento, con la posibilidad de una deteccién mas precoz de la recidiva.

4. CONFIRMACION DEL PAPEL PRONOSTICO DEL PERFIL
MOLECULAR EN NUESTRA COHORTE

Nuestro estudio confirma las claras diferencias prondsticas entre los cuatro
grupos moleculares, que se mantienen tanto en cohortes de riesgo bajo,
intermedio, intermedio-alto y alto (32-41). Las pacientes p53abn presentaron la
peor SG a los 5 afios (54.1%) y las pacientes POLEmut la SG mas alta (100%).
Las pacientes MMRd y NSMP presentaron un prondstico generalmente bueno
(SG a los 5 afios de 89% y 90.5%, respectivamente). La SLE a los 5 afos
presentd un patron similar: las pacientes p53abn presentaron los peores
resultados (33.1%), seguido de las pacientes NSMP (78.8%), MMRd (81.9%) y
por ultimo las pacientes POLEmut (97.8%).
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Estudios previos han demostrado que la mejor capacidad prondstica se alcanza
al combinar el perfil molecular con las caracteristicas histopatologicas clasicas
(34-36, 41), lo que motivo la publicacién del sistema actual de clasificacion.
Imboden et al (168) reportd un cambio en el grupo de riesgo en 7% de las
pacientes (de una cohorte de 594 pacientes) tras considerar el perfil molecular,
en todos los casos debido a la presencia de tumores p53abn y POLEmut. El
estudio de Loukovaara et al (169) incluy6 604 pacientes y reporté un cambio en
el grupo de riesgo en 6% de las pacientes segun la clasificacion ProMisk (75%
aumentaron su riesgo y 25% lo disminuyeron), y en un 7.4% segun la
clasificacion de TransPORTEC.

Podemos concluir que el valor prondstico del perfil molecular se confirma
también en nuestra cohorte, y que este beneficio es maximo al considerarlo

conjuntamente a los factores de riesgo clasicos.

5. IMPACTO PRONOSTICO DEL PERFIL MOLECULAR TRAS LA
RECIDIVA

El ultimo objetivo de esta tesis era el de estudiar el impacto prondstico del perfil
molecular tras la recidiva. Para ello, realizamos un estudio retrospectivo en el
que incluimos pacientes diagnosticadas de cancer de endometrio y una primera
recidiva a nivel pulmonar. Este estudio se centr6 en analizar dos aspectos: 1) el
impacto prondstico del perfil molecular tras la recidiva y 2) el impacto del
tratamiento local (mediante cirugia pulmonar o Stereoatactic body radiation
therapy (SBRT) en las recidivas pulmonares oligometastasicas.

El pulmon es la localizacidn mas frecuente de recidiva a distancia en cancer de
endometrio (170). En nuestra serie, un 4.5% del total de pacientes presentaron
una recidiva afectando el pulmon. En estas pacientes, el grupo molecular mas
frecuente fue NSMP (39%), seguido de p53abn (25%), y de MMRd (23%). No se
identifico ningun tumor POLEmut. Esta distribucion es compatible con los
resultados discutidos en la seccion previa, teniendo en cuenta que los tumores
NSMP tenian mayor tendencia a la recidiva a distancia, asi como los tumores

p53abn, y con los reportados por Siegenthaler et al (151).
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En nuestro estudio, el perfil molecular del tumor primario sigue teniendo un
impacto prondstico tras la recidiva, con diferencias significativas entre los
grupos moleculares en la supervivencia libre de progresion (SLP) a los 3 afios:
los tumores MMRd presentaron la mejor SLP (47.6%), seguido de los NSMP
(26.8%)y, por ultimo, de los tumores p53abn (14.3%), p=0.008. Estos resultados
concuerdan con los de Siegenthaler et al, en el que las pacientes con tumores
MMRd presentaban la mayor supervivencia tras recidiva, y las pacientes con
tumores p53abn la menor. En su estudio, la mediana de supervivencia tras
recidiva fue de 43 meses para MMRd, 39 meses para NSMP, y 10 meses para
p53abn (p=0.001). La SG al afio fue de 78% para MMRd, 66% para NSMP y 32%
para p53abn. Por el contrario, en nuestro estudio no pudimos demostrar
diferencias en la SG a los 3 afios entre los grupos moleculares.

El estudio de McHenry et al (152) confirma las diferencias prondsticas tras
recidiva entre los cuatro grupos moleculares. En su cohorte, los tumores
POLEmut presentaron la mayor SG a los 5 afos (100%, sélo una paciente
recidivo), seguido de los NSMP (71.7%), los MMRd (39.5%), y, por ultimo, los
tumores p53abn (0%), p=0.017. En la tabla 10 se resumen los resultados de los
unicos tres estudios que evaluan la supervivencia tras recidiva en funcion del

perfil molecular.
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POLEmut | MMRd NSMP P53abn P valor
Luzarraga et | SLP a los 3 afios 47.6% 26.8% 14.3% 0.001
al (2023) SG alos 3 afios 33.7% 61.2% 27% 0.69
Siegenthaler | Mediana supervivencia (meses) |6 43 (11-76) | 39 (21-57) |10 (7-13) | 0.001
et al (2022) | SG al afo 0% 78% 66% 32% 0.001
McHenry et | SG a los 5 afos 100% 39.5% 71.7% 0% 0.017
al (2024)

Tabla 10. Resumen de los tres estudios que evaltuan la supervivencia tras recidiva en funcion del perfil molecular. SLP=supervivencia libre de
progresion; SG=supervivencia global.
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El unico estudio que evalud el papel independiente del perfil molecular en el
prondstico tras recidiva fue el de Siegenthaler. En este estudio, el unico factor
prondstico tras recidiva en el estudio multivariable fueron las recidivas no
locorregionales. EI perfil molecular no fue un factor pronéstico
independiente tras la recidiva.

Por ello, a pesar de que en los tres estudios publicados hasta la fecha se
observan diferencias estadisticamente significativas en la supervivencia tras
recidiva entre los cuatro grupos moleculares, no disponemos de suficiente
evidencia para afirmar que el perfil molecular sea en si factor prondstico

independiente.

6. INTERROGANTES POR RESOLVER EN EL CAMPO DEL
DIAGNOSTICO Y DE LA CIRUGIA

El papel del perfil molecular en la estadificacion quirargica ha empezado a ser
analizado recientemente, pero como se ha mencionado previamente, no se
dispone de ningun ensayo clinico que analice la tasa de afectacién extrauterina
para cada grupo molecular. El estudio EUGENIE (171) es un ensayo clinico en
el que se incluyen pacientes con cancer de endometrio. Como parte del protocolo
de estudio se les realiza una histerectomia con doble anexectomia, una
estadificacion ganglionar (con BSGC o linfadenectomia sistematica) y biopsias
peritoneales y de omento. El objetivo primario del estudio es evaluar la
asociacion entre el perfil molecular y el estadio de la enfermedad. Se espera que
los resultados de este estudio aporten respuestas firmes respecto al potencial
del perfil molecular para predecir afectacion extrauterina.

Otros interrogantes por resolver se centran en la via de abordaje y en las
maniobras de estadificacion necesarias adaptadas a cada paciente en funcion
del riesgo de su perfil molecular. Se necesitan estudios que analicen si existen
diferencias prondsticas en la via de abordaje en funcion del perfil molecular.
Por otro lado, seria de interés disponer de mas estudios prospectivos que
analicen la tasa de afectacion aodrtica aislada en funcidn del perfil molecular, y
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establecer de esta forma si la realizaciéon unicamente de BSGC es segura para

todos los grupos de tumores.

Quedan muchas preguntas por responder y mucho camino por recorrer.
Esperemos que esta tesis sea un grano de arena mas para avanzar en el cuidado

y el manejo de nuestras pacientes.
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VII.

CONCLUSIONES

La tasa de afectacion ganglionar es variable entre los distintos grupos
moleculares: los tumores p53abn presentan la tasa de afectacion mas
alta, y los tumores POLEmut la mas baja. Los tumores MMRd y NSMP
presentan tasas intermedias y mas variables.

El perfil molecular y las pruebas de imagen preoperatorias son los dos
unicos factores que predicen de forma independiente la afectacion
ganglionar o extrauterina preoperatoriamente. La combinacion del
perfil molecular y de la imagen preoperatoria ofrece la mayor
capacidad diagndstica prequirurgica de enfermedad ganglionar vy
extrauterina.

El patrén de recidiva varia segun el perfil molecular. Los tumores
p53abn tienden a recurrir principalmente a nivel abdominal y a
distancia; los NSMP, predominantemente a distancia; y los MMRd, a
nivel locorregional. El perfil molecular presenta una mayor capacidad
prondstica de recidiva (vaginal, peritoneal y a distancia) que los
factores clinico-patolégicos clasicos. Especificamente, los tumores
p53abn se asocian de forma independiente con mayor riesgo de
recidiva vaginal, peritoneal y a distancia, mientras que los tumores
NSMP lo hacen con la recidiva a distancia.

El perfil molecular es un factor prondstico itras una primera recidiva a
distancia. Los tumores p53abn son los que presentan una menor
supervivencia libre de enfermedad a los 3 afos y los MMRd los que
presentan las mejores tasas de supervivencia. Sin embargo, en
nuestro estudio no pudimos demostrar diferencias en cuanto a

supervivencia global.
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Abstract

Purpose Molecular classification of endometrial cancer (EC) has become a promising information to tailor preoperatively
the surgical treatment. We aimed to evaluate the rate of lymph node metastases (LNM) in patients with EC according to
molecular profile.

Methods A systematic review and meta-analysis were performed according to PRISMA guidelines by searching in two
major electronic databases (PubMed and Scopus), including original articles reporting lymph node metastases according to
the molecular classification of EC as categorized in the ESGO-ESMO-ESP guidelines.

Results Fifteen studies enrolling 3056 patients were included. Pooled prevalence LNM when considering only patients
undergoing lymph node assessment was 4% for POLE-mutated (95%CI: 0-12%), 22% for no specific molecular profile (95%
CI: 9-39%), 23% for Mismatch repair-deficiency (95%CI: 10-40%) and 31% for p53-abnormal (95%CI: 24-39%).
Conclusions The presence of LNM seems to be influenced by molecularclassification. P53-abnormal group presents the
highest rate of nodal involvement, and POLE-mutated the lowest.

Keywords Endometrial cancer - Molecular classification - Lymph node involvement

Introduction

A. Gil-Moreno and S. Cabrera have equally contributed to this work.

Endometrial cancer (EC) is the most prevalent gynecological
cancer in developed countries [1]. The presence of lymph
node metastasis (LNM) is one of the most important prog-
nostic factors and determines the need for adjuvant treatment
[1, 2]. However, the classic risk-stratification system of EC
into distinct prognostic groups based only on histopathologi-
cal preoperative parameters remains inaccurate to predict
lymph node involvement [3-7], partially due to the low con-
cordance between diagnostic biopsy and surgical specimen
[3] and the low interobserver agreement of histologic grade
and type [4, 5]. These discrepancies may lead to surgical
over- and undertreatment of patients.

Molecular classification of EC has emerged as an objec-
tive and reproducible tool, with a high level of agreement
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between pathologists and high concordance between the
diagnostic biopsy and final specimen [8, 9]. Following
the discovery of the four molecular subtypes of EC by
The Cancer Genome Atlas (TCGA) in 2013 [10], a model
using surrogate markers of these molecular groups was
identified and validated for clinical use [11]. It consists
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of a combination of targeted sequencing for POLE exo-
nuclease domain mutations and immunohistochemistry
(IHC) to determine mismatch repair deficiency (MMR-
d) and p53 status to assign EC to one of four molecular
subtypes; POLE-mutated, MMR-deficient, p5S3-abnormal,
and NSMP (no specific molecular profile) [12, 13]. The
significant prognostic differences among the four molecu-
lar subgroups have been demonstrated repeatedly across
multiple studies and in all histologic types [10-15], as
well as its impact on predicting response to different adju-
vant therapies [16]. Thus, molecular profiling (either with
molecular methods or surrogate markers) has already been
integrated into the new ESGO-ESMO-ESP recommenda-
tions [2] to better classify prognostic risk groups along
with traditional pathological characteristics to guide adju-
vant treatment strategy.

Nevertheless, the potential of molecular classification
to preoperatively predict lymph node metastases (LNM)
has been scarcely reported [17, 18]. The aim of the present
systematic review and meta-analysis was to assess the rate
of LNM in EC according to molecular profiling and to ana-
lyze the distribution of classic histopathological features
of the tumors according to their molecular profile.

Material and methods
Study protocol

This systematic review and meta-analysis were performed
according to the Preferred Reporting Item for Systematic
Reviews and Meta-analyses (PRISMA) guidance [19].
Patients were not involved in the development of this study
as no primary research was conducted.

Search strategy.

Various combinations of keywords were searched in two
major electronic databases (PubMed and Scopus) from
January 2010 until May 2022 using the following algo-
rithm, according to Boolean logic: (Endometrial cancer)
AND (molecular profile OR molecular classification OR
TCGA OR Promise OR PORTEC OR transPORTEC OR
p53 OR POLE OR MSI OR MMRD OR Mismatch repair
OR lymph node status OR lymphadenectomy). Two inde-
pendent investigators (AL and VB) screened all citations
on the base of titles and abstracts, excluding any duplica-
tion. Ambiguity and confusing information were discussed
and resolved with other two investigators (SC and NRGH).
References from each full-text screened study were con-
sidered and reviewed.

@ Springer

Selection, data collection process and extraction

Original articles, retrospective or prospective, written in
English and describing lymph node status information
of the four molecular subgroups of EC (POLE-mutated,
MMR-d, p53-abn and NSMP) were included in the study.
Molecular subgroups were categorized according to ESGO-
ESMO-ESP guidelines [2], following this order: (1) POLE
mutational analysis; (2) MMR proteins IHC; and (3) p53
IHC. Thus, patients encompassing multiple mutations are
assigned to the corresponding molecular group in this order.
We included studies performing the molecular classification
either with wholly molecular methods or surrogate markers
(IHC of MMR and p53 proteins). From studies performing
the molecular classification following the ProMise algorithm
[11-13] (1) MMR proteins IHC; (2) POLE mutational analy-
sis; and (3) p53 IHC), only data of the p53-abn and NSMP
groups were included since these groups remain identical
to those established in ESGO-ESMO-ESP guidelines [2]
independently of the employed algorithm.

We excluded reviews and case reports, studies with fewer
than 10 patients, and studies not performing the three tech-
niques for molecular classification (somatic mutation analy-
sis of the exonuclease domain of POLE and testing for MMR
proteins and p53). We included publications focusing solely
on POLE-mut patients, as patients with mutations in POLE
are categorized as POLE-mut in the current ESGO-ESMO-
ESP guidelines [2], irrespective of the presence of other
mutations. For publications reporting on the same cohort of
patients, we included those enrolling more patients.

We collected information on study design, year of publi-
cation, period of study accrual, number of patients included,
method of lymph node study, and lymph node status. Lymph
nodes were considered positive in the presence of macro-
metastases, micrometastases and isolated tumor cells. The
prevalence of LNM was calculated first, considering only
patients that underwent lymph node staging (with pelvic
and/or aortic lymphadenectomy or sentinel lymph node
biopsy (SLN)) for each molecular subgroup, and second, by
the total of cases of each molecular subgroup, as most stud-
ies report their rate of lymph node involvement including all
patients (surgically staged and non-staged).

We also retrieved and analyzed information on histology,
grade, lymph vascular space invasion (LVSI) and FIGO stage
of tumors according to the four molecular subgroups. LVSI
was reported as present or absent (presence of adenocarci-
noma, of any extent, in the endothelium-lined channels of
uterine specimens outside the tumor in lymph and blood ves-
sels), according to former ESGO-ESMO-ESTRO guidelines
[20] to report this finding, as the included articles reported
LVSI following the previous definition of LVSI (and not
considering if there was a focal or substantial LVSI).
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Assessment of risk of bias within studies

The risk of bias within studies was calculated with the
MINORS (Methodological Index for Non-Randomized
Studies) [21] by one independent author (AL); six domains
were evaluated for each study: aim, inclusion of consecutive
patients, prospective collection of data, endpoints appropri-
ate to the aim, unbiased assessment of the study endpoint,
and follow-up period appropriate to the aim (in our case,
2 years). The items were scored as follows: 0 if non reported;
1 when reported but inadequate; and 2 when reported and
adequate. Subsequently, articles were categorized as high
risk, unclear risk, or low risk of bias.

Statistical analysis

From each study, the number of cases was extracted to cal-
culate the proportion. The 95% confidence interval, as well
as the weight of each study were illustrated in forest plots
graphics. Summary proportion estimates were obtained
using Dersimonian-Laird random-effects meta-analysis con-
sidering heterogeneity. The null values have been imputed
using Freeman-Tukey Double Arcsine Transformation. Sta-
tistical heterogeneity was assessed through Cochran’s O-test
and 7 statistic. Values of 25, 50, and 75% were considered
to reflect low, moderate, and high statistical heterogeneity,
respectively. Data were analyzed with Stata v15.1 software.

Results
Study selection

In total, 5445 records met inclusion criteria in Pubmed and
5182 in Scopus database. After excluding duplicates and
non-original articles we identified 5122 records through
database searching. Records with irrelevant titles, not
reporting data about endometrial cancer and/or molecular
profile were excluded (n=5039). A total of 83 abstracts were
selected for eligibility. Of them, 31 were excluded- 16 were
reviews and editorials and 15 did not provide data about
lymph node status. Finally, 52 full-text articles were read
and assessed for eligibility: 9 were excluded because POLE
mutational status was not assessed; 7 because they reported
overlapped patients included in other studies, and 21 because
no data about lymph node status was reported. Finally, 15
studies were selected and included in the systematic review
and meta-analysis (Fig. 1).

Risk of bias assessment of the included studies

All included articles were considered at low risk of bias
for the following items: “stated aim of the study”, “end-
point appropriate to study aim”, “unbiased evaluation of

endpoints” and “follow-up period appropriate to the major

Records identified through database
0 searching (n=5122)
c
'S
]
g Records with irrelevant titles
v Articles not related to endometrial cancer
Molecular profile information not available
Abstracts screened for eligibility
(n=83)
Z
S Abstracts excluded (n=31):
& Reviews and editorials (16)
w Lack of data (15)
Full-text articles assessed for eligibility
(n=52)
Full-text articles excluded (n=36)
© Including overlapping cases (n=7)
-§ POLE sequencing not performed (n=9)
T:’ Lack of lymph node information (n=21)
. Studies selected and included in the meta-
analysis (n=15)

Fig. 1 Flow chart of records identified and selected for meta-analysis
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endpoint”. “Inclusion of consecutive patients” and “pro-
spective collection of data” are described for each study.
MINORS criteria are reported in Table 1.

Meta-analysis

A total of 3056 patients were included in the meta-analysis.
Of them, 333 (10.9%) were POLE-mut, 831 (37.2%) were
MMR-d, 711 (23.2%) were p53-abn, and 1181 (38.6%) were
classified as NSMP. Characteristics of the included studies,
main histopathologic features of the tumors and surgical
technique for lymph node evaluation are reported in Table 2.
The technique for lymph node assessment was not reported
in seven studies [11-13, 22-24], and only two studies [17,
26] performed SLN biopsy.

Pooled prevalence of each molecular subgroup was
7% (95% CI: 6-9%) for POLE-mut group, 28% (95% CI:
21-35%) for MMR-d group, 25% for p53-abn group (95%
CI: 19-31%) and 38% (95% CI: 31-45%) for NSMP group.

Pooled prevalence of overall LNM was 2% for POLE-mut
tumors (95% CI: 0-5%), 9% for NSMP (95% CI: 6-13%),
15% for MMR-d (95% CI: 8-22%) and 26% for p53-abn
(95% CI: 18-34%). When excluding patients without lymph
node assessment and calculating over the patients with spe-
cifically described as having surgical lymph node assess-
ment (n=1233, either by lymphadenectomy or sentinel
lymph node biopsy), pooled prevalence of LNM was: 4%
for POLE-mut tumors (95% CI: 0-12%), 22% for NSMP
(95% CI: 9-39%), 23% for MMR-d (95% CI: 10-40%) and
31% for p53-abn (95% CI: 24-39%) (Fig. 2).

Table 1 MINORS criteria for risk of bias assessment of included studies

P53-abn group harbored the highest proportion of high-
grade tumors (66%, 95% CI: 41-92) while NSMP presented
the lowest rate (11% (95% CI: 7-15%).

Regarding histology, endometrioid histology was the
most frequent for POLE-mut (82%, 95% CI: 74-89%),
NSMP (89%, 95% CI: 80-96%), and MMR-d (83%, 95% CI:
75-90%), while p53-abn tumors were predominantly serous
(pooled prevalence: 45%, 95% CI: 34-57%).

Pooled prevalence of LVSI was 27% for NSMP (95% CI:
18-35%), 30% for POLE-mut (95% CI: 19-42%), 40% for
MMR-d (95% CI: 29-51%) and 49% for p53-abn (95% CI:
38-60%).

POLE-mut patients were diagnosed mostly at Stage
I (pooled prevalence 88%, 95% CI: 80-95%), while p53-
abn patients were more often diagnosed at advanced
stages—29% at stage III (95% CI: 22-36%), and 11% at
stage IV (95% CI: 5-19%). The pooled prevalence of lymph
node involvement and histopathologic characteristics for
each molecular subgroup are summarized in Table 3.

Discussion

In this meta-analysis, p53-abn group showed the highest
rate of LNM and the most unfavorable clinicopathologi-
cal features. As expected, POLE-mut patients showed the
lowest rate of lymph node involvement, despite the high
prevalence of LVSI and high-grade tumors. Patients with
NSMP tumors presented a low rate of LNM (less than
10%), and showed the most favorable clinicopathological

MINORS criteria Stated aim  Inclusion of con- Prospective col- Endpoint appro-  Unbiased evalu-  Follow-up period
of the study secutive patients lection of data  priate to study ation of endpoints appropriate to the major
aim endpoint
Talhouk 2015 [12] 2 0 0 2 2 2
McConechy 2016 [24] 2 0 0 2 2 2
Talhouk 2017 [13] 2 0 1 2 2 2
Kommoss 2018 [36] 2 0 0 2 2 2
Imboden 2019 [27] 2 0 1 2 2 2
Timmerman 2020 [39] 2 2 2 2 2 2
Le6n-Castillo 2020 [16] 2 2 2 2 2 2
Kim 2020 [38] 2 1 1 2 2 2
Kolehmainen 2020 2 0 0 2 2 2
Coada 2021 [26] 2 0 1 2 2 2
Bayramoglu 2021 2 1 0 2 2 2
Le6n-Castillo 2022 [18] 2 0 2 2 2 2
Shuangni, 2022 [23] 2 0 0 2 2 2
Devereaux 2022 [25] 2 2 0 2 2 2
Jamieson 2022 [17] 2 2 1 2 2 2

0=not reported; 1=reported but inadequate; 2=reported and adequate
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features, while the MMR-d group showed an intermediate
risk of lymph node involvement.

The highest rate of LNM was observed in the p53-abn
group, which highlights the need to recommend the per-
formance of nodal assessment in this subgroup of patients
regardless of other classic risk factors for LNM [2]. We
also observed that p53-abn tumors were predominantly
of serous histology and previous publications reported
that, although a rare phenomenon, most of false negative
cases of SLN biopsy and isolated para-aortic metastases
are found in non-endometrioid tumors [28, 29]. Therefore,
the use of exclusive SLN biopsy as an accurate predictor
of nodal involvement in this molecular subgroup should be
better assessed. We observed a lower rate of LNM in p53-
abn patients (31%, 95% CI: 24-39%) than the previously
reported in the study of Jamieson et al [17], who reported
LNM present in almost half of the p53-abn patients. This
difference can be attributable to the wide use of SLN
biopsy in their study (86% of patients were staged by this
technique) [17], as ultrastaging of sentinel nodes increases
the detection of low volume disease that can be unseen
with standard pathological studies [30-33]. In contrast,
in our meta-analysis only two studies performed SLN for
lymph node staging, and only one study [17] reported if
positive lymph nodes were attributed to macrometastases
(n=19), micrometastases (n=35), or isolated tumor cells
(n=17).

POLE-mut patients presented the lowest LNM rate, which
is in line with its excellent prognosis. By contrast, 42% of
POLE-mut tumors showed high grade and 30% had LVSI,
which are known to be strong prognostic factors for LNM.
However, and although the presence of LNM in this molecu-
lar subgroup is rare, surgical staging is still necessary as the
presence of nodal involvement would encompass a change
in the adjuvant treatment [2] until new recommendations
are issued [34].

Both MMR-d and NSMP are the most challenging
groups. In our meta-analysis tumors of NSMP group had
a low risk of LNM (less than 10%) in the overall analysis
but raised to 22% in the analysis over patients with nodal
staging, which is in line with previous publications [29].
As this group of patients encompasses the most favorable
histopathologic features, many of the included cases did not
receive nodal assessment. As a result, the pooled prevalence
in the overall cohort probably underestimates the prevalence
of LNM, and the pooled prevalence over the population
who received nodal staging is probably overestimated. On
the other hand, the molecular heterogeneity of NSMP sub-
group makes them tumors with a highly variable prognosis.
New molecular prognostic markers and further research are
needed to subclassify NSMP patients into more accurate
prognostic groups [35-37]. Something similar was observed
in the MMR-d subgroup, in which LNM was calculated in

Stage I
(%)
N/R
70

LVSI
(%)
32
37

Serous

(%)
17

metri-
oid (%)
80

71

Main histopathologic characteristichs

G3 (%) Endo-

26
33

of EC
included
All

Method of LN Type
evaluation
99.4%

LND+86%

SLN

patients with

LN evaluation

9(6-13) 40.3% of

NSMP

11

p53-

abn

43

26
(18-
34)

% of LNM
MMR-d
mut
14 15
2% 15
GBl- (-5 (822
45)

NSMP POLE-
43
38

(19—

31)

p53-
abn
17

25
Grade 3. LVSI lympho vascular space invasion. N/R: non reported. LND lymph node dissection. SLN sentinel lymph node. PLND pelvic

lymph node dissection. PALND para-aortic lymph node dissection. EC endometrial cancer. CCEC clear-cell endometrial cancer

@1-
35)

MMR-
d
27

% of patients of each molecular

N Included group
POLE-
mut
12

4663/3056 7 (6-9) 28

172/172

Study
period
Retro-
spec-
tive
2015

2022 [17]
— meta-
analysis

Publication Design N Study/
LNM lymph node metastasis. LN lymph node. G3

Table2 (continued)

Jamieson,
Total
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_Pole-mut MMR-d
% %
Study ES (95% CI) Weight Study ES (95% CI) Weight
Imboden (2019) - 0.09(0.01,028) 17.24
imboden (2019) 1 © ) Kolehmainen (2020) - 0.15(0.10,020)  20.77
Kolehmainen (2020) .— 0.00 (0.00,0.15) 16.76 H
' LeOn-Castillo (2020) —-— 0.53(0.42,064) 1956
Kim (2020) s+ 0.00(0.00,098) 1.64
] Kim (2020) ———————————— 0.50(0.0,099) 5.08
LeUn-Castillo (2020) = 0.19(0.07,0.36)  21.01 e \ )
Cosda (2021) i~ 0.13(0.00,053) 8.04 Coada (2021) —l— 0.22(0.09,042) 1665
Jamieson (2022) — 0.14(003,036) 1626 Jamieson (2022) g 0.1500.00,028) 1841
LeUn-Castilo (2022) " 0.04(0.00,019) 1904 LeOn-Castio (2022) - 019 041,050 1008
Overall (12 = 30.29%, p = 0.20) o 0.04(0.00,0.12)  100.00 Overall ("2 = 88.56%, p = 0.00) O 0.23(0.10,040)  100.00
e —r—r—T—TT—TTTT
01234567891 0123456.78. 91
P53-abn NSMP
% %
Study ES (95% Cl) Weight Study ES (95% CI) Weight
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Fig.2 Pooled prevalence of lymph node metastases over the patients with specifically described with surgical lymph node assessment

15% in the overall population analysis and 23% when select-
ing only patients who received nodal assessment.

Strengths and limitations

To our knowledge, this is the first meta-analysis focusing on
the lymph node status according to molecular profiling as
established by the current ESGO-ESMO-ESP guidelines.
The number of studies included in our meta-analysis allowed
us to incorporate a high number of POLE-mut patients,
which is necessary to study the rate of LNM in this subgroup
due to the low incidence of nodal involvement reported in
the literature. Another strength of our study is the re-classifi-
cation of some patients and exclusion of others with the aim
to focus on the currently recommended molecular profiling
in ESGO-ESMO-ESP guidelines and make the results more
comprehensive to clinicians.

@ Springer

In this meta-analysis, we informed the rate of LNM in
two scenarios: by overall population, and only by patients
with lymph node staging. Before SLN technique imple-
mentation most patients at low risk of LNM (assessed
by histopathologic and radiologic information) did not
receive any lymph node staging procedure, being surgi-
cally treated exclusively with hysterectomy and adnexec-
tomy, and only patients with clinicopathological risk fac-
tors for LNM underwent pelvic with or without para-aortic
lymphadenectomy. This change in clinical management
could be a potential source of bias, overestimating nodal
involvement when considering only staged patients, or
underestimating it when considering also low-risk non-
staged patients. The retrospective nature of most of series
included in this meta-analysis, including patients treated
before the SLN implementation era, makes these biases
difficult to address. The moderate and high heterogeneity
found among studies in some analyzed parameters repre-
sents another limitation of the present meta-analysis.
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Table 3 Pooled prevalence of

. Pooled prevalence (%) (95% CI) POLE-mut MMR-d P53-abn NSMP
lymph node involvement and
histopathologic characteristics Distribution of patients 7% 28% 25% 38%
for each molecular subgroup (6-9%) (21-35%) (19-31%) (31-45%)
Lymph node metastases
Over the total of patients 2% 15% 26% 9%
(0-5%) (8-22%) (18-34%) (6-13%)
Accounting only for staged patients 4% 23% 31% 22%
(0-12%) (10-40%) (24-39%) (9-39%)
High Grade (G3) 42% 32% 66% 11%
(28-55%) (17-47%) (41-92%) (7-15%)
Endometrioid 82% 83% 24% 89%
(74-89%) (75-90%) (17-32%) (80-96%)
Serous 5% 3% 45% 4%
(0.01-11%) (0-7%) (34-57%) (0-10%)
Lymph vascular space invasion (LVSI) 30% 40% 49% 27%
(19-42%) (29-51%) (38-60%) (18-35%)
FIGO stage
Stage I 88% 64% 51% 69%
(80-95%) (51-77%) (42-60%) (53-83%)
Stage II 2% 6% 9% 11%
(0-5%) (1-12%) (3-16%) (4-19%)
Stage I11 5% 23% 29% 24%
(0-12%) (13-34%) (22-36%) (12-39%)
Stage IV 0% 2% 11% 3%
(0%) (0-8%) (5-19%) (1-5%)
Conclusion Declarations

The presence of LNM in EC seems to be influenced by
molecular classification, being p53-abn EC the group
with the highest nodal involvement and POLE-mut EC the
group with the lowest. Molecular classification is a highly
reproducible technique that can be performed in the preop-
erative biopsy and, together with classic histopathological
features, may guide surgical treatment tailoring. Prospec-
tive studies assessing LNM according to molecular profile
are needed to understand and improve the prediction of
lymph node status in the preoperative setting.
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HIGHLIGHTS GRAPHICAL ABSTRACT

Molecular classification improves prog-
nostic stratification after the surgery in
endometrial cancer.

Molecular classification can be accu-
rately performed in preoperative
biopsies.

We found that preoperative molecular
classification and imaging tests were

MOLECULAR CLASSIFICATION IMPROVES PREOPERATIVE RISK
ASSESSMENT OF ENDOMETRIAL CANCER
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ARTICLE INFO ABSTRACT
Arﬂf{e history: Objective. We aimed to evaluate the performance of endometrial cancer (EC) molecular classification in
Received 5 June 2024 predicting extrauterine disease after primary surgery alone and in combination with other clinical data available
Received in revised form 4 July 2024 in preoperative setting.
Accepted 5 July 2024 iy

Methods. Retrospective single-center observational study including patients with endometrial adenocarci-
noma treated with primary surgery between December 1994 and May 2022. Molecular profiling was performed
using immunohistochemistry of p53, MLH1, PMS2, MSH2 and MSH6; and KASP genotyping of the 6 most com-
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'éf,ﬁ":",,f;ia, cancer mon mutations of POLE gene. Clinical, pathological and imaging information was reviewed. Logistic regression,
Molecular classification regression trees and random forest classification techniques (CART) were performed.

Preoperative assessment Results. We enrolled 658 patients, 47 with POLEmut (7.1%), 234 with MMRd (35.6%), 95 with p53abn (14.4%)
Surgery and 282 with NSMP (42.8%) tumors. Advanced stage after primary surgery (IlI-IV FIGO 2009) was diagnosed in
Extrauterine disease 11.7% of patients, p53abn tumors showed increased extrauterine spread (34.1%) and nodal involvement (30.1%)

(p <.001). In multivariate analysis, only p53abn subgroup (aOR = 16.0, CI95% = 1.5-165.1) and radiological sus-
picion of extrauterine disease (aOR = 24.2, C195% = 12.2-48.2) independently predicted the finding of extra-
uterine disease after primary surgery. In patients with preoperative uterine-confined disease, deep myometrial
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and cervical involvement in radiological assessment and p53abn molecular subtype were the best variables to
identify patients at-risk of occult extrauterine disease after the staging surgery.

Conclusion. EC molecular classification is more accurate than histotype or grade in preoperative biopsy to pre-
dict advanced disease, and together with imaging tests are the most reliable preoperative information. This work
provides an initial framework for using molecular information preoperatively to tailor surgical treatment.
© 2024 Elsevier Inc. All rights are reserved, including those for text and data mining, Al training, and similar tech-

nologies.

1. Introduction

Endometrial cancer (EC) is the most commonly diagnosed gyneco-
logical malignancy in developed countries, and its incidence is on the
rise due to increased age and obesity prevalence in population [1].
Surgery is the leading treatment offered to patients with EC. Its objective
is not only to eliminate all the macroscopic tumor but to assess its stage, es-
pecially in preoperative uterine-confined disease [2]. Stage at diagnosis is
one of the strongest predictors of recurrence and death of disease for pa-
tients with EC [3], and it is key to tailor adjuvant treatments [2,4]. Hyster-
ectomy with bilateral salpingo-oophorectomy is the main surgical
strategy given that the surgical specimen will provide important informa-
tion on histotype and tumoral grade, tumoral size, lympho-vascular space
invasion (LVSI) and myometrial, cervical or adnexal invasion. Additional
procedures, as nodal assessment, peritoneal staging or debulking tech-
niques are tailored according to preoperative risk of extrauterine spread
[2]. Therefore, an accurate preoperative risk assessment will be key to de-
ciding the optimal surgical plan for the patient [5].

Preoperative risk assessment is based on clinical exam, pathologic
evaluation of a preoperative biopsy and imaging tests. The preoperative
biopsy is essential to achieve a definitive EC diagnosis, however a high
interobserver variation in histotype and a poor correlation with the
final pathological diagnosis have been shown [6,7], especially in high-
grade tumors. Preoperative imaging assessment by magnetic resonance
imaging (MRI) or transvaginal ultrasound (TVUS) is highly specific in
the evaluation of myometrial invasion and cervical stromal involvement
[8,9], and MRI is also effective in identification of gross intra-abdominal
disease and enlarged lymph nodes [10]. Additional imaging modalities
(thoracic CT, PET/CT) [11,12] can be considered to assess metastatic dis-
ease, although they are recommended for patients with high-risk histol-
ogies at preoperative biopsy [2]. Despite all the available preoperative
information, it is calculated that the risk of extrauterine spread will be
underestimated in 32% of patients and overestimated in 7% [6].

The discovery of molecular profiling in EC [13], the description and
validation of surrogate markers for its clinical use [14] and the evidence
of its impact on prognostic outcomes [ 15-17] have offered an important
improvement on the postoperative risk assessment of EC patients
[2,4,18]. In addition, molecular profiling is an objective and highly re-
producible technique with high concordance rates between preopera-
tive biopsies and surgical specimens [19-21]. Nevertheless, its use on
preoperative risk assessment and decision-making has not yet been
assessed [5].

The aim of our study was to evaluate the performance of EC molec-
ular classification alone and in combination with other preoperative
data in predicting the presence of extrauterine disease. A second objec-
tive was to develop predictive models of extrauterine disease in patients
with apparent uterine-confined tumors preoperatively including
molecular information.

2. Materials and methods
2.1. Cohort selection

This is a retrospective, single-center observational study that in-
cludes patients diagnosed and treated for endometrial adenocarcinoma

57

between December-1994 and May-2022. Inclusion criteria were age
older than 18 years, endometrial adenocarcinoma of any histotype or
grade and with available and representative formalin-fixed, paraffin
embedded (FFPE) material from diagnostic biopsy or surgical specimen
to perform molecular profiling. Pathological, clinical and follow-up data
were reviewed and collected in a REDcap database. Staging was deter-
mined according to 2009 FIGO classification [3]. Preoperative work-up
included in all cases the pathologic evaluation of an endometrial biopsy,
clinical examination and imaging assessment. Preoperative imaging
was performed either by abdomino-pelvic MRI or TVUS plus
abdomino-pelvic CT. Surgery was tailored according to preoperative in-
formation, and minimal invasive approach was offered to patients
considered to have uterine-confined tumors, either laparoscopic or
robotic-assisted. Sentinel lymph-node biopsy was introduced in clinical
practice in our hospital in 2016, and it was performed together with
lymphadenectomy during the learning curve of the team. Abdomino-
pelvic peritoneal assessment was performed in every patient during
the surgery, and peritoneal biopsies were done when suspicious lesions
were observed. Omentectomy was indicated in serous and carcinosar-
coma preoperative histotypes. Patients were treated according to
clinical guidelines of each period, and molecular information was not
considered to guide therapeutic decisions.

For the main objective of the study we included all the patients
meeting the inclusion criteria. For the second objective, only patients
with suspected uterine-confined disease after preoperative evaluation
and with complete preoperative information were included. This
study was favorably evaluated by the Clinical Research Ethics Commit-
tee of Vall d'Hebron Barcelona Hospital Campus.

2.2. Molecular classification

Molecular profiling of all patients was performed in preoperative
endometrial biopsies or hysterectomy specimens using immunohisto-
chemical analysis of MMR proteins (PMS2, MLH1, MSH2, MSH6) and
p53 protein, as well as the evaluation of somatic POLE mutation by
genotyping using KASP technology to identify five of its most common
hotspot mutations sites (P286R, S297F, V411L, A456P, S459F) [22]. Tu-
mors were classified as POLE mutated (POLEmut), mismatch-repair de-
ficient (MMRd), non-specific molecular profile (NSMP) or p53
abnormal (p53abn) per the ESGO/ESTRO/ESP guidelines [2]. Patients
harboring more than one molecular feature were classified according
to the guideline recommendations.

2.3. Statistical analysis

Continuous variables were expressed as median values with inter-
quartile range (IQR) and were compared using the Mann-Whitney
test. Categorical variables were expressed as frequencies with percent-
ages and compared using the y2 test or the Fisher exact test. Oncological
outcomes were analyzed with the Kaplan-Meier method, whereas the
log-rank test was used for comparison among groups. For the construc-
tion of the multivariate model, a selection method based on maximum
likelihood estimation and Akaike information criterion (AIC) was
used, considering all relevant variables related to the primary endpoint.
The performance of logistic regression models was quantified using the
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area under the curve (AUC) and the AIC. The highest AUC and the lowest
AIC defined the best model. Finally, regression trees and random forest
classification techniques (CART) were generated [23]. A Classification
And Regression Tree (CART) is a predictive model that explains how
an outcome variable (in this case, the presence of occult nodal disease
or extrauterine disease after primary surgery) can be predicted based
on predictor variables (in this study all the preoperative data available
before the surgery: imaging staging, histoptype and grade). The output
is a decision tree where each fork is a split in a predictor variable and
each end node contains a prediction for the outcome variable. The
STATA statistical program (version 15) was used for data analysis.

3. Results
3.1. Description of the cohort

From a cohort of 1562 EC patients treated at our center during the
enrolment period, we achieved a complete molecular classification in
689 tumors. After excluding patients without surgical treatment (n =
21) and atypical hyperplasia in final histology (n = 10) we selected
658 patients who met the inclusion criteria for general analysis
(Fig. 1). In this cohort we identified 47 patients with POLEmut (7.1%),
234 MMRd (35.6%), 95 p53abn (14.4%) and 282 NSMP (42.8%) tumors.
Median age of the cohort was 65 years (IQR:56-73y), however patients
with POLEmut tumors were significantly younger (57y, IQR:52-63y,
p = .043) (Table 1).

Regarding preoperative assessment, nearly 70% of tumors were
endometrioid and 56% of the entire cohort was low-grade (G1-2) at
preoperative biopsy. p53abn tumors were high grade in 73.7% of cases
at preoperative biopsy, and showed non-endometrioid histotype in
66.3%of patients, being these proportions significantly higher when
compared to the rest of molecular subgroups (p < .001). After imaging
studies, 81.6% of the entire cohort was considered uterine-confined
preoperatively. Notably, patients with p53abn tumors had suspected
extrauterine spread in 25.3% of cases after preoperative imaging assess-
ment, while in the rest of molecular subgroups this was suspected in
<10% of patients (p < .001).
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During primary surgery, 85.4% of patients received any type of nodal
assessment (23.3% had a sentinel lymph node biopsy, 72% a bilateral
pelvic lymphadenectomy and a 38.8% an aortic lymphadenectomy), a
4.4% of patients required peritoneal biopsies for suspected peritoneal
lesions and a 12.6% of patients had an omentectomy.

After definitive histological study of surgical specimens, a 82.1% of EC
patients had endometrioid histotype. By molecular subgroups, only
16.8% of p53abn tumors were endometrioid, while 89.4% of POLEmut
and >90% of MMRd and NSMP tumors were endometrioid (p <.01).Re-
garding grade, 92.6% of p53abn tumors were high-grade, and this was
significantly higher when compared with the rest of molecular profiles
(37.7% in global cohort, p < .001). Lympho-vascular space invasion
(LVSI) was more frequent in p53abn tumors as well (37.9% vs. 20.2%
in the global cohort, p < .001). After the surgery, an 88.3% of patients
were uterine-confined (stages I-Il FIGO 2009) in definitive pathological
studies. Advanced stage after primary surgery (considering stage IlI-IV
FIGO 2009) was diagnosed in 11.7% of patients within the entire co-
hort, representing a 2.1% of patients within POLEmut cohort, a 7.4%
within MMRd cohort, a 10.4% within NSMP cohort and a 34.1% within
p53abn tumors (p < .001). Nodal involvement was diagnosed in 10.7%
of the patients, including 30.1% of patients with p53abn, 9.1% of NSMP,
6.8% of MMRd and none of POLEmut tumors (p < .001). Stage IVB
FIGO 2009 was diagnosed in 2.1% of patients, being this proportion
significantly higher in p53abn tumors (8.4%, p < .001). Only one
patient with POLEmut tumor was diagnosed with advanced stage
after primary surgery, she had an omental implant without other
extrauterine disease.

A total of 66.4% of patients received adjuvant treatment. Patients
with p53abn tumors were treated postoperatively in a higher propor-
tion than the rest of patients (77.9% of p53abn received adjuvant treat-
ment vs. 66.7% of MMRd, 64.5% of NSMP, and 53.2% of POLEmut, p =
.01), mainly due to a significant higher use of chemotherapy (Table 1).
After a median follow-up of 5.33y (IQR = 2y-9.4y), the 5-year overall
survival (0S) estimate for the global cohort was 85.5% (CI 95% =
82.0-88.3) and the 5-year progression-free survival (PFS) was 74.6%
(C195% = 70.5-78.2). Patients with p53abn tumors showed the worst
outcomes (5-year OS = 54.1%, CI 95% = 41.4-65.2%, and 5-year

Patients treated for endometrial cancer between Dec1994-May2022

n=1562

Molecular profile available

Exclusion criteria
Patients with atypical hyperplasia n=10
Patients without primary surgery n=21

n=689

Patients who met inclusion
criteria for general analysis

n=658

MMRd (n="34, 35.6%)
NSMP (n=

POLEmut "
p53abn (n=95, 14.4%)

Patients who met inclusion criteria for
uterine-confined disease predictive
models
n=366
MMRd (n=120, 32.7%)

NSMP (n=179, 48.9%

POLEmut (n=45, 1
p53abn (n=2

Fig. 1. Flow-chart for patient's selection.

121



S. Cabrera, V. Bebia, C. Lopez-Gil et al.

Table 1
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Demographics, preoperative and surgical information, and prognostic outcomes of patients enrolled in the study.

Variable MMRd (n = 234) NSMP (n = 282) POLEmut (n = 47) p53abn(n = 95) Total (n = 658) p value
[median (IQR) or n (%)]
Demographic and preoperative information
Age (years) 64 (56-75) 64 (56-71) 57 (52-63) 67 (62-74) 65 (56-73) 0.043
Body Mass Index (kg/m2) 30 (26.7-34.1) 30.5(26.2-35.5) 28.3 (24.5-34.9) 29.1 (25-35) 30 (26-35) 0.353
Endometrioid 173 (73.9) 230 (81.6) 36 (76.6) 20 (21.1) 459 (69.8)
Preoperative biopsy Non-endometrioid 17 (7.3) 20(7.1) 4(85) 63 (66.3) 104 (15.8) <0.001
Unknown 44 (18.8) 32(114) 7(14.9) 12 (12.6) 95 (14.4)
Low-Grade 131 (56.0) 204 (72.3) 26 (55.3) 7(74) 368 (55.9)
Preoperative histologic grade High-Grade 44 (18.8) 27 (9.6) 7(149) 70 (73.7) 148 (22.5) <0.001
Unknown 59 (25.2) 51(18.1) 14 (29.8) 18 (19.0) 142 (21.6)
Disease confined to uterus 195 (83.3) 238 (84.4) 40 (85.1) 64 (67.4) 537 (81.6)
Preoperative imaging Suspected extra-uterine disease 22 (9.4) 28(9.9) 4(85) 24(253) 78 (11.9) <0.001
Unknown 17 (7.3) 16 (5.7) 3(64) 7(74) 43 (6.5)
Procedures performed during primary surgery
Any nodal assessment 205 (87.6) 230 (81.6) 44 (93.6) 83 (87.4) 562 (85.4) 0.069
Pelvic lymphadenectomy 181 (77.4) 172 (61.0) 41 (87.2) 80 (84.2) 474 (72.0) <0.001
Aortic lymphadenectomy 89 (38.0) 86 (30.5) 19 (40.4) 61 (64.2) 255 (38.8) <0.001
Sentinel Lymph Node Biopsy 44 (18.8) 87 (30.9) 5(106) 17 (17.9) 153 (23.3) 0.001
Peritoneal biopsies 8(34) 10(3.6) 3(64) 8(84) 29 (44) 0.148
Omentectomy 18 (7.7) 21(7.5) 2(43) 42 (44.2) 83 (12.6) <0.001
Debulking procedures 5(2.1) 10 (3.6) 1(2.1) 9(9.5) 25(3.8) 0.014
Open approach 127 (54.3) 197 (69.9) 31 (66.0) 55 (57.9) 410 (62.3) 0.002
Minimally invasive approach (laparoscopic or robotic) 107 (45.7) 85(30.1) 16 (34.0) 40 (42.1) 249 (37.7) :
Postoperative information
Histotype Endometrioid 216 (92.3) 267 (94.7) 42 (89.4) 16 (16.8) 541 (82.3) <0.001
Serous 7(3.0) 2(0.7) 1(21) 51(53.7) 61(9.3)
Carcinosarcoma 2(09) 4(14) 0(0.0) 14 (14.7) 20 (3.0)
Mixed 3(13) 2(0.7) 1(2.1) 6(6.3) 12 (1.8)
Clear cell 3(13) 1(0.4) 2(43) 1(1.1) 7(1.1)
Undifferentiated 2(09) 1(0.4) 0(0.0) 3(3.2) 6(0.9)
Other 0(0.0) 1(0.4) 1(21) 1(1.1) 3(05)
Unknown 1(04) 3(1.1) 0(0.0) 3(3.2) 7(1.1)
Grade Low-Grade 151 (64.5) 221 (78.4) 29 (61.7) 5(53) 406 (61.8) <0.001
High-Grade 82(35.0) 60 (21.3) 18 (38.3) 88 (92.6) 248 (37.7)
Unknown 1(0.5) 1(0.3) 0(0.0) 2(21) 4(05)
Lympho-vascular space invasion 49 (20.9) 44 (15.6) 4(85) 36 (37.9) 133 (20.2) <0.001
1A 69 (29.5) 96 (34.0) 22 (46.8) 26 (27.4) 213 (324)
1B 66 (28.2) 64 (22.7) 18 (38.3) 10 (10.5) 158 (24.0)
I 77 (32.9) 91(323) 6(12.8) 22(232) 196 (29.8)
A 3(1.3) 4(1.4) 0(0.0) 3(32) 10 (1.5)
1B 0(0.0) 1(0.4) 0(0.0) 1(1.1) 2(03)
1ict 6(26) 9(3.2) 0(0.0) 3(32) 18 (2.7)
cz 6(2.6) 9(3.2) 0(0.0) 15(15.8) 30 (4.6)
IVA 1(0.4) 2(0.7) 0(0.0) 0(0.0) 3(0.5)
IVB 1(0.4) 4(1.4) 1(2.1) 8(84) 14(2.1)
2009 FIGO Stage Unknown 5(2.1) 2(0.7) 0(0.0) 7(74) 14(2.1) <0.001
NO 191 (93.2) 209 (90.9) 44 (100.0) 58 (69.9) 502 (89.3)
Nodal status N1 14 (6.8) 21(9.1) 0(0.0) 25(30.1) 60 (10.7) <0.001
Early stage (I-1I) 212 (92.6) 251 (89.6) 46 (97.9) 58 (65.9) 567 (86.3)
Disease extent Advanced stage (1II-IV) 17(7.4) 29(104) 1(21) 30 (34.1) 77 (11.7) <0.001
Adjuvant treatment
Received adjuvant treatment 156 (66.7) 182 (64.5) 25(53.2) 74 (77.9) 437 (66.4) 0.010
Radiotherapy EBRT 111 (47.2) 119 (42.2) 17 (36.2) 41 (43.2) 288 (43.8) 0.876
VBT 81(34.6) 107 (37.9) 14 (29.8) 33 (34.7) 235(35.7) 0.213
Chemotherapy 20(8.6) 28(9.9) 2(43) 43 (45.3) 93 (14.1) <0.001
Survival
Median follow-up (years, IQR) 5.51(2.54-9.56) 4.74 (1.59-836) 10.25 (2.9-15.6) 5.33(1.9-8.2) 5.33(2.0-9.4) <0.001
Overall survival, 5 yr estimates [% (CI 95%)] 89.0 (83.2-92.8) 905 (85.4-93.9)  100.0 (NC-NC) 54.1(41.4-65.2) 85.5(82-883)  <0.001

Disease free survival, 5 yr estimates [% (Cl 95%)] 81.9 (75.5-86.9)

78.8 (72.1-84.0)

97.8 (85.6-99.7) 33.1(22.9-43.6) 74.6(705-78.2) <0.001

PFS = 33%, C1 95% = 21.4-41.1%). POLEmut tumors showed excellent
prognostic outcomes (5-year OS = 100%, 5-year PFS = 97.8%), and
NSMP and MMRd tumors had similar survival estimates (5-year 0S =
90.5% and 5-year PFS = 78.8% in NSMP, 5-year OS = 89% and 5-year
PFS = 81.9% in MMRd) (Supplementary Fig. 1).

3.2. Preoperative factors associated with advanced stage after primary
surgery

Univariate analysis was performed to test for associations between
preoperative clinical and molecular factors and the extent of the disease

59

after the surgery. All clinical parameters currently used for preoperative
risk assessment were significantly associated with the diagnosis of
advanced disease after the surgery: high-grade (OR 3.8, CI95% =
2.3-6.3) and non-endometrioid histotype (OR 4.8, CI95% = 2.9-8.1) in
preoperative biopsy, and suspected extrauterine disease in preoperative
imaging (OR 33.7, C195% = 18.3-61.9). However, the strongest associa-
tion with extrauterine disease was p53abn molecular subtype (OR 23.8,
CI95% = 3.1-181.1).

In the multivariate analysis, suspected extrauterine disease in preop-
erative imaging (aOR 24.2, CI95% = 12.2-48.2, p < .001) and p53abn
molecular subtype (aOR 16.0, CI195% = 1.5-165.1, p = .020) were the
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Table 2
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Univariate and multivariate analysis of preoperative variables associated to advanced FIGO stage (Ill-IV FIGO 2009) after the surgery. OR: Odds Ratio, aOR: Adjusted Odds Ratio.

Variable Univariate analysis Multivariate analysis
OR (C195%) p value aOoR (C195%) p value

Molecular profile POLEmut (Ref)

MMRd 3.7 (0.5-28.4) 0.210 5.0 (0.5-47.9) 0.159

NSMP 5.3 (0.7-40.0) 0.105 8.1 (0.9-75.7) 0.066

p53abn 23.8 (3.1-181.1) 0.002 16.0 (1.5-165.1) 0.020
Preoperative histological grade Low grade (Ref)

High grade 3.8(2.3-6.3) <0.001 1.1 (0.4-3.0) 0.839
Preoperative histology Endometrioid or atypical hyperplasia

Non-endometrioid 4.8(2.9-8.1) <0.001 1.9 (0.6-6.1) 0.253
Preoperative imaging assessment Uterine-confined (Ref)

Extrauterine spread 33.7 (18.3-61.9) <0.001 242 (12.2-48.2) <0.001

only factors independently associated to the finding of extrauterine
spread after primary surgery (Table 2).

3.3. Development of models for predicting extrauterine occult disease in
preoperative uterine-confined tumors

Out of the 537 patients (81.6%) with disease confined to the uterus
after preoperative imaging, we enrolled 366 patients for the develop-
ment of predictive models, as we needed a cohort of patients with pre-
operative uterine-confined tumors who had good quality and fully
available data (preoperative histotype and grade, molecular profile,
and imaging information are described in Fig. 1 and Supplementary
Table 1). In this selected group of preoperative uterine-confined
patients, a 7.1% finally presented occult extrauterine disease on defini-
tive pathology (Stages IlI-IV FIGO 2009). We constructed five different
logistic regression (LR) models including different preoperative vari-
ables to predict two different outcomes: the discovery of extrauterine
disease or the presence of nodal involvement after surgical staging
(Table 3). Risk model A, which combined molecular and imaging infor-
mation, showed the best performance for predicting extrauterine
disease (AUC = 0.69, AIC = 175.88) and nodal disease (AUC = 0.69,
AIC = 125.82) in patients with suspected uterine-confined disease at
preoperative setting.

In order to help preoperative decision-making, we developed classi-
fication and regression trees (CART) (Fig. 2). Myometrial invasion in
preoperative imaging was the best classifier for both outcomes, extra-
uterine and nodal disease. When myometrial invasion was under 50%
and in the absence of stromal cervical involvement, the risk for extra-
uterine disease and detection of occult nodal spread were the lowest

Table 3
Logistic regression risk models to predict the discovery of extra-uterine disease or nodal
involvement after surgical staging in patients with suspected uterine-confined disease.

RISK MODEL INCLUDED VARIABLES  Extra-uterine  Nodal disease
disease
AUC AIC AUC AIC
Preoperative grade
CURRENT MODEL FOR  Preoperative histotype
RISK ASSESSMENT Deep myoinvasion or 6634 18406 6634 184.06
cervical involvement
Molecular subtype
MODELA Deep myoinvasion or 69.73 175.88 69.91 125.82
cervical involvement
Preoperative grade
MODEL B Deep myoinvasion or 64.86 182.53 64.76 130.44
cervical involvement
Preoperative grade
MODEL C Deep myoinvasion or 5 93 15617 6458 11177
cervical involvement
Molecular subtype
MODEL D Molecular subtype 60.38 186.05 6038 186.05
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independently of histotype, grade or molecular subtype in preoperative
biopsy. When imaging suspected deep myometrial invasion or stromal
cervical involvement, molecular subgroup was the next most predictive
factor. p53abn molecular profile identified the group of patients with
the highest risk of extrauterine disease (OR 6.46, CI 95% = 2.06;20.32)
and occult nodal disease (OR 7.28 CI = 95%1.67,;31.80). Histotype and
grade in preoperative endometrial biopsy, which currently are corner-
stones for surgical tailoring, were not considered sufficiently predictive
by the CART algorithms to accurately discriminate patients who will be
upstaged in the presence of molecular information.

4. Discussion

We retrospectively performed molecular classification in a big co-
hort of EC tumors and assessed the association of molecular subtypes
with the presence of advanced stage after the surgery. We identified a
very high-risk group of patients with p53abn tumors that accounted
for >30% of nodal involvement and 7% of stage IVB FIGO 2009 after pri-
mary surgery. On the contrary, the subgroup of patients with POLEmut
EC showed a very low rate of extrauterine spread in primary surgery.
Patients with MMRd and NSMP tumors, who represented >75% of the
cohort, exhibited a risk of nodal involvement <10% and stage IVB FIGO
2009 < 2%. Molecular classification together with imaging assessment
were the only preoperative data that independently predicted the find-
ing of extrauterine spread after the surgery in multivariate analysis.

With the aim of understanding the clinical benefit of using EC molec-
ular profiling in the preoperative setting, we selected tumors considered
uterine-confined preoperatively and assessed the best combination of
preoperative variables to identify those patients at higher risk of bearing
occult disease. Logistic regression models showed again that combining
molecular and radiological information had the best performance to
predict extrauterine disease after surgery, over classical pathologic
information as histotype or grade.

Finally, we generated classification and regression trees (CART) to help
decision-making in preoperative setting when we face patients with
uterine-confined tumors. CART decision trees defined three risk groups
using only preoperative imaging tests and molecular classification.

Current preoperative assessment attempts to classify patients ac-
cording to their risk of having extrauterine disease. This preoperative
risk classification is important for different reasons. It assists in cost-
effectively selecting preoperative imaging tests according to the risk of
tumor spread [2,18]. It also helps to properly plan the surgical approach
(minimally invasive surgery is recommended in uterine-confined dis-
ease) and the extent of surgery (staging procedures as sentinel lymph
node biopsy, pelvic and para-aortic lymphadenectomy, omentectomy
or debulking procedures) [2,18]. A correct tailoring of surgery is essen-
tial to accurately learn the real burden of the disease, to indicate appro-
priate adjuvant treatments [2,4], and to know the patient's prognosis.
The latter is of outstanding importance when enrolling patients in
clinical trials to understand the real clinical benefits of an intervention.
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Myometrial invasion in preoperative imaging
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OR 6.46 (2.06;20.32)
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OR 7.28 (1.67;31.80)

OR 5.13 (1.36;19.42)

Fig. 2. Classification and regression tree (CART analysis) for preoperative decision-making in patients with suspected uterine-confined disease. OR: Odds Ratio.

The use of molecular classification to predict EC prognosis and re-
sponse to adjuvant treatments has been widely studied and it is the ra-
tionale of ongoing trials [24]. However, the application of molecular
subtypes in preoperative setting has been scarcely explored. Kommos
et al. described the stage at diagnosis of 452 patients with molecular
profiling performed on surgical specimen or preoperative biopsy. Simi-
larly to our results, they described a higher incidence of stage II-IVA
FIGO 2009 in p53abn tumors (47.3% vs. a median of 10.2% in the global
cohort, p < .001) and nodal invasion in 34.5% of p53abn tumors
(compared to 9% in NSMP and MMRd, and 0 in POLEmut, p < .001).
The authors did not provide information on peritoneal metastases or
stage IVB, and the multivariate analysis performed in their work
aimed to demonstrate the association of molecular classification with
prognostic outcomes [25].

Jamieson et al. performed molecular profiling in 172 EC tumors,
aiming to predict nodal invasion to tailor surgical decision. They obtained
21POLEmut (12.2%),47 MMRd (27.3%), 74 NSMP (43.1%), and 30 p53abn
(17.4%) tumors. The authors found a strong association between the
presence of nodal metastases and p53abn EC (44.8% of cases). On multi-
variate analysis, molecular subtype and preoperative CA125 > 25 Ul/mL
were significantly associated with lymph node disease. The authors did
not explore the impact of preoperative imaging information, and similar
to what was found in our work, preoperative grade and histotype were
not associated with nodal invasion in their analysis [19].

Previous studies have been published aiming the development of
preoperative tools to identify patients at-risk of extrauterine spread.
The Korean Gynecologic Oncology Group (KGOG) developed a preoper-
ative risk prediction model for nodal metastasis in endometrioid EC pa-
tients using as selecting criteria serum CA125 and radiological spread on
MRI. The KGOG model also excluded tumor grade in preoperative bi-
opsy. They achieved an AUC of 0.89 (95% CI, 0.82-0.95) in defining a
group of endometrioid EC patients at low risk of nodal involvement in
the validation dataset [26,27]. Reijnen et al. developed and externally
validated a Bayesian model for the prediction of nodal metastases and
disease-specific survival in EC patients. This model named ENDORISK
was built using only preoperative variables and included CA125,

61

tumor grade, hormonal receptors, p53, and L1CAM in preoperative bi-
opsy, lymphadenopathy on imaging, thrombocytosis and presence of
atypical endometrial cells in cervical cytology. This combination
achieved an AUC of 0.82 (95% CI, 0.76-0.88) for the prediction of
nodal metastases in the external validation over a retrospective cohort.
They found that p53, hormone receptors, and L1CAM were good predic-
tors of nodal invasion in their model [28,29].

According to ESGO/ESTRO/ESP recent guidelines [2], in the preoper-
ative workup of EC patients it is required a risk group allocation accord-
ing to biopsy histotype and grading for adequate planning of surgical
therapy [30]. The NCCN Clinical Guidelines on Uterine Neoplasms [18]
state that the histologic information obtained from an endometrial
biopsy should be sufficient for planning definitive treatment. Neverthe-
less, in this study we observed that preoperative histotype and grade
were not independently associated with extrauterine disease in
preoperative setting, but molecular classification and imaging assess-
ment were. These two preoperative variables were the most significant
in the prediction models for risk allocation of patients with uterine-
confined disease.

To our knowledge, this is the first report showing the independent
association of EC molecular subtypes and extrauterine disease in preop-
erative setting, and its high relevance when compared to other preoper-
ative information. A possible limitation of our study is the fact that
molecular profiling has been retrospectively performed on preoperative
biopsy or surgical specimens depending on tissue availability. However,
a high correlation between both samples, especially in p53abn tumors,
has been extensively demonstrated [20,21], therefore we do not expect
this to influence the results of the study. We also consider a limitation
the inclusion of patients with tissue availability and non-consecutive
patients, though a selection bias may have occurred. The retrospective
nature of the study and the fact that staging procedures were not per-
formed in the whole cohort may also impact the results. Curiously,
POLEmut molecular subtype was not considered a strong predictor by
CART models to identify patients at low-risk for upstaging. We hypoth-
esize that the low number of patients with this molecular profiling
could have influenced this fact.
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We conclude that performing molecular classification routinely on
diagnostic endometrial biopsies may improve current preoperative
risk assessment and help to identify patients at higher risk of extrauter-
ine disease. Further research is needed to understand the role of
molecular profiling in preoperative setting, and its application to tailor
surgery. In this line, a prospective trial has been initiated to assess the
benefit of performing different surgical staging procedures in EC accord-
ing to molecular subtypes [5]. This study will provide information on the
most effective surgical strategies for each molecular subgroup, which
will be particularly important for patients with preoperative uterine-
confined disease and frail patients, who will benefit the most from
well-balanced surgical efforts.
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Molecular profile is a strong predictor of
the pattern of recurrence in patients with

endometrial cancer

Ana Luzarraga Aznar

ABSTRACT

Objectives To investigate the pattern of first recurrence
of disease in patients with endometrial cancer according
to molecular classification, and to assess the independent
role of molecular profiling in each type of failure.
Methods Retrospective single-center study including
patients diagnosed with endometrial cancer stage |-IVB
(International Federation of Gynecology and Obstetrics
2009) between December 1994 and May 2022, who
underwent primary surgical treatment and had a complete
molecular profile. First recurrence was classified as
isolated or multiple, and as vaginal, pelvic, peritoneal,
nodal, and distant according to its location. The log-

rank test and univariate and multivariate adjusted Cox
regression models were used for comparison between
groups.

Results A total of 658 patients were included.
Recurrence was observed in 122 patients (18.5%) with

a recurrence rate of 12.4% among mismatch-repair
deficient tumors, 14.5% among non-specific molecular
profile, 2.1% among POLE-mutated, and 53.7% among
p53-abnormal tumors. Recurrences were found to be
isolated in 80 (65.6%) and multiple in 42 (34.4%) patients,
with no differences in molecular subtype (p=0.92).
Patients with p53-abnormal tumors had a recurrence
mainly as distant (28.4%) and peritoneal (21.1%) disease,
while patients with non-specific molecular profile tumors
presented predominantly with distant failures (10.3%),
and mismatch-repair deficient tumors with locoregional
recurrences (9.4%).

On multivariate analysis, p53-abnormal molecular profile
was the only independent risk factor for peritoneal failure
(OR=8.54, 95% Cl 2.0 to 36.3). Vaginal recurrence was
independently associated with p53-abnormal molecular
profile (OR=6.51, 95% Cl 1.1 to 37.4) and lymphovascular
space invasion. p53-abnormal and non-specific molecular
profiles were independent predictors for distant recurrence
(OR=3.13,95% CI 1.1 to 8.7 and OR=2.35, 95% CI 1.1

to 5.0, respectively), along with lymphovascular space
invasion and high-grade tumors. Molecular profile was
not independently associated with pelvic and nodal
recurrences.

Conclusions Endometrial cancer featured different
patterns of recurrence depending on the molecular
profile. p53-abnormal molecular profiling was the only
independent risk factor for peritoneal relapse, while non-
specific molecular profile showed a strong association with

,! Vicente Bebia," Carlos Lépez-Gil,? Beatriz Villafranca-Magdalena,?
Lourdes Salazar-Huayna,® Josep Castellvi,® Eva Colas,?* Antonio Gil-Moreno,"?® Silvia Cabrera

1,4

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Molecular profile of endometrial cancer is a strong
independent prognostic factor and predicts the re-
sponse to adjuvant treatment. However, its influence
on the pattern of recurrence is unknown.

WHAT THIS STUDY ADDS

= Molecular subgroups of endometrial cancer present
distinctive recurrence patterns. Molecular profile is
a stronger independent predictor for vaginal, peri-
toneal, and distant recurrence than classic histo-
logic factors. p53-abnormal is the sole independent
risk factor for peritoneal relapse, and non-specific
molecular profile independently predicts distant
recurrence.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= In this study, molecular profiling emerges as a more
robust predictor of recurrence patterns compared
with traditional histologic factors in certain locations.
This suggests the potential of molecular classifica-
tion in personalizing follow-up protocols for patients
with endometrial cancer, potentially enhancing de-

tection of early recurrence.

INTRODUCTION

Endometrial cancer is the most common gynecolog-
ical cancer in developed countries’ and has an overall
good prognosis, with an 80% 5-year survival rate.?
However, approximately 15-20% of patients will
experience a recurrence,® * resulting in poor onco-
logical outcomes, with a median survival that ranges
from 10 to 21 months.*® The prognosis of recurrent
endometrial cancer is associated with the pattern of
recurrence. The survival is generally worse in cases of
distant, peritoneal, or multiple recurrences, compared
with locoregional or oligometastatic relapse, since
those may be suitable for local treatments.® 5~
Understanding the factors that influence the pattern
of recurrence is essential to optimize patient manage-
ment and follow-up.

Traditional histopathological features, such as

Int J Gynecol Cancer distent failures histological type and grade, International Federa-
2024;34:659-666. : tion of Gynecology and Obstetrics (FIGO) stage, and
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lymphovascular space invasion, have been associated with different
failure patterns in previous studies. Specifically, distant recurrence
is associated with high-grade and non-endometrioid tumors,®8°
advanced FIGO stages,” and lymphovascular space invasion.>"
Nodal recurrence is related to lymphovascular space invasion and
nodal disease at diagnosis,''~'® and peritoneal recurrence to non-
endometrioid histology.'?

In 2013, The Cancer Genome Atlas Research Network' identi-
fied four subgroups of endometrial cancer with distinct genomic
expression and clinical outcomes. In the last years, the use of
surrogate markers has facilitated its application in clinical practice
by combining POLE mutational analysis with immunohistochem-
istry analysis of p53 and mismatch repair proteins.'>"'7 There-
fore, patients with endometrial cancer can be classified into four
molecular subgroups: POLE-mutated (POLE-mut), mismatch repair
deficient (MMR-d), non-specific molecular profile (NSMP), and
p53-abnormal (p53-abn). The independent prognostic role of the
molecular profile has been consistently demonstrated, leading to
the integration of molecular subgroups in the current classification
system'® and treatment guidelines,?® with a shift towards a model
based on molecular and histologic features. However, there is a
lack of studies assessing the association between molecular profile
and the pattern of recurrence in endometrial cancer.

In this study, we aimed to analyze the pattern of first recurrence
of patients with endometrial cancer according to their molecular
classification, and to assess if molecular profile plays an indepen-
dent role on each pattern of first failure, compared with pathology,
surgical and adjuvant treatment.

METHODS

Patient Characteristics

This is a retrospective single-center observational study including
patients diagnosed with endometrial cancer stage I-IVB (FIGO
2009)' and who underwent surgical treatment at Hospital Vall d’He-
bron in Barcelona between December 1994 and May 2022. Patients
diagnosed with histologies other than adenocarcinoma, who did not
undergo surgical primary treatment, without tumor tissue sample
available to perform molecular profile, or with incomplete medical
records were excluded from the analysis. Clinical information was
collected for each patient, including diagnostic information, surgical
and adjuvant treatment, clinical follow-up, and in the case of recur-
rence, location and date of recurrence.

Only first recurrences were considered for statistical analysis.
Recurrences were classified according to their location as vaginal,
pelvic (pelvic tissues other than vagina), peritoneal, nodal (only
if pelvic and/or aortic nodal relapse), and distant (recurrence in
extra-abdominal areas such as lungs, brain, liver, bones, as well as
lymph nodes outside the pelvic or para-aortic regions). We recorded
whether the first recurrence was isolated or multiple, and patients
who presented with simultaneous recurrences in different locations
were accounted for in each of the corresponding recurrence groups.

Surgical and adjuvant treatment was based on current inter-
national recommendations at the time of diagnosis, and molec-
ular profile did not influence the therapeutic management of the
patients included in the study. Tumor staging was determined
based on final pathology reports and reclassified according to FIGO

2009 guidelines.?' Clinicopathological data were collected from
institutional records, and codified information was registered into a
RedCap database. This study was approved by the hospital’s insti-
tutional review board (Vall d’Hebron University Hospital Research
Ethics Committee) and codified as PRAMI276-2018. Authorization
for research was granted for the patients included in the present
study.

Molecular Classification

The molecular profiling of all patients was performed in the pre-
operative endometrial biopsy or hysterectomy specimen using
immunohistochemical analysis of mismatch repair (PMS2, MLH1,
MSH2, MSH6) and p53 proteins, as well as the evaluation of somatic
POLE mutation by genotyping using KASP technology to identify
five of its most common hotspot mutations sites (P286R, S297F,
V4111, A456P, S459F).% Patients were classified as POLE-mut,
MMR-d, NSMP or p53-abn, as per the European Society of Gynae-
cological Oncology/European Society for Radiotherapy and Oncolo-
gy/European Society of Pathology (ESGO/ESTRO/ESP) guidelines.?
Patients harboring more than one molecular feature were classified
according to the guideline’s recommendations.

Statistical Analysis

Continuous variables were expressed as median values with QR
and were compared using Student’s t-test, Welch’s £ test, or the
Mann-Whitney test, as appropriate. Categorical variables were
expressed as frequencies with percentages and compared using
the y? test or the Fisher exact test.

Oncologic outcomes were analyzed with the Kaplan-Meier
method, whereas the log-rank test and univariate and multivariate
adjusted Cox regression models were used for the comparison
between groups. For the construction of the multivariate model,
a selection method based on maximum likelihood estimation and
Akaike information criterion was used, considering all relevant vari-
ables related to the primary end point. Disease-free survival was
defined as the time from the date of surgery to diagnosis of the
recurrence. Overall survival was defined as the time from the date
of surgery to death or last follow-up for those patients who were not
deceased. Patients were censored at the time of the last follow-up if
they did not experience an event. Disease-free survival and overall
survival were calculated for the whole cohort of patients.

The STATA statistical program (version 14.2) was used for data
analysis.

RESULTS

Clinicopathological and Survival Characteristics
We included 658 patients diagnosed with endometrial adenocar-
cinoma who underwent surgery and had a complete molecular
profile. Median age at diagnosis was 64 years (IQR 56—73). Most
patients were diagnosed at early stages (86.2%, n=567), with
endometrioid carcinoma (82.1%, n=540) and low-grade tumors
(61.7%, n=406). Lymphovascular space invasion was observed in
20.2% (n=133) of cases. Overall, 42.8% (n=282) of tumors were
NSMP, 35.5% (n=234) MMR-d, 14.4% (n=95) p53-abn, and 7.1%
(n=47) POLE-mut.

In comparison with the other groups, patients with p53-abn tumors
exhibited a significantly higher incidence of non-endometrioid

660 Luzarraga Aznar A, et al. Int J Gynecol Cancer 2024;34:659-666. doi:10.1136/ijgc-2023-005165
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Table 1 Characteristics of the study sample and survival data

Variable (mean (SD),
median (IQR) or n NSMP POLE-mut Total
(%)) MMR-d (n=234) (n=282) (n=47) p53-abn (n=95) (n=658) P value
Demographics
Age (years) 64 (56-75) 64 (56-70.5) 57 (52-63) 67 (62-75) 64 (56-73) 0.043
BMI (kg/m?) 30.0 (26.7-34.1) 30.4 (26.2-35.6) 28.3 (24.5-34.9) 29.1 (24.5-34.9) 30.0(26.0-35.0) 0.35
Histology
Endometrioid 215 (91.9) 267 (94.7) 42 (89.4) 16 (16.8) 540 (82.1) <0.001
Serous 7 (3.0) 2(0.7) 1(2.1) 51 (53.7) 61 (9.3)
Clear cell 3(1.3) 1(0.4) 2 (4.3 1(1.1) 7(1.1)
Carcinosarcoma 2 (0.9) 4(1.4) 0 (0.0) 14 (14.7) 20 (3.0)
Mixed 3(1.2) 2 (0.7) 1(2.1) 6 (6.3) 12 (1.8)
Mucinous 1(0.4) 0 (0.0) 0(0.0) 0(0.0) 1(0.2)
Undifferentiated 2 (0.9) 1(0.4) 0(0.0) 3.2 6 (0.9)
Other 7 (3.0) 8(2.8) 24.2) 13 (13.7) 30 (4.5)
Grade
G1-2 151 (64.5) 221 (78.3) 29 (61.7) 5 (5.3) 406 (61.7) <0.001
G3 82 (35.0) 60 (21.3) 18 (38.3) 88 (92.6) 248 (37.7)
Unknown 1(0.4) 1(0.4) 0 (0.0) 2 2.1) 4(0.6)
Other parameters
LvSI 49 (20.9) 44 (15.6) 4 (8.5) 36 (37.9) 133 (20.2) <0.001
Maximum tumor 40 (28-52) 30 (20-42) 30 (20-45) 40 (25-60) 35 (22-50) <0.001
diameter (mm)
FIGO stage
| 135 (57.7) 160 (56.7) 40 (85.1) 36 (37.9) 371 (56.4) <0.001
I 77 (32.9) 91 (32.3) 6 (12.8) 22 (23.2) 196 (29.8)
1] 15 (6.4) 23 (8.1) 0(0.0) 22 (23.1) 60 (9.1)
\% 2(0.8) 6 (2.1) 1(2.1) 8(8.4) 17 (2.6)
Unknown 5(2.1) 2(0.7) 0(0.0) 7(7.4) 14 (2.1)
Adjuvant treatment
Adjuvant treatment 156 (66.7) 182 (64.5) 25 (53.2) 74 (77.9) 437 (66.4) 0.010
External 111 (47.4) 119 (42.2) 17 (36.2) 41 (43.2) 288 (43.8) 0.87
radiotherapy
Brachytherapy 81 (34.6) 107 (37.9) 14 (29.8) 33 (34.7) 235 (35.7) 0.21
Chemotherapy 20 (8.6) 28 (9.9) 2 (4.3) 43 (45.3) 93 (14.1) <0.001
Survival data
Median follow-up  5.51 (2.54-9.56) 4.74 (1.59-8.36) 10.25 (2.99- 5.33 (1.96-8.21) 5.33 (2.0-9.4) <0.001
(years, IQR) 15.61)
08, 5 years (%, 89.0 (83.2t092.8) 90.5 (85.4 to 100 (NAto NA) 54.1 (41.4to 85.5(92.0 to <0.001
95% Cl) 93.9) 65.2) 88.3)
DFS, 5 years (%, 81.9(75.5t086.9) 78.8(72.1to 97.8 (85.6 to 33.1 (229 to 74.6 (70.5 to <0.001
95% Cl) 84.0) 99.7) 43.6) 78.2)

BMI, bodymass index; DFS, disease-free survival; FIGO, International Federation of Gynecology and Obstetrics; G3, grade
3; G1-2, grade 1-2; LVSI, lymphovascular space invasion; MMR-d, mismatch repair deficient; NSMP, non-specific molecular
profile; OS, overall survival; p53abn, p53-abnormal; POLE-mut, POLE-mutated.

(83.2%, p<0.001) and high-grade tumors (92.6%, p<0.001) and advanced stages, and the vast majority (77.9%, p=0.01) received
presented the highest rate of lymphovascular space invasion adjuvant treatment, with almost half of patients being treated with
(37.9%, p<0.001). Up to 31.5% of these patients were diagnosed at adjuvant chemotherapy.
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Patients with POLE-mut tumors were the youngest at diagnosis
among the entire cohort (p=0.043). They presented more non-
endometrioid (10.6%) and high-grade tumors (38.3%) than patients
with MMR-d and NSMP tumors (p<0.001). All POLE-mut patients but
one were diagnosed at initial FIGO stages. These patients received
significantly less adjuvant treatment than the other groups, partic-
ularly with chemotherapy (4.3%, p<0.01)

Patients with NSMP tumors presented the highest incidence of
endometrioid (94.7%) and low-grade tumors (78.3%, p<0.001)
among the entire cohort. NSMP and MMR-d tumors were diag-
nosed in 89% and 90.6% of cases in early stages and exhibited
similar rates of adjuvant treatment with radiotherapy and chemo-
therapy (Table 1)

After a median follow-up of 5.33 years (IQR 2-9.4), the average
5-year overall survival and disease-free survival for the entire
cohort was 85.5% and 74.6%, respectively. Among all patients,
those with p53-abn tumors presented the worst 5-year overall
survival and disease-free survival (54.1% and 33.1%, respectively),
while patients with POLE-mut tumors exhibited excellent prog-
nostic outcomes, with an overall survival and disease-free survival
of 100% and 97.8%, respectively (p<0.001). No death related
to endometrial cancer was recorded among patients harboring
POLE-mut tumors. Patients with MMR-d and NSMP tumors had a
similar intermediate prognosis (Table 1, Figure 1).

Recurrence Pattern According to Molecular Profile

Of the 658 patients, 122 (18.5%) experienced a recurrence. The
most frequent location of recurrence was distant (10.8%) followed
by peritoneal and nodal (5.3% and 5.2%, respectively) and lastly
by vaginal and pelvic recurrences (3.2% and 2.3%, respectively).
Recurrences were isolated in 65.6% of cases and multiple in 34.4%
of cases, with no differences in this distribution regarding molec-
ular subtype (p=0.92).

The location of the recurrence was significantly influenced by the
molecular profile. The p53-abn group presented the highest rate of
relapse (53.7%, p<0.001), and disease in these patients recurred
more frequently in the form of distant and peritoneal recurrences
(28.4% and 21.1%, respectively, p<0.001). NSMP and MMR-d
groups showed similar rates of total recurrences (14.5% and
12.4%), although NSMP presented with distant failures in a higher
proportion (10.3% vs 6.4%, p<0.001) and MMR-d with locoregional
(vaginal, pelvic, and nodal) relapses (9.4%). The POLE-mut group
experienced the lowest rate of relapse (2.1%), corresponding to a
unique patient with aortic nodal recurrence treated locally, who was
free of disease at the end of follow-up (Table 2).

Recurrence According to Clinicopathologic and Molecular
Features

In multivariate analysis, p53-abn molecular profile showed the
strongest association with recurrence (OR=20.06, 95% Cl 2.4
to 166.5). FIGO stage, lymphovascular space invasion, and high-
grade tumors were also independent risk factors for recurrence.
When assessing risk factors according to the location of relapse,
we observed that p53-abn was the strongest predictor for vaginal
recurrence (OR=6.51, 95% CI 1.1 to 37.4). Lymphovascular space
invasion also showed an independent association (OR=4.30, 95%
Cl 1.4 to 12.7), while adjuvant radiotherapy remained a protective
factor (OR=0.13, 95% Cl 0.04 to 0.39).

Regarding pelvic and nodal recurrences, the molecular profile
did not show an independent association in the multivariate anal-
ysis. Only the administration of radiotherapy was associated with
a lower risk of pelvic recurrences (OR=0.19, 95% Cl 0.05 to 0.80),
whereas high-grade tumors showed a strong association with nodal
recurrence (OR=10.91, 95% Cl 3.2 to 37.5). Multivariate analysis

confirmed that p53-abn remained the only independent risk factor

for peritoneal recurrence (OR=8.54, 95% Cl 2.0 to 36.3), and no
independent association with other histopathologic features, such
as non-endometrioid histology or grade, was observed. Both NSMP
and p53-abn groups were independent predictors for distant recur-
rence, along with lymphovascular space invasion and high-grade
tumors, whereas adjuvant chemotherapy or non-endometrioid
histology were not found to be independently associated with
distant failure (Table 3).

A
2 Overall Survival Kaplan-Meier Estimates
2
o
3
o
Q.
o
8.
o T T T T T T
0 1 2 3 4 5
analysis time (yr)
POLEmut NSMP
MMRd —— p53abn
s Disease-Free Specific Survival Kaplan-Meier Estimates
2
o
3
o
Q.
o
o
Q -
o v T T T T T
0 1 2 3 4 5
analysis time (yr)
— POLEmut NSMP
MMRd p53abn

Figure 1 (A) Overall survival according to molecular profile.
(B) Disease-free survival according to molecular profile.
NNR-d, mismatch repair deficient; NSMP, non-specific
molecular profile; p53abn, p53-abnormal; POLEmut, POLE-
mutated.
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Table 2 Pattern of recurrence and molecular profile

Variable (n (%))

MMR-d (n=234) NSMP (n=282) POLE-mut (n=47) p53-abn (n=95) Total (n=658) P value

Total recurrence 29 (12.4) 41 (14.5)
Location of the recurrence
Vaginal recurrence 10 (4.3) 5(1.8)
Pelvic recurrence 5(2.1) 5(1.8)
Nodal recurrence 7 (3.0 12 (4.3)
Peritoneal recurrence 7 (3.0 8 (2.8)
Distant recurrence 15 (6.4) 29 (10.3)
Number of recurrence sites
Single site recurrence® 19 (65.5) 28 (68.3)
Multiple sites recurrence* 10 (34.5) 13 (31.7)

1@2.1) 51 (53.7) 122 (185  <0.001
0(0.0) 6 (6.3) 213.2) 0.06
0(0.0) 5 (5.3) 15 (2.3) 0.20
1@2.1) 14 (14.7) 34 (5.2) <0.001
0(0.0) 20 (21.1) 35 (5.3) <0.001
0(0.0) 27 (28.4) 71 (10.8) <0.001
1 (100.0) 32 (62.8) 80 (65.6) 0.92
0(0.0) 19 (37.3) 42 (34.4)

*Percentages are expressed over the total sum of patients who experienced a recurrence.
MMR-d, mismatch repair deficient; NSMP, non-specific molecular profile; p53abn, p53-abnormal; POLE-mut, POLE-mutated.

DISCUSSION

Summary of Main Resulis

Our findings revealed distinct recurrence patterns among molecular
subgroups, with molecular profile emerging as an independent risk
factor for vaginal, distant, and peritoneal recurrences, and showing
no impact on pelvic and nodal failures. Notably, the p53-abn group
was the sole independent predictor for peritoneal recurrence, and,
along with NSMP, independently predicted distant failures.

Results in the Context of Published Literature

To date, only one study has analyzed recurrence patterns based
on molecular profile in endometrial cancer,”® including only first
recurrences classified as locoregional, peritoneal, and distant
recurrences. Patients with multiple recurrence sites were allocated
into the most aggressive recurrence location group. In this study,
patients with p53-abn tumors presented predominantly with perito-
neal and distant recurrence, while NSMP recurred mainly distantly
and MMR-d locoregionally. These findings are consistent with our
results, which may suggest a reproducibility in the recurrence
pattern for each molecular profile.

The poor prognosis of the p53-abn group observed in our cohort,
and consistent with previous reports,’*'® could be attributed to its
high rate of peritoneal and distant recurrences, which are associ-
ated with the worst survival outcomes.®* " However, Siegenthaler
et al described that p53-abn tumors harbored the poorest prog-
nosis regardless of the recurrence location, highlighting the inde-
pendent prognostic signature of p53-abn molecular profile.2 We
also observed that p53-abn was the only independent risk factor
for peritoneal recurrence, while non-endometrioid histology and
other histopathologic factors classically associated with peritoneal
disease'® % did not exhibit an independent association. These find-
ings suggest that p53-abn molecular profile is the sole determinant
factor for peritoneal recurrence, exhibiting a biological behavior like
that of high-grade serous ovarian cancer, which frequently features
p53 mutations.?®
I.  Despite its excellent histopathologic prognostic features at

diagnosis, NSMP group recurred mostly with distant disease.
Additionally, NSMP group was an independent predictor for
distant recurrence, along with p53-abn group. These findings

are consistent with those published by Stelloo et al,?® report-

ing 39% of distant failures for NSMP tumors, and with those
of Siegenthaler et al and Luzarraga et al.>> % However, the
NSMP group exhibits a variable prognosis, and new molecular
factors, such as the presence of L1CAM or the absence of
estrogen receptors, have been recently described as predic-
tors of worst prognosis.23" A recent study® identified the
presence of estrogen receptors in NSMP as an independent
protective factor against recurrence, highlighting the potential
utility of this biomarker for better understanding the behavior
of this molecular subgroup.

Our findings also revealed that patients with MMR-d tumors
experienced more locoregional recurrences, consistent with the
report of Kim et al,%2 which found that MMR-d tumors were more
likely to recur in retroperitoneal lymph nodes. Moreover, in our
cohort MMR-d tumors showed a non-significant trend towards
vaginal relapse, which may suggest a predisposition for local fail-
ures in these tumors. Conversely, radiotherapy demonstrated a
protective effect for both vaginal and pelvic recurrences, in line with
previous clinical trials highlighting its role in reducing locoregional
recurrences. >3

Within the POLE-mut group, only one patient exhibited a recur-
rence (an aortic nodal relapse treated locally) and remained
disease-free at the end of follow-up. This low recurrence rate, along
with the excellent post-relapse prognosis is in accordance with the
results of the meta-analysis published by McAlpine et al*® evalu-
ating 294 patients with POLE pathogenic mutations, describing only
11 (3.7%) patients with recurrence, of whom 8 (72.7%) are alive
and without disease after treatment.

In our cohort, almost half of the patients of the POLE-mut group
received adjuvant treatment, mostly with radiotherapy. Looking at
the good prognosis of this group, with only one recurrence, a de-es-
calation of the adjuvant treatment seems reasonable to avoid toxic-
ities without compromising survival, in accordance with current
recommendations.'®2° Conversely, p53-abn group received 81% of
adjuvant treatment, of which 45% was with adjuvant chemotherapy.
According to previous evidence, this group would benefit most from
the addition of chemotherapy to radiotherapy, and these rates of
adjuvant chemotherapy would be higher according to the current
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Table 3 Multivariate analysis on risk factors for each location of recurrence in patients with endometrial cancer

Recurrences Total Vaginal Pelvic Nodal Peritoneal Distant
OR OR OR OR
OR (95% (95% (95% (95% OR (95 (95%
Variable Cl) Pvalue CI) Pvalue CI) P value CI) Pvalue CI%) Pvalue Cl) P value
Molecular NSMP 7.44 (0.97 0.054 Ref Ref 2.10 0.496 Ref 2.35 0.028
profile to 57.30) (0.25to (1.10to
17.78) 5.04)
MMR-d 4.80 0.134 3.26 0.056 1.19 0.818 1.10 0.927 0.89 0.842 Ref
(0.62 to (0.97 to (0.28 to (0.13to (0.27 to
37.27) 10.97) 5.08) 9.81) 2.89)
p53-abn 20.06 0.005 6.51 0.036 1.36 0.797 292 0.347 8.54 0.004 3.13 0.028
(2.42 to (1.13to (0.13to (0.31to (2.00 to (1.13to
166.54) 37.41) 13.78) 27.36) 36.34) 8.66)
POLE-mut Ref - - Ref - -
Histology Endometrioid Ref Ref Ref Ref Ref Ref
Non-endometrioid 0.71(0.31 0.418 0.17 0.047 0.27 0.270 0.78 0.696 0.74 0.684 0.85 0.76
to 1.64) (0.03 to (0.03 to (0.22 to (0.17 to (0.32to
0.98) 2.80) 2.68) 3.16) 2.31)
LvsI Negative Ref Ref Ref Ref Ref Ref
Positive 2.78 (1.61 <0.001  4.30 0.009 2.04 0.371 1.18 0.718 0.76 0595 6.15 <0.001
to 4.80) (1.45to (0.43to (0.49 to (0.28 to (3.20 to
12.76) 9.81) 2.84) 2.09) 11.81)
Grade Low grade Ref Ref Ref Ref Ref Ref
High grade 3.67 (1.97 <0.001 1.89 0.313 2.78 0.232 1091 <0.001 1.35 0.632 243 0.023
t0 6.83) (0.55to (0.52 to (3.18to (0.39 to (1.13to
6.52) 14.92) 37.50) 4.63) 5.23)
FIGO stage |-l Ref - Ref Ref Ref Ref
-1V 2.32(1.05 0.038 3.00 0.207 1.66 0.397 271 0.115  1.40 0.46
to0 5.13) (0.54 to (0.51to (0.78 to (0.58 to
16.62) 5.39) 9.32) 3.39)
Radio No Ref Ref Ref Ref Ref -
HEEEY Yes 0.79 (0.46 0.418 0.13 <0.001 0.19 0.023 0.68 0.396 0.82 0.650
to 1.34) (0.04 to (0.05 to (0.28 to (0.35to
0.39) 0.80) 1.65) 1.93)
Chemo No Ref - Ref Ref Ref
-therapy
Yes 0.83 (0.37 0.648 1.02 0.968 0.58 0.397 1.33 0.54
to 1.85) (0.32to (0.17 to (0.54 to
3.28) 2.03) 3.25)
*Any modality.

FIGO, International Federation of Gynecology and Obstetrics; LVSI, lymphovascular space invasion; MMR-d, mismatch repair deficient; NSMP, non-specific molecular profile; p53-

abn, p53-abnormal; POLE-mut, POLE-mutated.

recommendations. Current clinical trials® will help to provide the
evidence to change our indications of adjuvant treatment.

Finally, we found no differences in the number of recurrence sites
among the four molecular subgroups, with single-site recurrence
being the most frequent pattern, comparable to that published by
Bricou et al.* This novel discovery suggests that molecular profile
does not correlate with the number of recurrence sites at first
relapse.

Strengths and Weaknesses

To our knowledge, this is the first study evaluating the inde-
pendent role of molecular profile in predicting different loca-
tions of relapse. The major strength of the present study is
the long follow-up, which gave us the opportunity to evaluate
late recurrences, as well as the large sample size. Neverthe-
less, the retrospective design of the study introduces limita-
tions and potential bias. Furthermore, molecular profiling was
performed retrospectively either on the pre-operative biopsy

or hysterectomy specimen, depending on tissue availability at
the time of molecular analysis. However, this limitation is miti-
gated by the well-established high reproducibility of molecular
profile between pre-operative and post-operative samples.*® 3

Implications for Practice and Future Research

In this study, molecular profiling emerges as a more robust
predictor of recurrence patterns compared with traditional
histologic factors in certain locations. This suggests the poten-
tial of molecular classification for personalizing follow-up proto-
cols for patients with endometrial cancer, potentially enhancing
early recurrence detection. However, further research is needed
to translate these findings into clinical practice and provide
additional insights for a more precise clinical decision-making.

CONCLUSIONS

Molecular subgroups of endometrial cancer exhibit distinctive
recurrence patterns, with molecular profile emerging as a stronger

664
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independent predictor for vaginal, peritoneal, and distant relapse
than classic histologic factors. The p53-abn group acts as the sole
independent predictor for peritoneal recurrence in patients with
endometrial cancer .
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ABSTRACT

Objectives The objective of our study was to describe
the characteristics of patients with endometrial cancer
diagnosed with a first recurrence involving the lung, and
to describe the prognostic role of the molecular profile. We
also aimed to describe the prognostic outcomes after local
treatment of recurrence (resection of lung metastases or
stereotactic body radiation therapy) in a group of patients
with isolated lung recurrence.

Methods This was a retrospective, single-center study
between June 1995 and July 2021. The study included
patients diagnosed with a first recurrence of endometrial
cancer involving the lung. We defined two groups of
patients: patients with isolated lung recurrence (confined
to the lung) and patients with multisystemic recurrence (in
the lung and other locations).

Results Among 1413 patients diagnosed with
endometrial cancer in stage IA to IVA of the
International Federation of Gynecology and Obstetrics
(FIGO) 2009, 64 (4.5%) patients had a first recurrence
involving the lung. Of these, 15 (39.1%) were of a
non-specific molecular profile, 16 (25%) were p53-
abnormal, 15 (23.4%) were mismatch-repair deficient,
and 0% POLE-mutated. P53-abnormal patients had
the shortest 3 year progression-free survival after
recurrence and those with mismatch-repair deficient
had the longest 3 year progression-free survival
(14.3% (range; 1.6—40.3) and 47.6% (range; 9.1-
79.5) respectively, p=0.001). We found no differences
on overall survival after recurrence by molecular
profile. Thirty-one of 64 (48.4%) patients had an
isolated recurrence in the lung, and 16 (25%) patients
received local treatment. When comparing patients
with isolated lung recurrence, locally treated patients
had a longer median progression-free survival than
patients treated systemically (41.9 (range, 15.4-

NA) vs 7.8 (range, 7.2-10.6) months respectively,
p=0.029), a complete response rate of 80% for
stereotactic body radiation therapy and a complete
resection of 90.9% for surgery.

Conclusion Although few patients will benefit from local
treatment (stereotactic body radiation therapy or resection)
after a recurrence involving the lung, local therapies

might be considered as an option in oligometastatic lung
recurrences as they achieve high local control rates and
better oncological outcomes than systemic treatment

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The use of stereotactic body radiation therapy or re-
section of lung metastases in oligometastatic lung
recurrences offers survival benefits in solid tumors.

WHAT THIS STUDY ADDS

= In patients with endometrial cancer and oligomet-
astatic lung recurrence, local treatment (with ste-
reotactic body radiation therapy or resection of lung
metastases) shows excellent local control rates and
may improve progression-free survival over system-
ic treatment alone. The molecular profile of the pri-
mary tumor has no impact on overall survival after
lung recurrence but has an influence on post-relapse
progression-free survival, with p53-abnormal pa-
tients having the shortest time to progression.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study highlights the importance of considering
local treatments in selected patients with oligomet-
astatic lung recurrences. More evidence is needed
regarding the prognostic role after recurrence of
molecular profiling in endometrial cancer and dis-
tant relapse.

INTRODUCTION

Endometrial cancer is the most common gynecolog-
ical cancer in developed countries', and up to 20%
of patients will relapse after primary treatment.? In
the case of distant relapses, the lung parenchyma is
the most common site of metastatic disease,® with
an incidence ranging between 1.9% and 9% in first
recurrence.*” In multisystemic recurrences (involving
the lung and other organs), systemic treatment is
the standard of care. In hormone positive tumors,
hormonal treatment has shown acceptable prognostic
outcomes, with 5 year survivals of 38%.” However, the
prognosis of tumors treated with systemic chemo-
therapy is poor, with only 6% of patients surviving
more than 5 years.®

Among patients diagnosed with a pulmonary

Int J Gynecol Cancer alone recurrence, some may present with an isolated lung
2023;33:1564-1571. i relapse, with the potential for long-term disease
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control and improved prognosis.® Currently, two local strategies
have been described for the treatment of isolated lung recur-
rence in endometrial cancer: stereotactic body radiation therapy
and surgery. Both®'* have demonstrated an improvement in local
disease control and progression-free survival compared with stan-
dard systemic treatment with chemotherapy. Previous evidence on
this subject has analyzed multiple gynecologic malignancies and
multiple metastatic locations together, resulting in heterogenous
populations with distinct prognosis. Thus, potential for local control
and survival benefit of local treatments in patients with endometrial
cancer and isolated lung relapse remains unclear and needs further
evaluation.

Recently, molecular profiling has been established as an inde-
pendent prognostic factor in addition to the classic clinicopath-
ological factors.''® Patients with endometrial cancer can be
classified into four molecular groups with their own prognostic
characteristics: POLE-mutated patients, with an excellent prog-
nosis; p53-abnormal, with the most unfavorable prognosis, and
mismatch repair deficiency or non-specific molecular profile with
intermediate prognosis. To date, only one study has analyzed the
role of molecular classification in relapsed endometrial cancer,'
revealing an influence on the pattern of recurrence and prognosis
after relapse.

The objective of our study was to describe the characteristics
of endometrial cancer patients with a first recurrence involving
the lung, analyzing the distribution of demographic, pathological,
molecular and prognostic characteristics, as well as the prognostic
role of molecular profile. We also aimed to describe the prognostic
outcomes after local treatments (resection or stereotactic body radi-
ation therapy) in the group of patients with isolated lung recurrence.

METHODS

This is an observational, retrospective single-center study including
consecutive women diagnosed with endometrial adenocarcinoma
at stage I-IVA at diagnosis, who presented with a first recurrence
involving the lung. We included patients diagnosed and treated at
the Hospital Vall d’Hebron, Barcelona, Spain, between June 1995
and July 2021. Patients were classified according to the type of
recurrence: isolated lung recurrence when recurrence involved only
the lung, or multisystemic recurrence when the relapse involved
the lung among other locations. Patients with isolated lung recur-
rence were also classified according to the type of treatment of the
relapse (local or systemic treatment). Patients who underwent local
treatment and received additional hormonotherapy were included
in the group of local treatment.

Patients diagnosed in FIGO stage IVB, with synchronous tumors
or incomplete medical records were excluded from the study. Clin-
icopathological data were collected from institutional records and
codified information was registered into a data base. This study
was reviewed and approved by the hospital’s Institutional Review
Board and codified as “PR(AMI)190/2022”. The requirement for
written informed consent was waived.

The optimal treatment for each patient was individually discussed
in a multidisciplinary tumor board. Systemic treatment was consid-
ered for patients with a higher number of lesions (five or more),
multilobar disease or metastases located close to critical structures

Original research

making local treatment unsafe. The decision to add hormono-
therapy to local treatment was made by the multidisciplinary tumor
board, taking into consideration the histopathological characteris-
tics of the tumor (such as the presence of hormonal receptors), as
well as the patient’s characteristics.

STEREOTACTIC BODY RADIATION THERAPY AND RESECTION

Stereotactic body radiation therapy is a highly conformal radi-
ation technique that allows a precise tumor targeting while
avoiding normal tissue structures, delivering higher doses with
each fraction. The inclusion criteria for stereotactic body radiation
therapy in our center are an Eastern Cooperative Oncology Group
(ECOG) performance status 0-1, metastasis size lower than 5cm,
progression-free survival greater than 6 months, controlled primary
tumor, adequate lung capacity or patients declining surgical treat-
ment. Local response was defined according to the Response Eval-
uation Criteria in Solid Tumors (RECIST) 1.1 criteria. Toxicity related
to treatment was described according to the Common Terminology
Criteria for Adverse Events version 5.0.%

The criteria for resection in our center are an ECOG performance
status 0-1, adequate lung capacity and controlled primary tumor.
Surgical resection is not recommended in the presence of five or
more metastases, when the tumor size would require a lobectomy,
or when it is not accessible or located in difficult surgical locations.
Tumor characteristics such as grade, histology or molecular profile
did not influence the indication for performing a local treatment.

The type of surgical resection and approach was decided based
on the tumor’s size and location, and varied between a wide wedge
resection, segmentectomy, lobectomy, or combined. The surgical
approach was open thoracotomy, video-assisted thoracic surgery
or robotic-assisted thoracic surgery. Post-operative complications
are described using the Clavien-Dindo classification.?’ Patients
treated either with stereotactic body radiation therapy or thoracic
surgery underwent a 3 months follow-up to evaluate toxicity and
local response with a computed tomography (CT) scan.

Molecular Profiling

The molecular profiling of all patients was performed in the pre-
operative endometrial biopsy or hysterectomy specimen according
to the recent guidelines from the European Society of Gynaecolog-
ical Oncology (ESGO), the European Society for Radiotherapy and
Oncology (ESTRO), and the European Society of Pathology (ESP).22
Molecular classification was performed using a surrogate system'
which requires immunohistochemical analysis of mismatch-repair
proteins (PMS2, MLH1, MSH2, MSH6), and p53 protein, as well as
somatic mutation analysis of POLE (exons 9, 11, 13, and 14).

Statistical Analysis
We reviewed information on baseline and demographic charac-
teristics. Tumor staging was determined based on final pathology
reports and classified according to FIGO 2009% classification.
Descriptive information for all variables assessed was presented
in number (percentages), or median (interquartile range (IQR)), as
appropriate.

We performed survival analysis including only patients who
underwent treatment with non-palliative intention. Disease-free
survival was defined as time in months from the date of end of
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Patients operated for uterine cancer
between 1995-2021 (n=1663)

Sarcoma (n=101)

Endometrial carcinomas stage I-IVA
(n=1413)

Stage IVB at diagnosis (n=39)
I Incomplete medical records or follow-up (n=110)

I Patients with lung recurrence in their first

relapse (n=64, 4.5%)

l Isolated lung recurrence (n=31, 48.4%) II

luding the lungs (n=33, 51.3%)

l Local treatment (n=16, 51.6%) | [ Systemic treatment (n=15, 48.4%) I

[ sBRT (n=5, 31.3%) | [ surgery (n=11, 68.8%) |

Figure 1 Flow chart.

primary treatment to date of first evidence of recurrence or last
follow-up visit. Overall survival was calculated from the date of
surgery to date of death or last follow-up visit. Progression-free
survival was defined as time in months from the end of treatment
of the first recurrence to evidence of progression. Post-relapse
overall survival is calculated from the end of first recurrence treat-
ment to date of death or last follow-up visit. We performed Kaplan-
Meier survival analyses to estimate progression-free, overall, and
disease-free survival. Survival is compared with log-rank tests. All
tests are two-tailed and p-values <0,05 are considered statistically
significant.

RESULTS

First Recurrence Involving the Lung

We reviewed the clinical records of 1663 patients with uterine
cancer. After excluding patients diagnosed with uterine sarcoma,
those without follow-up information and those with advanced stage
at diagnosis (FIGO IVB), we finally included 1413 patients diagnosed
with endometrial cancer in stage IA to IVA. Of those, 64 patients
(4,5%) had a first recurrence involving the lung (Figure 1).

At the moment of diagnosis, patients with first recurrence in
the lung had a median age of 68.5 years (range; 63-77.3), and
44 (68.7%) were at initial stage (FIGO I-ll). Endometrioid adeno-
carcinoma was the histologic subtype in 38 (59.4%) patients, 14
(21.9%) had serous tumors, and 43 (67.2%) had grade 3. Lymph
vascular space invasion was observed in 38 (59.4%) of the tumors.
Regarding molecular profile, 15 (39.1%) of the tumors were non-
specific molecular profile, 16 (25%) were p53-abnormal and 15
(23.4%) were mismatch-repair deficient. We did not identify tumors
bearing POLE mutations in this cohort. After a median follow-up
of 71.0 months (range: 37.7-91.1), we observed a 5Syear overall
survival of 57.3% after the first recurrence involving the lung. Char-
acteristics of patients with first recurrence in the lung are listed in
Table 1.

We did not observe differences in post-relapse overall survival
when comparing by molecular profile of the primary tumor: 3 year
overall survival was 61.2% for non-specific molecular profile,
33.7% for mismatch-repair deficiency, and 27% for p53-abn,
p=0.69 (Figure 2A). However, 3year progression-free survival
after recurrence was significantly shorter in patients with p53-
abnormal tumors (14.3%) compared with non-specific molecular

profile (26.8%) and mismatch-repair deficient (47.6%), p=0.001
(Figure 2B).

Of the 64 patients with first recurrence involving the lung, 31
(48%) had an isolated lung recurrence and 33 (52%) a multisys-
temic recurrence. At the moment of endometrial cancer diagnosis,
there were no differences regarding clinicopathological character-
istics, surgery performed, adjuvant treatment or molecular profile
between these two groups (Table 1). Five-year overall survival after
relapse was superior in patients with isolated lung recurrence
compared with patients with multisystemic recurrence (67.6% vs
44.0%, p=0.006).

Isolated Lung Recurrence

Among the 31 patients who presented with isolated lung
recurrence, 16 patients received local treatment and 15
patients received systemic therapy. There were no significant
differences in clinicopathological or molecular characteristics
at diagnosis between the two groups. However, we observed
that patients receiving systemic therapies had bilateral and
multiple (five or more) metastases more frequently than
patients treated locally (Table 2).

Among the 16 patients considered for local therapies,
five patients were treated with stereotactic body radiation
therapy and 11 patients with surgery. Three patients received
hormonal therapy with megestrol acetate additionally to local
treatment. Complete response was achieved in four (80%)
patients treated with stereotactic body radiation therapy.
Complete resection was achieved in 10 (90.9%) patients in
the surgery group.

In the group of patients treated exclusively with systemic thera-
pies (n=15), six received chemotherapy, three hormonal treatment,
and six patients received symptomatic support. The patients who
received exclusively palliative treatment were excluded from the
survival analysis. We observed a complete response of 11% in the
group of patients who received systemic therapies. Specific data on
local therapies are reflected in Table 3.

After 76.5 months (range: 71.0-115.6) of median follow-up,
nine patients (56.6%) of the locally treated cohort were alive and
without evidence of disease, vs only one patient (11.1%) in the
group of systemic treatment. Median progression-free survival was
considerably higher in locally treated patients (41.9 vs 7.8 months,
p=0.029, Figure 2D).
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Table 1 Comparative analysis according to type of recurrence

Isolated lung Multisystemic
Variable(n (%) or median (IQR)) recurrence (n=31) recurrence (n=33)  Total (n=64) P value
Demographics, primary tumor features
Age at surgery 68.3 (63.0-77.6) 68.9 (62.5-77.0) 68.5 (63.0-77.3) 0.94
BMI 29.8 (25.4-37.3) 31.2 (27.0-33.0) 30.1 (26.6-34.5) 0.98
FIGO stage 1A 3(9.7) 5(15.2) 8 (12.5) 0.67
1B 10 (32.3) 8(24.2) 18 (28.1)
1l 10 (32.3) 8(24.2) 18 (28.1)
A 2 (6.5) 2(6.1) 4 (6.3)
1B 1(3.2) 0(0.0) 1(1.6)
1CA 0 (0.0) 2(6.1) 2 (3.1)
1c2 4(12.9) 7(21.2) 11 (17.2)
Unknown 13.2) 1(3.0) 2(3.1)
Histology Endometrioid 20 (64.5) 18 (54.6) 38 (59.4) 0.09
Serous 9 (29.0) 5(15.2) 14 (21.9)
Clear cell 0(0.0) 1(3.0 1(1.6)
Carcinosarcoma 1 (3.2) 3(9.1) 4 (6.3)
Other 0 (0.0) 5(15.2) 5(7.8)
Unknown 1@3.2) 1(3.0) 2(3.1)
Molecular profile MMR-d 7 (22.6) 8 (24.3) 15 (23.4) 0.14
NSMP 15 (48.4) 10 (30.3) 25 (39.1)
p53mut 8 (25.8) 8 (24.2) 16 (25.0)
Unknown 1(3.2) 7(21.2) 8 (12.5)
Tumor grade Grade 1 0 (0.0) 2(6.1) 2(3.1) .63
Grade 2 9 (29.0) 10 (30.3) 19 (29.7)
Grade 3 22 (71.0) 21 (63.6) 43 (67.2)
LvSI 18 (58.1) 20 (60.6) 38 (59.4) 0.83
Primary tumor treatment: Surgery, adjuvant treatment
Procedures TH+BSO 31 (100.0) 33 (10.0) 64 (100.0) NA
SLNB 3(2.4) 2 (2.6) 5(7.8) .67
Pelvic LND 24 (77.4) 31(93.9) 55 (85.9) 0.08
Aortic LND 16 (51.6) 20 (60.6) 36 (56.3) .61
Brachytherapy 10 (32.3) 11 (33.3) 21(32.8) 0.92
EBRT 23 (74.2) 21 (63.6) 44 (68.8) 0.36
Chemotherapy 10 (32.3) 12 (36.4) 22 (24.4) 0.73
Median follow-up (mo) 76.5 (71.0-115.6) 33.5(14.1-56.7) 71.0 (37.7-91.1) 0.004
Five years OS (% alive) 67.6 (45.4-82.3) 44.0 (21.3-64.6) 57.3 (41.3-70.4) 0.006
Median (IQR) OS (mo) 95.5 (51.8-145.8) 53.5 (25.2-68.9) 68.8 (34.7-110.3) 0.006

BMI, body mass index; BSO, bilateral salpingoophorectomy; EBRT, external beam radiation therapy; FIGO, International Federation ; IQR,
interquartile range; LND, lymph node dissection; LVSI, lymph vascular space invasion; NA, Not aplicable; OS, overall survival; SLNB, sentinel
lymph node biopsy; TH, Total hysterectomy.

Five-year overall survival was also higher in locally treated
patients, nevertheless these differences did not reach statistical
significance (80.8% vs 44.4%, p=0.08, Figure 2C). Most patients
(62.5%) had a second relapse also affecting the lung. Survival
outcomes are listed in Table 2.

DISCUSSION

Summary of Main Results
Patients who presented a first recurrence involving the lungs repre-
sented 4.5% of patients treated for endometrial cancer, and nearly

half of them had disease exclusively in the lungs. Nevertheless,
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Figure 2 Prognostic outcomes by molecular profile and treatment performed. (A) Overall survival after treatment of first
relapse by molecular profile; (B) 3-year progression-free survival by molecular profile; (C) Overall survival by treatment

performed; (D) progression-free survival by treatment performed.

after considering the pattern of recurrence, distribution, and perfor-
mance status, only 25% of the patients with a first recurrence
involving the lung were suitable for local treatment. In our cohort,
either surgery or stereotactic body radiation therapy achieved
excellent results in terms of complete responses and improved
progression-free survival, with acceptable treatment toxicity. This
strategy showed better oncologic outcomes than systemic treat-
ments, although we must consider that patients treated locally had
a lower burden and a more localized distribution of the disease. In
our cohort, molecular profile had an impact on 3 year progression-
free survival after recurrence, with p53-abnormal patients having
the shortest time to progression. However, molecular profile did not
affect overall survival after the recurrence.

Results in the Context of Published Literature

Interestingly, 70% of patients with a first recurrence in the lung
presented at diagnosis with FIGO initial stages and endometrioid
histology. However, high-grade tumors and lymphovascular space
invasion were present in almost 70% and 60% of patients respec-
tively, being both described in previous studies to be poor prog-
nostic factors for recurrence.?* %

Regarding molecular characteristics, we observed that the most
frequent molecular subgroup was non-specific molecular profile,
followed by p53-abnormal. The study published by Siegenthaler et
al.,'® revealed different patterns of recurrence among molecular
subgroups, also with more distant recurrences in the non-specific
molecular profile group. The authors also observed that molecular
classification of the primary tumor remained a significant prog-
nostic factor for survival after recurrence (mismatch-repair defi-
cient being the group with best survival, and p53-abnormal the
group with worst survival, p=0001). In contrast, molecular profile

did not impact on post-relapse overall survival in our cohort.
However, we found differences in 3 years progression-free survival
after first relapse, with p53-abnormal patients presenting the
shortest time to progression. Evaluating the entire cohort, the
higher 5year overall survival found in our study in patients with
isolated lung recurrence compared with multisystemic recurrence
is in line with previous publications.? Such results may be explained
by the greater burden and distribution of disease in the latter group,
as well as the possibility of local treatment in those patients with
more localized disease.

Regarding oligometastatic lung recurrence, the high local control
rate of locally treated patients in our cohort is in line with the results
of a recent study analyzing the role of stereotactic body radiation
therapy on oligometastatic gynecological cancers, reportinga 1year
local control of 80%.2° Previous studies have shown a favorable
prognosis after local treatments for isolated lung metastases. In the
COMET randomized trial,'? the treatment of oligometastatic lesions
with stereotactic body radiation therapy was associated with an
improvement in median progression-free survival compared with
systemic treatment alone (1year vs 0.5 years, hazard ratio (HR)
0.47, 95% confidence interval (Cl) 0.30 to 0.76, p=0.0012). This
advantage is in line with our results, with considerably longer
progression-free survival in locally treated patients (41.9 months vs
7.8 months, p=0029). Previous studies'? ' have demonstrated that
both stereotactic body radiation therapy and surgery were associ-
ated with improvement in overall survival. Anraku et al"* reported a
5year overall survival of 75% in a subgroup of 23 patients with lung
oligometastatic endometrial cancer relapse treated with surgery,
similar to our results. However, this advantage in overall survival
could not be demonstrated in other publications.® '®
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Table 2 Outcomes of patients with isolated lung recurrence by type of treatment

Local treatment Systemic treatment
Variable (n (%) or median (IQR)) (n=16) (n=15) Total (n=31) P value
Demographics, primary tumor features
Age at surgery 66.0 (63.0-71.6) 72.7 (63.2-78.2) 68.3 (63.0-77.6) 0.23
BMI 29.5 (26.3-37.3) 30.4 (23.5-39.5) 29.8 (25.4-37.3) 0.97
FIGO stage 1A 3(18.8) 0(0.0) 3(9.7) 0.43
B 5(31.3) 5(33.3) 10 (32.3)
I 5(31.3) 5(33.3) 10 (32.3)
1l 3(18.7) 4 (26.6) 7 (22.6)
Unknown 0 (0.0 1(6.7) 13.2)
Histology Endometrioid 12 (75.0) 8 (53.3) 20 (64.5) 0.55
Serous 4 (25.0) 5 (33.3) 9 (29.0)
Carcinosarcoma 0 (0.0 1(6.7) 13.2)
Unknown 0(0.0) 1(6.7) 13.2)
Molecular profile MMR-d 5(31.3) 2(13.3) 7 (22.6) 0.42
NSMP 8 (50.0) 7 (46.7) 15 (48.4)
p53-abn 3(18.8) 5(33.3) 8 (25.8)
Unknown 0(0) 1(6.7) 13.2)
Grade 3 11 (68.8) 11 (73.3) 22 (71.0 e
LVSI positivity 8 (50.0) 10 (66.7) 18 (58.1) 0.34
Recurrence features
Age at relapse 69.7 (66.3-74.1) 77.0 (64.5-80.5) 71.4 (65.1-78.8) 0.43
Affected lung Unilateral 10 (62.5) 1(6.6) 6 (35.5) 0.008
Bilateral 6 (37.5) 11 (73.3) 17 (54.8)
Unknown 0 (0.0) 3 (20.0) 309.7)
Number of affected One 10 (62.5) 2(13.3) 12 (38.7) 0.14
ez Muttiple 6 (37.5) 10 (66.7) 16 (51.6)
Unknown 0(0.0) 3 (20.0) 3(9.7)
Number of lung Less than 5 16 (100.0) 5 (33.3) 21 (67.7) <0.001
metastasis More than 5 0(0.0) 7 (58.3) 7 (22.5)
Unknown 0 (0.0 3 (20.0) 3(9.7)
Survival featurest
Relapse 6 (37.5) 0(0.0) 6 (24.0) <0.001*
Progression 2 (12.5) 8 (88.9) 10 (40.0)
Location of second Lung 6 (75.0) 4 (50.0) 10 (62.5) 0.61*
relapse Other 2 (25.0) 4 (50.0) 6 (37.5)
Median follow-up (mo) 80.8 (76.1-115.6) 69.7 (68.4-71.0) 76.5 (71.0-115.6) 0.10%
5-y OS (% alive) 80.8 (51.4-93.4) 44.4 (13.6-71.9) 67.6 (45.4-82.3) 0.09§
PFS after treatment (mo) 41.9 (15.4-NA) 7.8 (7.2-10.6) 18.2 (8.4-NA) 0.029§
Patient status at last Alive without disease 9 (56.3) 7 (k] 10 (40.0) 0.050*
follow-up Alive with disease 0(0.0) 1(11.1) 1(4.0)
Dead 7 (43.8) 7(77.8) 14 (56.0)
Cause of death EC 7 % 11 NA

*Fisher’s exact test.

tPatients submitted to palliative treatment were excluded from this analysis.

FWilcoxonrank sum test.
§Logrank test.

BMI, body mass index; EC, endometrial cancer; FIGO, International Federation of Gynecology and Obstetrics; LVSI, lymph vascular space
invasion; MMR-d, mismatch repair deficient; NSMP, non-specific molecular profile; OS, overall survival; p53-abn, p53 abnormal; PFS,

progression-free survival.
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Table 3 Characteristics of local treatments

Local treatment
Variable (n=16)
SBRT treatment (n=5, 31.3%)
SBRT dose (Gy) 50 (50-54)
SBRT fractions (no.) 5 (3-5)
SBRT response
Complete response 4 (80.0)
Disease progression 1(20.0)
SBRT toxicity
No related toxicity 4 (80%)
Esophagitis grade 1 1(20%)
Surgical treatment (n=11, 68.8%)
Type of surgery
Atypical resection 10 (90.9)
Lobectomy 1(9.1)
Surgical approach
Open 3(27.3)
VATS 6 (54.6)
RATS 2(18.2)
Complications after surgery
Atrial fibrillation Clavien-Dindo Il 2(18.2)
Hydropneumothorax Clavien-Dindo 1 (9.1)
A
Surgery response
Complete resection 10 (90.9)
Disease progression 1(9.1)

Gy, Grays; RATS, Robotic-assisted thoracoscopic surgery;
SBRT, Stereotactic body radiation therapy; VATS, Video-assisted
thoracoscopic surgery.

There is no strict consensus on which patients will benefit more
from lung resection or stereotactic body radiation therapy. The
decision on the best local treatment should be made by a multidis-
ciplinary team, after carefully considering the patient’s and disease
characteristics. Stereotactic body radiation therapy is the treatment
of choice in frail patients with comorbidities and at higher risk of
postoperative complications, when a large area of lung parenchyma
needs to be resected to ensure an adequate local control, or when
the disease is located in a difficult location. On the contrary, resec-
tion is preferred in cases where stereotactic body radiation therapy
is expected to associate a high toxicity.

Strengths and Limitations

This is, to our knowledge, the first study focusing on the benefits of
local treatment exclusively in endometrial cancer with first recur-
rence in the lung. Previous studies have analyzed multiple gyne-
cologic malignancies and multiple metastatic locations together,
resulting in heterogenous populations and survival outcomes. The
long follow-up period of study gives us the opportunity to evaluate
long-term results of the local strategies in this cohort. Another
strength is the availability of the complete molecular profile in most

of the included patients, which allows us to analyze its impact on
the prognosis of this group of patients. The main weakness of our
study is its retrospective nature with its associated limitations,
such as the presence of unbalanced groups in the case of local
and systemic treatment for isolated lung metastases. Moreover, the
impact of systemic treatment in patients locally treated cannot be
assessed in our study due to the small number of patients treated
with additional hormonotherapy. Further evidence is needed to
draw conclusions on this subject.

Implications for Practice and Future Research

This study highlights the importance of considering a local treat-
ment in selected patients with oligometastatic lung recurrences
of endometrial cancer. Prospective studies are needed to define
more precisely the prognostic impact of these local therapies in
endometrial cancer oligometastatic lung recurrence, and to estab-
lish the prognostic role of the molecular profile once the tumor has
relapsed.

CONCLUSIONS

Among patients diagnosed with endometrial cancer and presenting
afirstrecurrence involving the lung, only 25% are suitable to receive
a local treatment, either with stereotactic body radiation therapy
or surgery. Local treatments achieved excellent results in terms
of complete responses and improved progression-free survival
compared with systemic treatment, with acceptable toxicity. Molec-
ular profile had an impact on progression-free survival after relapse
but did not influence post-relapse overall survival in patients with
first recurrence involving the lung.
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