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Glosario

Abreviatura

Significado

ADN
ADNTtc
B2M
BAFF
BCL2
BCL6
BCR
CAR-T
ccl
CDF
CG
CGA
CN-LOH
CPC
CR30

acido desoxirribonucleico

ADN tumoral circulante

B2-microglobulina

B-cell activating factor

B-cell lymphoma 2

B-cell ymphoma 6

receptor del linfocito B

chimeric antigen receptor T-cell

Charlson Comorbidity Index

células dendriticas foliculares

centro germinal

campo de gran aumento

copy-neutral loss of heterozygosity

célula precursora del cancer

mantenimiento de la respuesta completa a los 30 meses de iniciar el tratamiento
de primera linea

Eastern Cooperative Oncology Group
hibridacién fluorescente in situ

Follicular Lymphoma International Prognostic Index
incidencia acumulada de muerte por progresion
interferdn

inmunoglobulina

cadena pesada de las inmunoglobulinas
interleucina

infiltracion de médula dsea

International Prognostic Index
inmunoquimioterapia

linfoma B difuso de células grandes

lactato deshidrogenasa

linfoma folicular

linfoma folicular transformado



LMR
LNH
MAT
MO
NFIS
NGS
NICE
PET
PET-TCft
POD24

R-bendamustina
RC
R-CHOP
RSR
SEER
SEL
SG
SLP
SN

SP

SR
SUVv
SWOG
TAPH
TC

Tth

Tfr

TH
TNF
Treg
VMTT
VSG

ratio linfocito/monocito

linfoma no Hodgkin

microambiente tumoral

médula dsea

neoplasia folicular in situ

next generation sequencing

National Institute for Health and Care Excellence
tomografia por emision de positrones

PET-TC fin de tratamiento

progresion de la enfermedad en los 24 meses siguientes al inicio del tratamiento
de primera linea

rituximab-bendamustina

respuesta completa

rituximab, ciclofosfamida, doxorrubicina, vincristina y prednisona
razdn de supervivencia relativa

Surveillance, Epidemiology, and End Results Program
supervivencia especifica por el linfoma
supervivencia global

supervivencia libre de progresion

segundas neoplasias

sangre periférica

supervivencia relativa

standardized uptake value

Southwest Oncology Group

trasplante autélogo de progenitores hematopoyéticos
tomografia computarizada

T follicular helper

T follicular regulatory

transformacion histologica

factor de necrosis tumoral

T regulatory

volumen metabdlico tumoral total

velocidad de sedimentacion globular
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Introduccion

1. Linfoma folicular: aspectos generales

1.1. Definicion y epidemiologia
El linfoma folicular (LF) es el subtipo mas frecuente de linfoma B indolente y representa en torno
a un 15% de todos los casos de neoplasias linfoides en nuestro ambito'. Su incidencia se sitda
alrededor de 5 casos por 100.000 personas y afio?, es ligeramente superior en hombres que en

mujeres y la mediana de edad al diagndstico se sitla en torno a los 60 afios.

Los estudios clasicos indicaban que la supervivencia de los pacientes con LF no se habia
modificado significativamente durante décadas®. Sin embargo, analisis mas recientes han
evidenciado que las mejoras en el tratamiento (especialmente el uso de rituximab) y en las
medidas de soporte han contribuido a una mejoria en la supervivencia libre de progresion (SLP)
y global (SG)*™, haciendo que la mediana de esta Ultima se sitGe actualmente en torno a los 20
afos' (Figura 1A). Sin embargo, la presencia de recaidas constantes durante el seguimiento, con
disminucion de la duracién de la respuesta a cada linea de tratamiento'® (Figura 1B), hacen que

la enfermedad sea considerada todavia incurable en la mayoria de casos.
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Figura 1. A: Supervivencia global y libre de progresion de los 414 pacientes con linfoma folicular grado 1-3A
de la serie del Hospital Clinic de Barcelona (2002-2018). B: Supervivencia desde el diagnéstico (curva
superior), desde la primera recaida (curva central) y desde la segunda recaida (curva inferior). Modificado de
Mozas y colaboradores"’.

1.2. Patogenia

La traslocacién t(14;18), que da lugar al reordenamiento BCL2-IGH, es caracteristica de la
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enfermedad y se encuentra en méas de un 85% de los casos. Sin embargo, esta alteracion se puede
detectar a bajas frecuencias en un 50-70% de adultos sanos'® por lo que no se considera
suficiente para el desarrollo de la enfermedad™. El proceso bioldgico que rige el desarrollo del LF
es complejo y se extiende a lo largo de varios afios, durante los cuales los sintomas del paciente
pasan desapercibidos. El LF se considera el paradigma de neoplasia linfoide B de origen
centrogerminal, como lo demuestra la frecuente expresién de marcadores como BCL6 y CD10 y
la hipermutacion somatica del gen de las inmunoglobulinas (Ig), mediada por la activation-
induced deaminase?®®. La t(14;18) se adquiere de manera temprana en los linfocitos pre-B precoces
de la médula 6sea, como resultado de un fallo en la reparacién durante la recombinacion de los
genes de las Ig para formar el receptor del linfocito B (BCR)?'. Como consecuencia, el oncogén
BCL2 queda bajo control transcripcional de las regiones reguladoras del gen de la cadena pesada

de las Ig (IGH) y se produce una sobreexpresion de la proteina Bcl-2, que favorece la proliferacion.

Ademas de la t(14;18), el desarrollo del LF requiere de la aparicion de alteraciones genéticas
adicionales (Figura 2). Entre ellas, los genes mutados con mayor frecuencia son los modificadores
de la cromatina, también llamados modificadores epigenéticos (KMT2D, CREBBP, EZH2)?. Por otra
parte, se ha concedido a los linfocitos T y otras células del microambiente tumoral un papel
fundamental en el desarrollo y progresién de esta neoplasia®®, como se comentara con mayor

detalle en el apartado referente a los factores prondsticos.
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Figura 2. Modelo de la evolucion por pasos del LF. EL LF abierto surge a partir de células precursoras del cancer
(CPC) que sufren un proceso dindmico de reentrada en el centro germinal (CG), evolucionando y disemindndose
a lo largo de décadas en individuos asintomadticos. Esos clones precoces son probablemente el origen de las
recaidas tras el tratamiento. Modificado de Carbone y colaboradores®*.
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1.3. Diagnostico

Los pacientes que son finalmente diagnosticados de LF tienden a consultar tras la aparicién de
adenopatias no dolorosas, que pueden haber sufrido variaciones de tamafno durante un tiempo
no despreciable'”. Los ganglios linfaticos aumentados de tamafio son principalmente cervicales o
abdominales; estos ultimos frecuentemente detectados a raiz de la realizacion de pruebas de
imagen por otro motivo, como el control de neoplasias de 6rgano solido. En torno a un 20% de
los pacientes presenta alguno de los llamados sintomas “B” (fiebre, sudoracién nocturna o pérdida

de peso), astenia, infecciones recurrentes o citopenias por infiltracién medular.

Para establecer el diagnostico fehaciente de LF, como en el resto de los linfomas, es primordial
disponer de una muestra de ganglio linfatico obtenida mediante biopsia excisional o, de manera
menos iddnea, mediante biopsia con aguja gruesa. En el estudio microscépico, el LF muestra
generalmente un patrén de crecimiento folicular o nodular, que remeda la estructura de los
foliculos linfoides normales del ganglio linfatico?®. Los nédulos tumorales estan formados por
células pequeiias o medianas (centrocitos) y otras mas grandes (centroblastos), entremezcladas
con linfocitos T reactivos, células dendriticas, histiocitos y macréfagos. Es importante la
determinacion del grado histologico de acuerdo al nimero de centroblastos por campo de gran
aumento (CGA): LF de grado 1-2 (hasta 15 centroblastos por CGA, Figura 3), de grado 3A (>15
centroblastos por CGA, con presencia de centrocitos), o de grado 3B (sabanas difusas de
centroblastos). Este Ultimo se comporta clinica y biolégicamente como un linfoma B difuso de

células grandes (LBDCG) y se trata como tal.

Figura 3. Histologia del linfoma
folicular (biopsia de ganglio linfatico,
hematoxilina/eosina): poblacion
predominantemente constituida por
linfocitos de tamafio pequefio-mediano
(centrocitos), con ocasionales
centroblastos (flecha), compatible con
un LF de bajo grado (1-2). Cortesia del
Servicio de Anatomia Patolégica del
Hospital Clinic de Barcelona.

Las células tumorales del LF son generalmente positivas para BCL2, BCL6, CD10 y marcadores B.
Si existen dudas diagnosticas, puede ser de utilidad el estudio del reordenamiento del gen de la
cadena pesada de las Ig y la demostracién por citogenética convencional o por hibridacién

fluorescente in situ (FISH) de la t(14;18).

1"
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En los Ultimos afios se ha desarrollado la deteccién en plasma de alteraciones genéticas
caracteristicas de tumores solidos y neoplasias hematoldgicas (biopsia liquida o ADN tumoral
circulante)®®. Aunque en un futuro cercano puede constituir una herramienta Gtil para el

diagnostico y prondstico de los linfomas, aln se encuentra en fases incipientes de su desarrollo.

1.4. Estudio de extension

Una vez establecido el diagnéstico histologico, se procede al estudio de extension de la
enfermedad, que ademas de constituir en si misma un factor pronostico, es de interés a la hora
de evaluar la respuesta al tratamiento. Segun las guias internacionales?’, se recomienda la
realizacion de una biopsia de médula dsea antes de iniciar tratamiento, que muestra infiltracion
por el linfoma en un 50-60% de los casos (tipicamente paratrabecular, Figura 4A), y una
tomografia por emision de positrones (PET) asociada a una tomografia computarizada (TC, Figura
4B), ademas de una analitica sanguinea con bioquimica y hemograma. En base a los hallazgos
anteriores, y segun la clasificacion de Ann-Arbor?®, el estadio de la enfermedad se clasificara de |

a IV, algo que posteriormente se simplificé en localizado vs. diseminado en el consenso de

Lugano?®.

Figura 4. A: Infiltracion de la médula ésea (hematoxilina/eosina) con el caracteristico patrén paratrabecular
(flechas). B: Seccion axial de PET-TC tordcico en el momento del diagndstico (hipercaptacion de radiotrazador
en gran conglomerado adenopdtico mediastinico, cadenas mamarias internas bilaterales y axilares, ademds de
derrame pleural). Cortesia de los Servicios de Anatomia Patoldgica y Medicina Nuclear del Hospital Clinic de
Barcelona.

1.5. Tratamiento

Las caracteristicas demograficas de la poblacion a la que afecta con mayor frecuencia el LF, asi
como la historia natural de la enfermedad, condicionan la eleccién de los regimenes de
tratamiento y su secuencia. Atendiendo a la prolongada supervivencia de la mayoria de los

pacientes, es primordial considerar las posibles toxicidades de cada tratamiento, tanto a corto

12
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como a largo plazo.

1.5.1. Tratamiento de primera linea

Actualmente, y desde hace mas de dos décadas, la estrategia inicial de tratamiento sigue
dependiendo de dos factores principales: el estadio y la presencia de datos de alta carga

tumoral?’.

1.5.1.1.  Estadios localizados
Un 10-15% de los pacientes con LF se presentan en estadio localizado®®, lo cual constituye una
excepciéon al resto de casos de la enfermedad, puesto que se considera una enfermedad

potencialmente curable3' con radioterapia, asociada o no a rituximab?’.

1.5.1.2. Estadios avanzados
1.5.1.2.1. Baja carga tumoral
La gran mayoria de los pacientes con LF se diagnostica en estadio avanzado. Dentro de este grupo
de pacientes cabe distinguir aquellos con baja o alta carga tumoral. Se consideran criterios de alta
carga tumoral segln el Groupe d'Etude des Lymphomes Folliculaires® |a presencia de sintomas "B,
la afectacion ganglionar o extraganglionar voluminosa y las alteraciones en el hemograma
atribuibles al linfoma. En pacientes con baja carga tumoral (~15%), el tratamiento activo no ha
demostrado prolongar la SG ni el tiempo hasta el segundo tratamiento respecto a la abstencion
terapéutica (conducta expectante o watchful waiting), por lo que esta actitud sigue siendo una

opcién adecuada para pacientes asintomaticos.

1.5.1.2.2. Alta carga tumoral
En cambio, los pacientes diagnosticados en estadio avanzado y alta carga tumoral deben recibir
tratamiento, generalmente compuesto de una induccion con inmunoterapia (rituximab) o
inmunoquimioterapia (R-CHOP, obinutuzumab-CHOP, R-bendamustina o obinutuzumab-

bendamustina), seguida de mantenimiento con inmunoterapia (rituximab u obinutuzumab)?’.

1.5.2. Tratamiento de segunda y posteriores lineas

La reaparicion de la enfermedad tras un periodo de remisidn es la norma en los pacientes con
estadio avanzado cuya supervivencia (atendiendo a la edad y a la comorbilidad) es lo
suficientemente larga. En la medida de lo posible, es importante biopsiar una de las lesiones
sugestivas de recaida para confirmarla y descartar la transformacién histolégica (TH) a un linfoma

de alto grado u otra neoplasia. A pesar de que la evidencia que sustenta la eleccion del

13
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tratamiento de la recaida es de baja calidad®*, los expertos coinciden en seleccionar regimenes de
tratamiento no empleados en la primera linea, con el objetivo de maximizar la eficacia y minimizar

la toxicidad solapada.

Es importante analizar el tiempo desde el inicio de la quimioterapia de primera linea hasta la
aparicion de la primera recaida. Como se verd mas adelante, la presencia de una recaida precoz
(POD24)* es un factor prondstico adverso que condiciona la eleccién del esquema de segunda
linea. Para pacientes con recaida precoz, la mayoria de expertos recomienda la combinacion de
obinutuzumab-bendamustina (siempre que no se hayan recibido estos farmacos previamente),
seguida de una consolidacién con un trasplante autélogo de progenitores hematopoyéticos
(TAPH), si la edad y la situacién funcional lo permiten, dado que este procedimiento ha
demostrado prolongar la SLP y, potencialmente, la SG3¢-38, Para las recaidas tardias, en cambio,
son aceptables la abstencion terapéutica (siguiendo unas indicaciones de tratamiento similares a
la primera linea), radioterapia (para recaidas localizadas), rituximab en monoterapia,
combinaciones libres de quimioterapia (rituximab-lenalidomida®) e inmunoquimioterapia (en

funcién del esquema utilizado en primera linea)?”.

Los pacientes que presentan ulteriores recaidas, atendiendo a la duracién progresivamente mas
corta de la respuesta en cada linea'®, requieren habitualmente de la utilizacion de regimenes de
tratamiento no empleados previamente, como las pequefas moléculas de accién especifica
(idelalisib*®, tazemetostat*'), la inmunoterapia CAR-T# o, en casos muy seleccionados, el

trasplante alogénico de progenitores hematopoyéticos.

1.6. Transformacion histoldgica

Una de las caracteristicas del LF, de manera similar a otros linfomas indolentes, es el potencial de
transformacion a un linfoma de alto grado relacionado clonalmente, habitualmente un LBDCG*.
En pacientes tratados durante la era rituximab, la incidencia acumulada de TH se ha establecido
alrededor del 5-10% a 10 afios, con una aparente reduccion en la incidencia para pacientes
tratados con rituximab®. Actualmente, la aparicion de esta situacion sigue condicionando un
ensombrecimiento marcado del prondstico (SG del 25% a los 5 afios de la TH*). A pesar de que
la calidad de la evidencia para recomendar la eleccion del tratamiento en el momento de la TH es
baja, se considera aceptado realizar tratamiento con inmunoquimioterapia (IQT) de tipo R-CHOP
en aquellos pacientes que no han sido previamente expuestos a antraciclinas, y otros regimenes
de IQT seguidos de un TAPH en pacientes previamente tratados con R-CHOP*, siempre que la

edad y la comorbilidad lo permitan.

14
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2. Evaluacion prondstica en el linfoma folicular

La heterogeneidad en el comportamiento clinico de los pacientes con LF hace especialmente
atractiva la identificacion de factores que permitan predecir, con un grado de precision suficiente,
la probabilidad de que un individuo concreto presente una supervivencia prolongada y fallezca
por otras causas o, en cambio, que experimente una recaida precoz o TH, con una marcada

disminucion de su calidad y cantidad de vida, y una muerte relacionada con el linfoma.

A tal efecto cabe diferenciar los factores predictivos (que proporcionan informacion sobre la
probabilidad de responder o presentar una supervivencia determinada bajo una intervencion
terapéutica concreta) de los prondsticos (que informan sobre estimaciones de supervivencia, a
priori de manera independiente del tratamiento recibido)*’. Asimismo, los factores prondsticos
pueden emplearse de manera aislada, o bien agrupados en forma de indices pronosticos (Tabla
1), cuyo objetivo es el de sintetizar en una categoria (generalmente, riesgo bajo, intermedio o alto)

la probabilidad de presentar un evento (recaida, muerte, TH, etc.)

15
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Tabla 1. Factores incluidos en los indices pronédsticos desarrollados para el LF. Modificado de Mozas

y colaboradores*®.
g —_—
s E| £ Q 3
w| 8| 2| 8|2 >
e, P ° n =) [=2) b=} o © =
Indice pronéstico T ° 2 8 g ) < % ° £ - s S
(ordenados por - o) IS S o P 0 @ [a) N a Otros
w (2] k7 H 8 o 0 Q c -1 [=2] =
fecha) L c a e S o < o
" [ © © = 2
& 1S i+t = o
o, ﬁ Q@ £ (U]
=z <<
Gospodarowicz #°,
1984 [ J [ J [ J [ J [ J
LNH-84 *°, 1991 ° ° ° °
Romaguera ',
1991 [ ] [ ] [ ] [ J
Leonard 2, 1991 ° o | @ ) ®
Soubeyran %,1991 | @ °
Cameron *4,1993 | @ e | o | @ Afectacion intestinal
IP1 556, 1994 ° ° ° ° °
Denham %7, 1996 Y Y Y ° ° Esplenomegalia
Lopez-Guillermo .
5 1998 ) EMR tras el tratamiento por PCR en SP o MO
Decaudin *,1999 | e [ [
ILI €, 2000 [ ) ® [ ] [ ] [ VSG
FLIPI &, 2004 [ ) [ ) [ ] [ ] [ ]
FLIPI2 %2, 2009 ) [ ([ ] [} [ ]
m7-FLIPI %, 2015 ° ° ° ° ° ° Estado mutacional de 7 genes en el ganglio
POD24-PI %4,2016 | @ ° ° ° ° Estado mutacional de 3 genes en el ganglio
FCG %, 2016 ° ° ° ° ° ° indice de comorbilidad de Charlson
Meignan %, 2016 ° ° o | o ° VMTT al diagnéstico
PRIMA-PI ¢, 2018 () (
Cottereau %, 2018 VMTT al diagnéstico y Deauville score en el PET-TCft
indice 23-GEP ©, o .
Expresion génica de 23 genes en el ganglio
2018
FLIPI-L °, 2019 ° ° ° ° ° Recuento linfocitario en SP
FLEX ™, 2020 ° ° ° ° ° ° ° ° Recuento de células NK en SP

ECOG PS, Eastern Cooperative Oncology Group; MO, médula ésea; LDH, lactato deshidrogenasa; B2M, B.-microglobulina; EMR, enfermedad
minima residual; SP, sangre periférica; PCR, reaccion en cadena de la polimerasa; VSG, velocidad de sedimentacién globular; VMTT, volumen
metabdlico tumoral total; DS, Deauville score; PET-TCft, tomografia por emisién de positrones-tomografia computerizada fin de tratamiento;
GEP gene expression profile.
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2.1. Factores prondsticos individuales

El estudio de factores prondsticos en el LF ha suscitado un notable interés desde hace décadas,
lo cual queda reflejado en la abundancia de publicaciones sobre el tema’2. Sin embargo, tal como
sucede para los indices prondsticos®®, es importante examinarlos a la luz de ciertas
consideraciones, a saber: que el tamafio muestral sea lo suficientemente grande como para
extraer conclusiones, que las caracteristicas clinicas, histologicas y terapéuticas de los pacientes
del estudio sean comparables a las de la poblacion a las que se quieren aplicar, y que los métodos
estadisticos empleados gocen de suficiente robustez. Ademas, es ldgico pensar que diferentes
pardmetros que miden lo mismo (y, por ende, van paralelos), como aquellos que evaltan la carga
tumoral, estén relacionados con el prondstico. Sin embargo, si no presentan independencia en
los analisis multivariados, la contribucion al refinamiento del prondstico sera probablemente
escasa. Por otra parte, debido a la larga supervivencia de los pacientes con LF, en ocasiones es
util analizar el impacto prondstico de ciertos factores sobre parametros refinados, como la
supervivencia especifica por el linfoma (SEL), la incidencia acumulada de muerte por progresion

(IAMP) o la supervivencia relativa (SR).

2.1.1. Previos al inicio del tratamiento
Desde un punto de vista tedrico, se pueden identificar factores prondsticos en cualquier momento
de la evolucién clinica del paciente con LF. En el momento del diagnostico, tienen la cualidad de
no depender de los tratamientos recibidos previamente y, por tanto, de ser extrapolables a
cualquier paciente con caracteristicas clinicas e histolégicas similares. Aquellos factores que se
identifican durante el seguimiento (p. ej., en el momento de la primera recaida) proporcionan
informacion sobre ese subgrupo concreto de pacientes, con el riesgo de extraer conclusiones a

partir de un conjunto de pacientes no del todo homogéneo.

2.1.1.1. Dependientes del paciente
Existe una serie de factores que, en principio, podrian ser considerados independientes de la
enfermedad que afecta al paciente, y que este ya presentaba antes de su aparicién. Son de
especial interés por el impacto que pueden tener en la aparicién de complicaciones relacionadas

con el tratamiento y en la mortalidad no relacionada con el linfoma.

2.1.1.1.1. Sexo
Varios estudios clasicos habian observado que los varones con LF tenian una supervivencia inferior

a la de las mujeres con la misma enfermedad, e incluso se habia llegado a incluir esta informacion
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en algunos indices prondsticos®'>25"€0, Sin embargo, un estudio mas reciente’® que analizaba la
importancia de factores demogréficos en la supervivencia de pacientes con LF concluyd que el
sexo masculino constituia un factor prondstico adverso para pacientes diagnosticados entre el
afo 1992 y 2000, pero no para aquellos diagnosticados entre 2001 y 2009. Estos hallazgos
generan la hipotesis de que la inferior supervivencia para los varones en algunas series sea debida
a una mayor mortalidad por otras causas (considerando también que la supervivencia de la
poblacién general es inferior para los varones). Por este motivo resulta especialmente interesante
el analisis de la SEL, la IAMP y la SR en cohortes que evallan factores prondsticos en LF. El sexo
masculino se ha incorporado como factor pronédstico adverso en algunos de los indices
prondsticos iniciales®25760 y en uno mas reciente’’, pero ninguno de ellos ha evaluado las causas

de muerte ni la SR.

2.1.1.1.2. Edad
De manera similar a lo que sucede con el sexo, huelga decir que los individuos de edad mas
avanzada (con o sin linfoma) tienen una supervivencia mas reducida. En un estudio realizado en
la época pre-rituximab’™ se evidenci6 una inferior SG para pacientes mayores, y los pacientes de
>70 aflos presentaban una probabilidad mayor de morir por otras causas. En el estudio de registro
del SEER citado previamente’, se evidencié que la SG a 5 afios disminuia con cada década que
se sumaba a la edad del paciente, pero no se estudié la SR. En esta misma linea fueron los
resultados de otro estudio de registro con un gran nimero de pacientes con edad igual o superior
a 66 afnos diagnosticados de linfoma no Hodgkin (LNH)®. Para la mayoria de subtipos de LNH,
tanto la mortalidad especifica del linfoma como la mortalidad por otras causas se incrementaban
con la edad y la comorbilidad. Los autores sugieren que los indices pronosticos actualmente
disponibles no informan sobre el riesgo de mortalidad asociada especificamente al linfoma ni de

aquel debido a causas diferentes del linfoma.

En un estudio combinado de ensayos clinicos”” del grupo FLASH, con casi 6 000 pacientes, se
observd que los pacientes mayores de 70 aflos presentaban una mayor frecuencia de lactato
deshidrogenasa (LDH) y B2-microglobulina (B2M) elevadas, anemia, un indice funcional ECOG
(Eastern Cooperative Oncology Group) deteriorado, una menor frecuencia de afectacion
ganglionar multiple y un indice FLIPI (Follicular Lymphoma International Prognostic Index) similar
si no se consideraba el punto atribuido a la edad. Introdujeron ademas una reflexién novedosa:
que la peor SLP de los pacientes mayores (que considera como evento la recaida/progresion o la
muerte por cualquier causa) era debida a una mayor incidencia de muertes no relacionadas con

el linfoma, sin diferencias en la incidencia acumulada de recaidas, con lo que concluyen que no
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existen diferencias en el prondstico relacionado especificamente con la enfermedad entre los

diferentes tramos de edad.

Se han llevado a cabo estudios centrados en subgrupos de edad especificos. En cuanto a los
pacientes jovenes, Conconi y colaboradores’® analizaron una serie extensa de pacientes con LF,
de los cuales 155 tenian 40 afios o menos, y evidenciaron que los pacientes jovenes presentaban
ciertas particularidades clinicas (menor frecuencia de LDH elevada y de origen extraganglionar
del linfoma, mayor frecuencia de afectacion de la médula ésea -MO-y de afectacidon adenopatica
extensa). Ademas, constataron que los pacientes mayores tenian una inferior SLP, SG y SEL y que
los jovenes presentaban una marcada reduccion de su esperanza de vida respecto a la poblacién

general, que cifraban en un 50%.

En lo referente a los pacientes de edad avanzada, un estudio del SEER sobre 3 705 pacientes de
80 aflos 0 mas evidencié que recibir algun tratamiento para el LF supuso un 23% de reduccion
del riesgo de muerte, de manera independiente de la comorbilidad. Con estos datos, los autores
animan a valorar activamente las opciones terapéuticas en todo paciente sea cual sea su edad,

siempre que tenga criterios de tratamiento.

Desde el punto de vista de la relacion entre la edad y la biologia del linfoma, un estudio reciente’®
que secuencié muestras de ADN de 258 pacientes con LF evidencié que la edad tenia ademas un
impacto en la genética del LF: el nimero de mutaciones aumenta con la edad al diagnostico,
especialmente en forma de mutaciones silentes y mutaciones con bajo impacto funcional.
Observaron también, de manera similar a lo propuesto por Flowers en 201677, que los pacientes
de >70 afos presentaban una mayor SLP y SG debido a una mayor muerte sin recaida pero una

incidencia acumulada de progresion similar.

A pesar de que los estudios que dieron lugar a los indices prondsticos evaluaron la SLP o SG por
cualquier causa y no emplearon una evaluacion de la SR, la presencia de la edad como factor es
casi ubicua en ellos#9°2-545657.59-6670 Eg de interés la reciente aparicion del indice PRIMA-PI®?, un
indice prondstico con solo dos elementos que no contempla la edad, como se comentara mas

adelante.

2.1.1.1.3. Fragilidad y comorbilidad
En los Ultimos afios ha cobrado una gran importancia la evaluacion de la fragilidad y la

comorbilidad en pacientes con linfoma. Aunque el desarrollo de este campo ha sido mucho mas
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prominente en el ambito de los linfomas agresivost®®’, se trata de un aspecto particularmente
relevante en los linfomas indolentes®, atendiendo a su larga supervivencia y la intercurrencia de

otras posibles causas de muerte.

En un estudio con 224 pacientes diagnosticados de LF y tratados con IQT en los que se evalud la
comorbilidad segun el Charlson Comorbidity Index (CCI)%, el 7% de los pacientes presentaba una
comorbilidad moderada o grave (CCl >2), lo cual fue un predictor de SG independiente del indice
FLIPI y del grado histolégico. Con estos tres elementos propusieron un nuevo indice prondstico
que aun no ha sido validado en cohortes externas. Por otra parte, en el ya citado estudio de
registro’® se observé que la comorbilidad aumentaba tanto la mortalidad especifica como la no
relacionada con el linfoma en la mayoria de subtipos de LNH. Hasta donde tenemos constancia,
no se ha estudiado el impacto de la comorbilidad en series amplias de pacientes diagnosticados

especificamente de LF.

2.1.1.14. Hipovitaminosis D
Tras el andlisis de muestras de suero de pacientes incluidos en tres ensayos clinicos del grupo
SWOG vy en el estudio PRIMA™, se evidencié que el 15% de pacientes con LF con niveles de
vitamina D al diagndstico <20 ng/mL presentaban una SLP y una SG inferiores, aunque estos
hallazgos se observaron Unicamente en la cohorte SWOG y no se replicaron en la del estudio
PRIMA. Los autores reconocen que, aunque este hallazgo podria traducir una inferior actividad
macrofagica antitumoral®®, resulta complicado dilucidar si se trata de un factor relacionado con
un estilo de vida mas saludable y, por tanto, una mejor supervivencia, o un factor modificable a
través de la suplementacién vitaminica antes de iniciar el tratamiento. El impacto prondstico
adverso de los niveles bajos de vitamina D se confirmé en un estudio prospectivo de 624
pacientes® en cuanto a varios parametros de supervivencia (SLP, SG, SEL) y en pacientes tratados

con inmunoterapia, IQT o que no habian recibido tratamiento.

2.1.1.1.5. Condicién socioeconémica
A pesar de que el impacto de la situacion socioecondmica en la supervivencia de pacientes con
linfoma es posiblemente menor en paises con cobertura sanitaria universal como el nuestro, es
otro de los factores iniciales que pueden modificar el cumplimiento terapéutico, el manejo de las
complicaciones y, por ende, la supervivencia. En un estudio estadounidense de registro®’ con mas
de 40 000 pacientes con FL diagnosticados en la época del rituximab, el hecho de tener cobertura
sanitaria privada (por contraposicion a pertenecer al programa Medicare, Medicaid o a no tener

cobertura de ningun tipo) se identificd como un predictor favorable de la SG.
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2.1.1.2. Dependientes de la enfermedad
2.1.1.2.1. Situacién funcional (performance status)
La evaluacién de la situacién funcional (performance status) mediante el empleo de escalas como
la de Karnofsky o ECOG es una herramienta esencial en la valoracion del paciente oncolégico en
general, y del paciente con LF en particular. Aunque el deterioro de la situacion funcional al
diagndstico es menos frecuente que en los pacientes con linfoma agresivo, por lo larvado de la
enfermedad, en torno a un 10% presenta un ECOG >2°%, y es un parametro incluido en varios
indices prondsticos?9°254566371 E| indice FLIPI®' no lo incluyd pese a ser altamente significativo,
debido a la pequefna proporcién de pacientes en la cual estaba alterado y a diferencias

inexplicables entre pacientes procedentes de centros europeos y americanos.

La ventaja tedrica de este pardmetro es que se trata de una situacion clinica atribuible al linfoma
y, por tanto, reversible. Es por este motivo que no deberia ser un factor tan limitante en la eleccién
de la modalidad ni intensidad del tratamiento. Sin embargo, en la practica diaria, edad,
comorbilidad, fragilidad y situacion funcional se entremezclan y complican la toma de decisiones

terapéuticas.

2.1.1.2.2. Estadio
El grado de diseminacién del linfoma fue uno de los primeros factores en ser considerado
relevante para evaluar el prondstico de la enfermedad. Tanto es asi, que el estadio de Ann-Arbor
(Figura 5) forma parte de un gran nimero de indices pronosticos, disefiados desde los aflos 1980
hasta la actualidad>0>2-54566163-6570 Hoy en dia, conserva relevancia por su claro valor prondstico

y por ser uno de los factores empleados en la eleccion del esquema terapéutico (ver arriba).

Estadio | Estadio Il Estadio lll Estadio IV
B : = B
" T _F 3
+ —hs, 0 ) “g
:‘. — k‘ !

- 4

Figura 5. PET-TC de cuatro pacientes con linfoma en el momento del diagnédstico. Las flechas indican la
afectacién ganglionar. Modificado de El-Galaly y colaboradores®.
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2.1.1.2.3. Extension de la afectacion ganglionar y enfermedad voluminosa
De manera similar al estadio de Ann-Arbor, se ha establecido que el nimero de é&reas
ganglionares, agrupadas de diversas maneras en funcién del estudio, y el tamafio de la region
ganglionar mas afectada (también llamado “masa voluminosa” o “bulky”) tienen impacto
pronéstico. Ciertos indices han incluido informacién sobre el ndmero de territorios

ganglionares®”>96163-6570 y otros sobre la presencia de una masa voluminosa%-1626671,

2.1.1.2.4. Presencia de sintomas B
La liberacion de sustancias proinflamatorias por parte de las células tumorales y del
microambiente esta asociada a un estadio méas avanzado y otros factores prondsticos adversos,
por lo que la presencia de alguno de los llamados sintomas “B” es un marcador de actividad de
la enfermedad y, segun las guias internacionales, una indicacion para iniciar tratamiento®’*, Es

un factor incluido en algunos de los indices clasicos*®4°7:5960,

2.1.1.2.5. Marcadores de proliferacién
De manera similar a lo que ocurre con los sintomas “B”, existe una gran cantidad de marcadores
séricos, plasmaticos o del hemograma que reflejan un mayor recambio celular, son indicativos de
una enfermedad mas proliferativa y, en consecuencia, se han identificado como factores

pronosticos adversos.

2.1.1.2.5.1. Niveles séricos de LDH
La LDH es una enzima que, ademas de encontrarse en altas concentraciones en multiples tejidos®,
juega un papel importante en el efecto Warburg®, por el cual las células tumorales experimentan
un cambio de un metabolismo aerébico a otro predominantemente anaerdbico y la glucosa es
convertida en lactato. Este aumento de la glucolisis aun en presencia de concentraciones
suficientes de oxigeno (“glucolisis aerobia”) es una caracteristica comdn a muchas neoplasias y
participa en los mecanismos de progresién tumoral. En el caso concreto del LF, la LDH se
encuentra elevada en alrededor de un 20% de los casos al diagndstico®' y se ha relacionado con
mayor actividad proliferativa y peor prondstico. Este parametro ha sido incorporado a varios

indices prondsticos>0.°6:606163-6570,71

2.1.1.2.5.2. Niveles séricos de B,-microglobulina
La B2M es una proteina sintetizada por todas las células nucleadas que forma la cadena ligera del
complejo mayor de histocompatibilidad tipo 1°°. La B2M soluble se detecta en varios tipos de

liquidos organicos, tras la liberacion de la superficie celular o del citoplasma. Tras la identificacién
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de los niveles elevados de B2M en suero como un factor prondstico adverso, se ha incorporado
a diversos indices>#626671 No fue incluido en el indice FLIPI®" debido a que existia una elevada
proporcion de pacientes en los que no se disponia de informacién para este parametro. Es
oportuno recordar que el reciente indice PRIMA-PI®’ incorpora Unicamente la infiltracion de
médula dsea y los niveles de B2M (en este caso, superiores a 3 mg/L, independientemente del

rango de normalidad del laboratorio).

2.1.1.2.5.3. Anemia, niveles séricos de albumina y velocidad de sedimentacion
globular

La anemia puede sobrevenir en pacientes con LF a través de distintos mecanismos: el bloqueo del
metabolismo férrico (similar al que ocurre en la anemia de trastorno crénico), la infiltracion
medular y el hiperesplenismo en casos con esplenomegalia, entre otros. La presencia de anemia
se encuentra incluida en el FLIPI y otros indices®>62-%67071 | 3 velocidad de sedimentacion globular
(VSG) es un parametro relacionado con el estado inflamatorio y el aumento de las proteinas
circulantes, que se incluy6 en el indice ILI®. La hipoalbuminemia, por su parte, es un factor
presente en varias situaciones clinicas de claro impacto prondstico adverso: desnutricion y
fragilidad, ciertas comorbilidades o una alteracidon metabolica en el contexto de una enfermedad
agresiva. De manera similar a lo sucedido con la B2M, a pesar de ser altamente significativos, en
el indice FLIPI no se incluyeron la albumina ni la VSG por existir un niUmero inaceptablemente alto

de pacientes de la cohorte en los que no se habian medido.

2.1.1.2.5.4. Niveles plasmaticos de ADN tumoral
La caracterizacion del ADN circulante derivado del tumor (ADNtc) ha surgido como un método
para identificar alteraciones genéticas especificas de la neoplasia en muestras de sangre
periférica®®. En varios subtipos de linfoma, especialmente linfoma de Hodgkin y LBDCG, se ha
establecido como factor prondstico al diagndstico y en la evaluaciéon de la respuesta, aunque su
llegada a la préactica clinica ain no se ha producido. Se esta explorando su utilidad en otro tipo

de linfomas, incluido el LF%97,

2.1.1.2.6. Afectacion extranglionar y de la médula ésea
La afectacion extraganglionar (infiltracion de érganos diferentes a los ganglios linfaticos) se ha
establecido como un pronoéstico adverso y se ha incluido en algunos indices®%*"%66071 Una
situacion particular es la infiltracion de médula ésea (IMO), frecuente en el LF (la presenta un 48%

en la cohorte del FLIPI), e incluida en ciertos indices prondsticos®'626667,

23



s,

Introduccioén. Evaluacién pronéstica en el linfoma folicular

Este parametro es Unico de los dos (junto con la B2M) evaluados por el indice PRIMA-PI®’, En este
indice, los niveles de B2M >3 mg/L adscriben al paciente directamente a la categoria de alto
riesgo, mientras que, entre los pacientes con B2M <3 mg/L era la infiltracion de MO la que
diferenciaba entre riesgo bajo e intermedio. Es importante destacar, sin embargo, que los
pacientes de riesgo bajo e intermedio presentaban una SG similar, por lo que las dos categorias
se fusionaron a este efecto. En un andlisis posterior del Grupo Noérdico de Linfoma®® sobre
pacientes tratados sin quimioterapia, a pesar de que el PRIMA-PI de manera global predecia la
SLP y la SG, no se observaron diferencias significativas cuando se analizaron Unicamente en base
a la infiltracion de MO, lo que sugiere que el factor prondstico realmente importante es la B2M.
En efecto, la controversia sobre el impacto prondstico de la infiltracién de MO existia ya antes de
la creacion de este indice. Algunos estudios iniciales habian establecido una asociacién entre la
IMO y una supervivencia inferior®, otros no habian observado impacto pronéstico'-1%2, mientras
que ciertos estudios habian determinado que era el patrén'® o el grado® de infiltracién lo que

definia el impacto prondstico.

Mas alla del estudio histoldgico, se ha explorado el impacto de la IMO evaluada por otros
métodos, como la citometria de flujo (CMF) o la biologia molecular. Aunque se ha evidenciado
una fuerte asociacion entre la CMF y la histologia en la evaluacién de la IMO™941%, e| impacto de
la IMO por CMF no se ha establecido hasta hace poco’”. Se consideran dos los posibles riesgos
de la CMF en la evaluacion de la infiltracion medular: la sobreestimacién (detectar una infiltracion
de pequefia cuantia sin impacto prondstico) y la infraestimacién (no detectar una infiltracion
parcheada)’?. Por su parte, la infiltracion medular evaluada por biologia molecular (PCR del
reordenamiento /GH-BCL2) no parece estar estrechamente correlacionada con la infiltracion

evaluada por histologia'®'% y, ademas, su impacto prondstico no esta claro™110-114,

2.1.1.2.7. PET inicial
La incorporacién del PET a la practica asistencial ha permitido una optimizacion en el estadiaje de
los pacientes con linfoma: contribuye a detectar lesiones hipermetabdlicas morfoldégicamente
normales (con el consiguiente upstaging) y la categorizacibn como residuales de lesiones
aumentadas de tamafo pero con una captacidon normal de radiotrazador, especialmente en el
contexto de la evaluacion de la respuesta al tratamiento (la llamada “masa residual”). Esto hace
que el estudio combinado PET-TC sea el recomendado por las guias mas recientes?’. Varias son
las situaciones clinicas en las que la PET-TC tiene claras implicaciones terapéuticas, como la
exclusion de enfermedad a distancia en casos supuestamente localizados y la identificacion de la

lesion mas hipermetabdlica para dirigir la biopsia en situaciones en las que se sospecha una TH.
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Mas recientemente, se ha establecido con firmeza el impacto prondstico de los parametros del
PET en LF. En un analisis combinado de 185 pacientes® con LF grado 1-3A en estadio avanzado y
tratados con IQT, provenientes de tres ensayos prospectivos, se analizaron datos clinicos y de
PET-TC, y se establecié que el punto de corte 6ptimo del volumen metabdlico tumoral total
(VMTT) para predecir la SLP y la SG era 510 cm?. Ademas, se establecié que el VMTT se asociaba
con caracteristicas iniciales de alto riesgo. En el analisis multivariado se establecio que el VMTT y
el FLIPI2 eran predictores independientes de la SLP, por lo que se combinaron en un indice
pronostico, que selecciona un pequeiio grupo de pacientes (14%, VMTT elevado y FLIPI2
intermedio-alto) con una baja SLP (20% a 5 afios). Las limitaciones de este estudio son un
seguimiento demasiado corto como para identificar diferencias significativas en SG y la ausencia

de validacion en una cohorte externa.

Por otra parte, se ha evidenciado que la extension de la enfermedad medida por PET-TC tiene
también impacto prondstico. Un estudio unicéntrico retrospectivo que revisé los datos de PET-TC
de 613 pacientes observd que la afectacion de >2 areas ganglionares y la esplénica, 6sea o de
partes blandas estaban asociados de manera independiente a un mayor riesgo de recaida
precoz'’. Aunque el uso de los parametros de imagen es muy prometedor en LF, la falta de
estandarizacién de las medidas del PET-TC, la existencia de multiples métodos para calcular el
VMTT vy la variabilidad de los puntos de corte para considerarlo de alto riesgo complican su
aplicabilidad clinica. Como se vera mas adelante, el empleo del PET tiene mas importancia, si cabe,

en la evaluacion de la respuesta.

2.1.1.3. Dependientes de la biologia del tumor
Finalmente, existe una serie de factores prondsticos en el momento del diagndstico o cualquier
recaida que son relativos al comportamiento de las células tumorales, sus caracteristicas

histologicas, determinantes genéticos y relaciones con el microambiente tumoral (MAT).

2.1.1.3.1. Grado histolégico
El reconocimiento del grado histoldgico fue una de las primeras aproximaciones a la
caracterizacién del comportamiento de la enfermedad. Como se ha definido en las secciones
precedentes, establecer el grado histoldgico es de crucial importancia, en especial en el caso del
LF grado 3B, en el que las antraciclinas se consideran un pilar del tratamiento. Existen, sin
embargo, ciertas limitaciones en reconocer el grado histolégico como un factor prondstico

potente, como la baja frecuencia de casos de LF grado 3, la limitada concordancia interobservador
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al establecer el grado y la mayor intensidad del tratamiento recibido por los pacientes con LF
grado 3B como posible factor confusor. Se suma a estas dificultades la heterogeneidad espacial
del LF (sesgo de muestreo), por la cual biopsias de diferentes localizaciones anatdmicas tomadas
en el mismo momento pueden mostrar caracteristicas histologicas dispares. Por todo lo anterior,
se requieren mas estudios para establecer de manera definitiva el impacto prondstico del grado

histologico™'6-12¢,

2.1.1.3.2. Biologia de la célula tumoral
El factor posiblemente mas determinante, y menos conocido, en el prondstico del LF son las

alteraciones genéticas y epigenéticas de la poblacion de células tumorales.

2.1.1.3.2.1. Alteraciones citogenéticas
Como se ha comentado previamente, la t(14;18) es una alteracion frecuente (85%) en las muestras
histologicas de LF, pero no parece ser ni suficiente (algunos individuos sanos presentan el
reordenamiento BCL2/IGH en sangre periférica) ni necesaria para el desarrollo de la enfermedad
(existe un 15% de pacientes con LF que no presentan la traslocacion). Un estudio reciente que ha
analizado este subgrupo de LF sin la t(14;18)"?" evidencié que se daba mas frecuentemente en
mujeres, se presentaba en estadios menos avanzados y tenia un prondstico excelente. El perfil de

alteraciones en el numero de copias (CNA) y mutaciones era similar al de los LF con t(14;18).

De manera adicional a la t(14;18), el LF presenta habitualmente otras alteraciones cromosomicas
recurrentes. En los estudios anteriores a la introduccion de la inmunoterapia se asocio la delecién
de 6q y la deleciéon de 17p con un peor prondstico'®128129 En un anélisis mas reciente de
alteraciones cromosémicas evaluadas por cariotipo con bandas G, se estudiaron 201 muestras
de pacientes con LF, un 87% de los cuales habia recibido rituximab como parte del tratamiento.
En el analisis inicial se evidencié que la delecion de 17p, anomalias en 3927, la trisomia 7, trisomia
21 o un cariotipo complejo (>3 alteraciones cromosdmicas) tenian impacto adverso en la SG,
aunque solo la trisomia 21 conservé significacion en el analisis multivariado. Sin embargo, la

trisomia 21 es una alteracion citogenética poco frecuente (6%).

En un estudio de la cohorte S0016 del SWOG en el que se emplearon arrays'', se relaciono la
recaida precoz con ganancias en 2p y con la pérdida de heterocigosidad (CN-LOH) en 2p. La
delecion de 9p, que alberga CDKNZ2A/B, se relaciond con una SLP inferior. La delecidn de 16p,
que contiene CREBBP, y la de 17p se asociaron con una inferior SG. Estos datos animaron a los

autores a recomendar el empleo de arrays en el estudio inicial de pacientes con LF para optimizar
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su estratificacion prondstica, pues la identificacion de alteraciones citogenéticas es mas eficaz que

mediante FISH. Sin embargo, esta técnica no esta implantada en la rutina asistencial.

2.1.1.3.2.2. Mutaciones
En la Ultima década, se ha avanzado de manera significativa en el conocimiento del perfil genético
del LF a través de los estudios de secuenciacién masiva (next generation sequencing, NGS, Tabla
2). Se ha establecido que los genes con papel de regulacion epigenética (también llamados genes
modificadores de la cromatina o de histonas) estan frecuentemente mutados en LF. Por ejemplo,
KMT2D se encuentra mutado en un 75% de casos, CREBBP en un 65% y EZH2 en un 25%?2%132133,
Sin embargo, no se debe equiparar la importancia patogénica de estas mutaciones, que es

indiscutible, con un supuesto impacto prondstico, que esta aln por establecer.

Las mutaciones en reguladores epigenéticos se centran fundamentalmente en la modificacion
postraduccional de histonas. Este tipo de mutaciones son eventos generalmente precoces,
clonales y temporalmente estables, lo que les atribuye un papel central en el inicio y
mantenimiento de la enfermedad’*'®, La mayoria de los casos presenta varias alteraciones de
este tipo, y la suma de estas mutaciones con pérdida de funcidon genera de manera global (con la

excepciéon de EZH2) una represion de la transcripcion.

Otras vias frecuentemente alteradas en LF son la del reconocimiento inmune (TNFRSF14, CTSS), la
de BCR/NF-KB (CARD11, TNFAIP3, MYD88), via de mTOR (RRAGC, ATP6AP1, ATP6V1B2, SESTRINT),
y sefalizacién de JAK-STAT (STAT6)1327134136-140,

Existen también mutaciones en dos genes supresores de tumores que han demostrado tener
implicaciones pronosticas independientes: TP53 y CDKNZ2A. A pesar de que la mutacion de TP53
se encuentra solo en un 6% de los LF que no han recibido tratamiento, su presencia se relacioné
con una peor SLP y SG, de manera independiente del International Prognostic Index (IP1)'41.
Ademas, la adquisicion de la mutacion de TP53 se ha encontrado en un 28% de pacientes que
presentan una TH a un LBDCG™2. Por su parte, la delecion o metilacion de CDKNZ2A se halla en
un 27% de muestras de LF al diagnostico y se ha asociado con una inferior SG, especialmente en
pacientes tratados con rituximab'#3. Ademas de su papel en el reordenamiento con IGH, se han
estudiado las mutaciones de BCL2 como factor prondstico, y se ha observado que tienen impacto

en el riesgo de TH y en la SG™4.
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Tabla 2. Alteraciones genéticas presentes en al menos el 10% de los casos de LF.

. ., Frecuencia
Via Gen Tipo de;fa:'::etzcr’aaon y mutacional en LF Efecto o funcion
(%)
Proliferacié » Modificacié hi ,
roliteracion KMT2D Mutacion (1) 80-90 23'{);‘;23:’25;;5;:;235
IgHV, IgLV Mutacién (1) 75-90 Glicosilacion del BCR
RB1 Delecion (1) 1 Interferenqa con el control
del ciclo celular
CDK4 Ganancia en el nUmero 29 Interferencia con el control
de copias (1) del ciclo celular
Traslocacion o Factor de transcripcion,
BCL ., —1 L,
cLe mutacion (1) 615 progresion tumoral
H1-2, H1-4 Mutacién (1) 47 Remodelado de la cromatina
MEF2B Mutacién (1) 44 Factor de transcripcion,
activador transcripcional
EP300 Mutacion (1) 13-15 Modificacion de histonas
SESNT Silenciamiento 10-20 Promocién de la actividad de
epigenético (1) mTOR
RRAGCATPOVIEZ . Sefial de supervivencia de
ATPGAPT Mutacién (1) ~20 mMTORC1
EZH2 Mutacién (1) 17 Modificacion de histonas
ARID1A Mutacién (1) 7-30 Remodelado de la cromatina
GNAT3 Mutacion (1) 15 Prollferaaoh y d|.sem|naC|on
del linfocito B
y Desregulacién de factores de
l ~ .
SGK1 Mutacion (1) 10 transcripcion FOXO y NF-«B
FOXOT1 Mutacion (1) ~10 Factor de transcripcion,
supervivencia y proliferacion
CARDT11 Mutacion (1) ~10 Aumento de sefalizaciéon BCR
STAT6 Mutacion (1) 10 Actlvacmj:s_es_sreAr_}al|zaC|on
i i Trasl i6 . .
Supervivencia BCL2 ri:lit:?;]o(r})o 10 Supresién de la apoptosis
TNFAIP3 Mutacién (1) 80-90 Pérdida de supresion de
tumores
Evasion Deleciéon o
inmune EPHA7 silenciamiento 50 Supresor de tumores
epigenético (1)
., Supresor de tumores,
TNFRSF14 Mut l 2-2 o
S utacion (1) 6 aumento de sefalizacién BCR
CREBBP Mutacion (1) 70 Modificacion de histonas,
supresor de tumores

1, ganancia de funcién, |, pérdida de funcion;, BCR, receptor de la célula B. Modificado de Carbone y
colaboradores®.

Kridel y colaboradores'® estudiaron las poblaciones clonales en muestras de LF tomadas en el
momento de progresion de la enfermedad o TH. Sus hallazgos ponen de manifiesto diferencias
en las mutaciones asociadas con la recaida precoz (KMT2C, BTG1, TP53, MKI67, XBP1, SOCS]T,
IKZF3, B2M, FAS y MYD88) en comparacién con las de la TH (TP53, B2M, EZH2, MYC, CCND3, EBFT,
PIM1, GNA13, ITPKB, CHD8, P2RY8'y S1PR2).

El grupo alemén de linfoma de bajo grado (GLSG), en colaboracién con la British Columbia Cancer

Agency (BCCA) ha desarrollado recientemente un indice prondstico con informacion clinica (FLIPI
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y ECOG) y genética, denominado m7-FLIPI®3. Aplicaron un panel de secuenciacién de 74 genes a
151 muestras de ganglio de pacientes con LF en estadio avanzado y alta carga tumoral tratados
con R-CHOP +/- mantenimiento con interferdn. Los autores encontraron que las mutaciones en
EP300, FOXO1, CREBBP y CARD11 (de mal prondstico), y las de MEF2B, ARID1A y EZH2 (de buen
prondstico) eran suficientemente frecuentes y con peso prondstico como para mejorar la
prediccion conseguida por los pardmetros clinicos. De los genes evaluados en el indice, todos son
modificadores de la cromatina, a excepcion de FOXOT (un factor de transcripcion esencial en la
supervivencia celulary la proliferacion) y CARD11 (implicado en la activacion del linfocito B). Dicho
estudio presenta varias limitaciones, a saber: 1) las mutaciones individuales no tenian impacto
pronostico por si mismas en los analisis multivariados, 2) solo se consideraron las mutaciones con
una frecuencia alélica >10%, 3) solo se incluyeron pacientes con alta carga tumoral y 4) las
biopsias se obtuvieron como méaximo un afio antes de iniciar el tratamiento, independientemente
del momento del diagndstico y el intervalo durante el cual se siguié una actitud expectante. Con
todo, el citado estudio supone un avance en el entendimiento de la biologia y prondstico del
linfoma folicular. Un estudio posterior intentd simplificar el m7-FLIPI mediante el analisis de
Unicamente tres genes (EP300, FOXO1 y EZH2), y consiguid identificar de manera adecuada

aquellos pacientes con recaida precoz®.

A pesar de las multiples técnicas gendmicas disponibles, la NGS sigue siendo la que ha
conseguido una mayor difusién experimental, pero aln se encuentra lejos de establecerse en la
practica clinica. El hecho de que la mayoria de pacientes con LF tenga una supervivencia
prolongada hace que la inclusién de subgrupos particulares de pacientes en lo que respecta a la
necesidad de tratamiento o la duracion de la respuesta sea un reto para los estudios genémicos
de cohortes de pacientes no seleccionados (que a lo sumo cuentan con uno o dos centenares de
pacientes). Es por este motivo que es de especial interés disefiar estudios gendmicos sobre
poblaciones especificas de pacientes con LF, como aquellos que no requieren tratamiento durante

largos periodos de tiempo, presentan una recaida precoz o recaen de manera tardia.
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2.1.1.3.3. Microambiente tumoral
Tanto o mas importante que el comportamiento de las células tumorales en si mismas lo es el de
las células no tumorales que las acompafan y constituyen una gran parte de la histologia del LF
(linfocitos, células estromales y componentes extracelulares). Un MAT permisivo puede favorecer

el desarrollo, persistencia y reaparicion de cualquier tumor, y los linfomas B no son una excepcion.

Existe amplia evidencia del papel fundamental del MAT en el LF'*°. En primer lugar, los linfocitos
del LF residen en nichos especificos y adoptan una arquitectura espacial con las células dendriticas
foliculares (CDF) vecinas y con los linfocitos T follicular helper (Tfh) que recuerda a los centros
germinales reactivos. En segundo lugar, los linfocitos B del LF no son capaces de crecer in vitro en

ausencia de seflales del microambiente ni de implantarse en ratones inmunosuprimidos.

Historicamente, la identificacion de los componentes del MAT se ha basado principalmente en la
morfologia, inmunohistoquimica y citometria de flujo, lo que les ha otorgado un papel prondstico
incierto'®, debido en parte a su estudio en cohortes de pacientes pequefias, tratadas de manera
heterogénea, a la variabilidad en la interpretacion de la IHQ y a una subestimacion de la
complejidad del equilibro y localizacion espacial de las células inmunes en el MAT. El empleo de
técnicas de mayor resolucién, como analisis inmunes espaciales y de citometria de masas tipo
cytometry by time of flight (CyTOF) han contribuido y seguirdn contribuyendo al entendimiento
del MAT.

Cabe tener en cuenta, ademas, que la relacion entre la gendmica y el comportamiento del
microambiente es estrecha. Ciertas lesiones genéticas alteran el microambiente normal del centro
germinal y con esto favorecen la linfomagénesis y la progresién. Un ejemplo destacado es la
proteina HVEM, que se expresa de manera normal en linfocitos B y T y regula las respuesta
inmunes estimuladoras e inhibidoras a través de vias de sefializacién bidireccionales™’. Un 40%
de los casos de LF presentan una pérdida de HVEM, codificada por el gen TNFRSF14, mediante
mutacion, delecion o CN-LOH™3137.148 Sy papel en la linfomagénesis parece depender de su

interaccion con la molécula inhibidora BTLA.

Los componentes del MAT se han clasificado en tres grandes grupos de agentes: linfocitos T

infiltrantes del tumor, macréfagos asociados al tumor y células del estroma (Figura 6).
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Figura 6. Interacciones entre la célula tumoral y el microambiente del LF. Las células del LF expresan CD40,

mientras que las células T follicular helper (Tfh) expresan CD40L. Estas células también secretan interleucinas
que favorecen el crecimiento de las células tumorales. Las quimiocinas (CXCL12 y CXCL13) secretadas por las
células estromales se unen al receptor CXCR5 de las células Tfh y las células del LF. La N-glicosilacién del BCR
induce su activacion independiente de antigeno y activa sefiales de supervivencia mediante su interacciéon con
macréfagos asociados al tumor (TAM) que expresan la molécula DC-SIGN. FDC, célula dendritica folicular; PD-
L1, programmed cell death ligand 1, MHC, major histocompatibility complex; TCR, receptor de la célula T;
ICOS, inducible T-cell co-stimulatory, FRC, célula fibrobldstica reticular. Tomado de Kumar y colaboradores'®.

2.1.1.3.3.1. Linfocitos infiltrantes del tumor
Los ganglios linfaticos afectos de LF tienen un claro aumento de varios tipos de linfocitos T CD4*,
como linfocitos Tfh (T follicular helper), Treg (T regulatory) y linfocitos Tfr (T follicular regulatory)

respecto a ganglios linfaticos normales™1%0,

Los linfocitos Tth son un grupo especializado de linfocitos T CD4* con un papel fundamental en
el desarrollo y funcién de los CG normales. En el LF los linfocitos Tfh presentan unos perfiles de
expresion génica y de citocinas especificos, con sobreexpresion de IL-2 e IL-4, que median la
sefializacion a través de STAT6, contribuyen a la proliferacién y evitan la apoptosis. Se han descrito
también alteraciones en vias de sefalizacién inmunosupresoras y en la secrecion de IL-4 y TNF-a.
que facilitan la evasion del sistema inmune por parte del tumor™'. De hecho, los niveles séricos
de citocinas, potencialmente secretadas por células del microambiente, se han correlacionado con

el prondstico de los pacientes con LF'>2,
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Los linfocitos Treg, identificados por la expresion de CD25 y FOXP3 son linfocitos T CD4* de perfil
inmunosupresor que, en condiciones de homeostasis, son cruciales en el mantenimiento de la
tolerancia inmune periférica. La elevada presencia de Tregs en los ganglios linfaticos del LF apunta

a otro mecanismo de evasién inmune por parte del tumor.

Por Ultimo, recientemente se ha descrito un conjunto especializado de linfocitos Treg CXCR5*, los
llamados Tfr, que residen principalmente en los ganglios linfaticos y tienen caracteristicas
fenotipicas intermedias entre linfocitos Tfh y Tregs clasicos. El delicado equilibrio entre Tfth y Tfr

parece importante en la configuracion bioldgica del LF.

Por otra parte, los linfocitos T CD8* (citotoxicos) son un componente esencial de la inmunidad
antitumoral. En el LF, un nUmero aumentado de este tipo de células se ha asociado con mejor

supervivencia, de manera independiente de otros factores prondsticos'31%4,

Se han estudiado otros marcadores con potencial utilidad para identificar subpoblaciones de
linfocitos relevantes en el MAT del LF. La presencia en el MAT de células que expresan PD-1 se ha
relacionado con una mejor supervivencia, y ademas se ha evidenciado un menor nimero de estas

células en muestras de LF transformado™®.

En un estudio reciente’®, Tobin y colaboradores demostraron que la recaida precoz de los
pacientes con LF se asociaba con una menor infiltracién inmune del tumor. Mediante perfiles de
expresion génica digital (Nanostring®) de 12 genes aplicados a 132 pacientes en estadio avanzado
y con alta carga tumoral, evidenciaron que la expresion de PD-L2 fue el marcador més sensible y
especifico para diferenciar a pacientes segun el riesgo de recaida precoz. Los pacientes con un
perfil de infiltracion inmune alta (niveles altos de PD-L2) tenian abundantes macréfagos y
poblaciones T expandidas. En cambio, los pacientes con baja infiltracion inmune (PD-L2 bajo)

tenian mayor probabilidad de recaer precozmente.

Mondello y colaboradores™’ caracterizaron mediante CyTOF y CODEX (co-detection by antibody
indexing) los inmunofenotipos intratumorales de 496 casos de LF grado 1-3A. La falta de expresion
de CD4 intrafolicular fue el Unico predictor de recaida precoz. Posteriormente desarrollaron un

modelo clinico de riesgo combinando esta informacion con la del indice FLIPI.

Un dmbito de especial interés es la correlacion de los pardmetros macroscépicos (como el VMTT

medido por PET-TC) con los del MAT. En ese sentido, Nath y colaboradores'™® estudiaron una
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cohorte de 83 pacientes y observaron que la presencia de un bajo niumero de linfocitos T
intratumorales se asociaba con un VMTT unas 6 veces superior, y los ganglios linfaticos de
pacientes con VMTT elevado tenian una mayor infiltracion por linfocitos B tumorales y menor por
linfocitos T CD8* y CD4* Tfh. Evidenciaron también que la captaciéon de radiotrazador medida
mediante el SUV (standardized uptake value) de la lesion estaba asociada con la proporcion de
linfocitos T, pero no de linfocitos B. Con estos datos, concluyeron que el VMTT esta més asociado
con la carga de linfocitos B tumorales, mientras que los linfocitos T intratumorales determinan el

SUV.

2.1.1.3.3.2. Macréfagos asociados al tumor
Los macréfagos son una parte esencial del sistema inmune innato que actia mediante la
fagocitosis de patégenos y células apoptéticas, pero también son células presentadoras de
antigeno de alta eficiencia. La importancia de este conjunto de células, de funcion variada y
compleja, ha quedado reconocida en el LF y en otras enfermedades. La clasificacién tradicional
defendia una polarizacion de los macréfagos hacia M1 (dependientes de lipopolisacarido e IFN-
y) o M2 (dependientes de IL-4 e IL-13, mas relacionados con la inmunidad antitumoral). Sin
embargo, hoy en dia se considera que esta clasificacién solo captura de manera parcial la

plasticidad, heterogeneidad y dinamicidad de los macréfagos in vivo'.

Los macréfagos asociados al tumor contribuyen directamente al crecimiento de las células
tumorales a través de las vias del BCR, de BAFF y de IL-15'%0. En cambio, la fagocitosis de células
dependiente de anticuerpos esta también mediada por macrofagos, y es esencial en la eliminacion

de células tumorales inducida por el rituximab™®'.

Dave y colaboradores'®? demostraron que los casos de LF enriquecidos en genes principalmente
expresados en macréfagos y CDF (lo que denominaron “perfil de respuesta inmune 2") tenian una
supervivencia inferior, mientras que en aquellos que expresaban genes propios de linfocitos T
("perfil de respuesta inmune 1”) era superior. Actualmente, queda por definir la importancia
pronostica exacta de los macréfagos asociados al tumor en el LF, especialmente cuando se
evallan mediante IHQ. Estas células se identifican tipicamente por expresar los marcadores CD68
y CD163. Aunque un mayor nimero de células CD68* se relacioné con un peor prondstico en
pacientes con LF tratados con QT, este efecto se perdié en pacientes tratados con rituximab'63164,
Estos hallazgos aparentemente contradictorios sugieren que el tratamiento con QT o IQT puede

modular la composicion del MAT.
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2.1.1.3.3.3. Células del estroma
Aunque la atencion de las Ultimas décadas se ha centrado en los componentes inmunoldgicos del
MAT, el estudio de los elementos no inmunes (células endoteliales, fibroblastos y células
mesenquimales del estroma) estd ganando importancia. Por ejemplo, la infiltracién de la médula
Osea, presente en un 70% de pacientes con LF, se caracteriza por una diferenciacién ectopica de
células estromales pseudolinfoides y enriquecimiento local de linfocitos T CD4*'5, Algunos
estudios en desarrollo tienen como objetivo caracterizar las diferencias en la composicién y
organizacion de las células de los ecosistemas que componen el ganglio linfatico y la médula

Osea.

En base a la idea tedrica de que los componentes del MAT podrian tener un reflejo en
compartimentos celulares circulantes (linfocitos y monocitos en sangre periférica), algunos
autores han evaluado la importancia de la linfopenia’®'%'7, la monocitosis'®’-"%° o una ratio
linfocito/monocito (LMR) disminuida'’®"72 en el pronédstico de los pacientes con LF. Sin embargo,
se trata de series con un nimero reducido de pacientes, muchos de ellos tratados antes de la
llegada de la inmunoterapia, y con resultados contradictorios respecto a su impacto en la

supervivencia.

Finalmente, con el objetivo de combinar informacién proveniente de las células tumorales y del
MAT, a partir de una cohorte de pacientes del estudio PRIMA™ se ha propuesto un indice
prondstico basado en la expresion de 23 genes®. Se identificaron dos firmas de expresion, de
bajo y alto riesgo de progresion. La firma de alto riesgo se asocid con una SLP inferior y mayor
riesgo de recaida precoz, y los resultados se validaron en 3 cohortes independientes. Un hallazgo
interesante fue que las firmas de respuesta inmune identificadas por Dave'®? no tuvieron impacto
pronostico en el estudio de Huet y colaboradores, probablemente debido a que en la cohorte del
estudio de Dave los pacientes no habian recibido tratamiento con rituximab. A pesar de que dicho
estudio se considera un avance en el conocimiento sobre la biologia del LF, sera necesario validar
el impacto prondstico del perfil de expresién génica en cohortes de pacientes con baja carga
tumoral o estadios localizados antes de aplicarlo en la practica clinica para seleccionar estrategias

terapéuticas.

2.1.2. Relacionados con la profundidad y duracién de la respuesta
Existen algunos factores pronosticos que dependen de la respuesta obtenida al tratamiento de
primera linea y que, por tanto, no son conocidos en el momento del diagnostico. Aunque por

definicion no constituyen una buena herramienta para decidir sobre la necesidad de iniciar
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tratamiento o el esquema mas adecuado, dan informaciéon sobre el comportamiento de la
enfermedad para cada paciente de manera individual y permitirian, una vez validada su
importancia, adaptar el tratamiento tras la induccién (estrategias de mantenimiento, trasplante

autdlogo, tratamiento con CAR-T, entre otras).

2.1.2.1. Enfermedad minima residual en SP y MO y niveles plasmdticos de ADN tumoral
Desde un punto de vista conceptual, es facilmente entendible que la cuantificacién de la alteracion
genética caracteristica de las células del LF en sangre periférica (SP) y MO después del tratamiento
tenga correlacién prondstica. Se han explorado varias técnicas para monitorizar le enfermedad
minima residual (EMR). Sin embargo, la FISH no tiene suficiente sensibilidad y la citometria de
flujo no puede identificar adecuadamente las células del LF por la inexistencia de un patron
inmunofenotipico especifico. Por lo tanto, ha sido la biologia molecular la que ha aportado mas

al seguimiento de la EMR en esta enfermedad.

Varios estudios han empleado la deteccion del transcrito /GH-BCL2 después del tratamiento.
Como era de esperar, los pacientes con EMR negativa tienen una SLP mas larga, tanto en los
estudios realizados en la época pre-rituximab como en la era de la inmunoterapia, y evaluada ya
sea en SP o en MO*'373 Sin embargo, se prefiere la reevaluacion en MO por su mayor
sensibilidad (la cantidad de células con el reordenamiento es inferior en SP, entre otras cosas, por
su rapida eliminacién por los regimenes de IQT)"%"4173 Otros estudios, en cambio, no han
encontrado asociacion entre la EMR y la supervivencia, aunque algunos autores han explicado
estos resultados negativos por la ausencia de aleatorizacion y el pequeiio tamafo muestral de los

estudios'?.

Existen varios factores que limitan la aplicabilidad practica del analisis de la EMR"2. En primer lugar,
el punto de ruptura de la t(14;18) es variable. Aunque alrededor de la mitad de los casos ocurre
en la major breakpoint region'®'74 existen otros puntos que no tienen una deteccion
estandarizada. El disefio de una PCR especifica para esos reordenamientos seria tedricamente
posible, pero de un coste y una complejidad inaceptables. En segundo lugar, como se ha
comentado previamente, un 10-15% de pacientes con LF no presenta la t(14;18), por lo que no
podrian ser sometidos a este método de seguimiento de la EMR y, ademas, el gen de fusion BCL2-
IGH puede detectarse en individuos sanos, sobre todo a medida que avanza la edad'. En tercer
lugar, no esta bien definido en qué momento clinico se deberia medir la EMR, en parte debido a
que los estudios sobre el tema utilizaban estrategias terapéuticas diferentes (induccion, induccion

y mantenimiento, consolidacion con inmunorradioterapia). Con todo, lo que si parece claro es
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que, a mayor persistencia de la negatividad de la EMR, mayor diferencia en SLP>3'%172 nor lo que
probablemente no exista ningun punto éptimo de medicion, sino que se trate de un parametro
continuo. Por ultimo, a diferencia de algunas leucemias, el LF es una enfermedad principalmente
ganglionar, y la ausencia del reordenamiento caracteristico en MO no informa necesariamente de

la evolucion de la afectacion a ese nivel.

Se prevé que parte de estas limitaciones sean superadas en un futuro préximo por la implantacion
de la tecnologia del ADNtc?. Se trata del anélisis mediante NGS de ADN liberado por células
tumorales necrdticas y apoptoticas. Una de las ventajas de esta técnica es que no evalla
exclusivamente los compartimentos sanguineo o medular y que no esta limitada a la deteccidon
de un reordenamiento concreto, ya que puede utilizar la secuenciacién de todos los
reordenamientos V(D)J de IGH, o bien el estudio de un panel de genes, potencialmente disefiado
en base a las alteraciones genéticas halladas en la biopsia ganglionar. Sin embargo, esta
tecnologia se encuentra aun en desarrollo preclinico y sus aplicaciones en LF han sido de

momento limitadas.

2.1.2.2. Respuesta evaluada por imagen
De manera similar a lo recomendado para el diagnéstico, los pacientes deben ser evaluados con
PET-TC tras el tratamiento de induccion?, pues el resultado de esta prueba proporciona
informacion prondstica y ayuda a elegir el tratamiento posterior. En un estudio combinado de
tres cohortes de ensayos clinicos con IQT, Trotman y colaboradores evaluaron el PET-TC realizado
en los 3 meses posteriores al tratamiento de induccién'®. La presencia de un PET-TC fin de
tratamiento (PET-TCft) positivo (algo que ocurrio en el 17% de los pacientes) se asocidé con una

SLP (23 vs 63% a 4 afnos) y SG inferiores (87 vs 97% a 4 anos).

Cottereau y colaboradores®® analizaron 159 pacientes incluidos en estudios prospectivos y
establecieron un indice pronostico combinado basado exclusivamente en parametros de imagen.
Se atribuia un punto si el VMTT al diagndstico era >510 cm?® y otro si el PET-TCft presentaba un
Deauville score >3. La SLP a 5 afos fue claramente diferente en funcion del nimero de puntos (67
vs 33 vs 23% para 0, 1y 2 puntos, respectivamente). Sin embargo, el hecho de no contar con el
resultado del PET-TCft en el momento del diagndstico limita la estratificacion prondstica y el
tratamiento adaptado, aunque se podria emplear para la eleccién de estrategias posinduccion.
Por otra parte, solo 10 pacientes del estudio recibieron rituximab de mantenimiento, por lo que

su validez en pacientes tratados con estrategia queda aun por definir.
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Por uUltimo, el impacto pronéstico del resultado del PET-TCft se analizé también en la cohorte del
ensayo clinico GALLIUM""178 Entre los 595 pacientes que tenian informacién disponible, se
evidencid que la obtencion de una respuesta completa (RC) evaluada tanto por TC como por PET-
TC se asociaba con la SLP a 30 meses. Sin embargo, solo la respuesta evaluada por PET-TC se
asociaba con la SG, lo que sugeria que su valoracion mediante PET-TC tiene un mayor significado

clinico.

2.1.3. Factores prondsticos en el momento de la progresion o recaida

2.1.3.1. Duracién de la respuesta
Como se ha expuesto previamente, las recaidas en el LF son la norma, y la duracién de la respuesta
al tratamiento en cada linea es progresivamente menor'®. Esto hace que la duracion de la
respuesta, también llamada tiempo hasta la recaida o SLP tras el tratamiento de primera linea,

tenga impacto prondstico en si misma.

Un analisis del National Lymphocare Study®, que ha gozado de gran difusién, identifico 588
pacientes con LF tratados con R-CHOP en primera linea. De ellos, un 19% presentd una progresién
en los primeros 24 meses desde el diagndstico (que en dicho estudio coincidia con el momento
de iniciar tratamiento, porque los pacientes incluidos no realizaron abstencidn terapéutica), lo que
fue denominado POD24. El hecho de ser POD24 se asociaba con un FLIPI de més alto riesgo y se
observé una marcada reduccion de la SG para los pacientes POD24 (50 vs 90% a 5 afios). El
impacto pronostico de la recaida precoz se ha validado en series posteriores, incluida la del

estudio PRIMA®’.

Aunque el impacto prondstico de la recaida precoz esta claro para pacientes tratados con IQT,
esta por definir si el concepto de POD24 es igualmente valido en pacientes que reciben rituximab

en monoterapia o combinaciones como rituximab-lenalidomida'”® 80,

Peor todavia es el pronostico de los pacientes primariamente refractarios al tratamiento de
primera linea. El concepto de refractariedad a rituximab se ha definido como una ausencia de
respuesta o la recaida dentro de los 6 meses posteriores a haber recibido rituximab. En este
sentido, el ensayo GADOLIN'® evalué el beneficio aportado por la adicién de obinutuzumab a la
bendamustina en pacientes con linfoma indolente refractario a rituximab, lo que dio lugar a la
aprobacién de esta combinacién por la Food and Drug Administration. Por otra parte, los pacientes
refractarios presentan un mayor riesgo de TH y de refractariedad a los tratamientos de

rescate’82183,
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La otra cara de la moneda la constituyen los pacientes que permanecen libres de recaida a los 24
meses (“no POD24") o aquellos que conservan una RC a los 30 meses (CR30) desde el inicio del
tratamiento (que coincide con el periodo de tratamiento de induccién y dos afios de
mantenimiento para los que se someten a este tipo de esquema). El concepto de CR30 se acufid
por Shi y colaboradores® con datos de casi 4 000 pacientes y establecié que era un parametro
subrogado de la SLP y que, por lo tanto, podria ser un nuevo objetivo de los ensayos clinicos para
acelerar la aprobacion de tratamientos en desarrollo. Posteriormente, el grupo espafiol demostré
que los pacientes que permanecian en CR30 tenian una esperanza de vida similar a la de
individuos de la poblacion general de la misma edad y sexo'®, lo cual podria ser considerado un
factor de buen pronéstico tras el tratamiento, y uno de los objetivos del esquema terapéutico de

primera linea.

2.1.3.2. Otros factores pronésticos en la recaida
La mayoria de los factores prondsticos sefialados al diagndstico tienen importancia también en el
momento de la recaida, pues traducen una mayor carga tumoral o una biologia del linfoma mas
agresiva. Un ejemplo es la importancia del indice FLIPI, que se ha demostrado Util en este

contexto'8>,

2.2.indices pronésticos

Durante las Ultimas décadas se han realizado esfuerzos para combinar los factores pronosticos
individuales en forma de indices que sinteticen el riesgo individual aportado por cada elemento
en una puntuacion que permita comparar y agrupar pacientes con probabilidades similares de
presentar un determinado evento puntual (respuesta completa, recaida precoz) o dependiente
del tiempo (SLP, SG, TH, Figura 7). Después de los indices iniciales como el IPI>>%¢ o el ILI®, se
desarrollé el indice FLIPI®!, que tiene en cuenta la edad, el estadio de Ann-Arbor, el nimero de
areas ganglionares afectas, la elevacién de la LDH y la presencia de anemia. A pesar de haber sido
desarrollado en la época previa a la introduccién del rituximab, se ha validado en pacientes
tratados con IQT'. En un estudio reciente' se ha observado que el aumento de la puntuacion
del indice FLIPI entre el diagndstico y el inicio del tratamiento en los pacientes inicialmente
considerados candidatos a abstencion es un factor prondstico adverso para la SG. Posteriormente
al FLIPI se desarroll6 de manera prospectiva el indice FLIPI2%? (edad, anemia, niveles de B2M,
didmetro del mayor ganglio linfatico y afectacion de MO) y el PRIMA-PI®’ (niveles séricos de B2M

y afectacién de médula dsea).
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En un estudio recientemente publicado, aplicamos cinco indices clinicos (IPl, ILI, FLIPI,

FLIPI2 y PRIMA-PI) a una serie de 414 pacientes diagnosticados de LF grado 1-3A en la época
del rituximab y comparamos su capacidad prondstica'. La concordancia global (proporcion
de pacientes clasificados en la misma categoria de riesgo por los cinco indices) fue del 24%. Los
indices FLIPI y FLIPI2 predijeron el tiempo hasta el primer tratamiento. Los cinco indices
predijeron la respuesta, la recaida precoz (POD24), la SLP y la SG. Sin embargo, solo el FLIPI
predijo el riesgo de TH. El indice IPI identifico un pequefio grupo de pacientes (7%) de muy alto
riesgo (SG a 10: 16%). En los andlisis por subgrupos, el indice ILI tuvo utilidad para establecer el
pronostico de los pacientes en estado localizado, mientras que el PRIMA-PI es una herramienta
independiente de la edad que puede identificar un grupo de pacientes mayores de alto riesgo.
La evaluacién estadistica de los parametros de capacidad prondstica no mostré grandes
diferencias entre indices. Con los resultados mencionados, concluimos que el FLIPI era la

herramienta prondstica mas potente, ya que predecia el mayor nimero de endpoints.

Las iniciativas mas recientes de indices pronosticos han incorporado informacion molecular a los
datos clinicos, como el mencionado m7-FLIPI®® o el indice de 23 genes medidos por perfiles de
expresion génica®. Por su parte, se ha incorporado el VMTT, sumado al FLIPI2, en un nuevo indice
que predice la SLP%. A dia de hoy, aunque todos los intentos de refinar los indices prondsticos
clasicos mediante nuevos elementos suponen avances en el entendimiento en la biologia y
comportamiento clinico del LF, ninguno de ellos ha conseguido influir suficientemente la practica
diaria como para ayudar en la toma de decisiones respecto al momento de iniciar tratamiento, el
esquema idoneo de primera linea o las estrategias posinduccion (mantenimiento o consolidacion
con terapias celulares). Cabe citar, como excepcidon, la aprobacién de la combinacion de
obinutuzumab y quimioterapia en primera linea para pacientes con un indice FLIPI de riesgo

intermedio o alto por parte del National Institute for Health and Care Excellence (NICE) britanico™.
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LR (36%) HR (11%)
IPI mITF 7.2y mITF 1.7y
10-y OS 74% 10-y OS 0%

LR (64%) HR (13%)
LI 5-y FFS 59% 5y FFS
10-y OS 65% 10-y OS 119

HR (27%)
FLIPI PFS NR
10-y OS 36Y%

LR (20%) HR (27%)
FLIPI2 5y PFS 89% 5y PFS 57%
5.y OS 98% 5y 0S 77%

HR (28%)
m7-FLIPI L_"_v FFS
5.y OS 659

LR (58%) HR (42%)
POD24-PI 5-y FFS 77%
5.y OS 91%

LR (53%)
Meignan 5-y PFS 69%
5-y OS 99%
LR (34%) HR (32%)
PRIMA-PI 5-y PFS 69% 5-y PFS i
5-y 0S 93% 5y OS 819
LR (65%) HR (35%)
23-GEP 5-y PFS 73% 5y PFS 26%
OS NR OS NR
LR (64%) HR (36%)
FLEX 3-y PFS 86% 3-y PFS 68%
3-y OS5 97% 3y OS 87Y%

Figura 7. Distribucién de los pacientes en categorias de riesgo y estimaciones de supervivencia segun los indices
prondsticos mds utilizados en LF, ordenados por fecha de publicacién (mds antiguo arriba). Cuando en el
estudio existe una cohorte de training y una de validacién, los datos corresponden a la primera. LR, riesgo bajo;
LIR, riesgo intermedio-bajo; HIR, riesgo intermedio-alto; HR, alto riesgo; mTTF, mediana de tiempo hasta el
fallo del tratamiento; y, afios; OS, supervivencia global; FFS, supervivencia libre de fallo del tratamiento; PFS,
supervivencia libre de progresion; NR, no alcanzada. Referencias: IPIP>, ILI®®, FLIPIS', FLIPI2%2, m7-FLIPI®3,
POD24-PI%*, Meignan®®, PRIMA-PI®?, 23-GEP®, FLEX"'. Modlificado de Mozas y colaboradores®.
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El LF es una enfermedad con un comportamiento clinico heterogéneo, en la que la mayoria de los
pacientes goza de una supervivencia prolongada y un pequefo subgrupo presenta una recaida
precoz o transformacion histologica, con alta mortalidad.

Las hipotesis de trabajo de los proyectos que convergen en la presente tesis doctoral pueden
sintetizarse de la siguiente manera:

1. Los cambios en el tratamiento de soporte y los esquemas terapéuticos a lo largo de las tltimas
décadas podrian haber supuesto una mejoria en la tasa de respuestas, supervivencia global y
libre de progresién e incidencia de transformacion histoldgica y segundas neoplasias de los
pacientes con LF.

2. Laedad mas avanzaday la presencia de enfermedades concomitantes podrian tener impacto
en la tasa de respuestas, supervivencia global y libre de progresién e incidencia de
transformacién histolégica y segundas neoplasias de los pacientes con LF.

3. La ratio linfocito/monocito en sangre periférica podria ser un marcador del microambiente
tumoral facilmente accesible a través de la sangre periférica de los pacientes con LF que
permitieran predecir su supervivencia y riesgo de otros eventos (riesgo de transformacién y
de segundas neoplasias).

4. La presencia de una inmunofijacion sérica positiva al diagndstico podria tener impacto en la
supervivencia de los pacientes con LF, ya que posiblemente traduce una desregulacion
inmunoldgica, una biologia alterada del linfocito B tumoral y sus relaciones con el
microambiente.

5. Ciertos grupos de pacientes de LF con un comportamiento clinico concreto (ausencia
prolongada de necesidad de tratamiento, ausencia de recaida, recaida precoz, recaida tardia,
o refractariedad primaria) podrian estar enriquecidos en ciertas alteraciones genéticas, tanto
mutaciones como alteraciones en el nimero de copias.
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1. Objetivo general

Identificar factores histdricos, demograficos, analiticos y gendmicos que permitan profundizar en
el conocimiento sobre la patogenia del linfoma folicular y refinar la estratificacién prondstica de

los pacientes.

2. Objetivos especificos

e Evaluar los cambios en el tratamiento, la respuesta, la supervivencia libre de progresién,
global y relativa y el riesgo de transformacién histolégica y segundas neoplasias a lo largo
de las Ultimas décadas de los pacientes con LF diagnosticados en nuestra institucion
(Primer trabajo).

e Analizar el impacto de la edad, la comorbilidad y la interaccién entre ellas en la respuesta
al tratamiento, la supervivencia libre de progresién, global y relativa, las causas de muerte
y el riesgo de transformacion y segundas neoplasias en los pacientes con LF (Segundo
trabajo).

e Establecer las asociaciones de la ratio linfocito/monocito con las caracteristicas iniciales
de los pacientes con LF y explorar su potencial impacto prondstico (Tercer trabajo).

e Explorar la prevalencia y la correlacion clinica y analitica de la presencia de un
componente monoclonal sérico al diagnodstico de los pacientes con LF, y evaluar una
posible relevancia prondstica (Cuarto trabajo).

e Determinar si existen alteraciones genéticas (mutaciones o alteraciones en el nUmero de
copias) en las que estén enriquecidos los pacientes de LF con un comportamiento clinico
concreto, en lo referente a la necesidad de tratamiento o a la duracién de la respuesta
(Quinto trabajo).
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1. Métodos comunes a los trabajos 1a 4

1.1. Pacientes y parametros clinicos

Los pacientes incluidos en los estudios fueron diagnosticados de manera consecutiva de LF grado
1-3A en el Hospital Clinic de Barcelona. No se incluyeron los pacientes con LF grado 3B, LF
primario cutaneo o gastrointestinal o LF compuesto (con un componente de LBDCG). Se
analizaron retrospectivamente las caracteristicas iniciales, tipo de tratamiento de primera linea,
SLP, SG y riesgo de TH y segundas neoplasias (SN) (Tabla 3). Los tratamientos empleados
siguieron los criterios del Departamento de Hematologia y las guias internacionales. Los estudios
se desarrollaron de acuerdo al Comité de Etica de Investigacion del Hospital Clinic y en linea con

la Declaraciéon de Helsinki.

El estadiaje se realizo utilizando TC o PET-TC, ademas de una biopsia de médula dsea unilateral.
La decision de iniciar tratamiento (pero no la modalidad de tratamiento) respondio a los criterios
GELF*, independientemente de la edad o la comorbilidad. La evaluacién de la respuesta se realizd
utilizando TC o PET-TC tras el tratamiento de induccién. Las definiciones de RC o RC no

confirmada (RCnc), respuesta parcial (RP) o fracaso terapéutico fueron las estandares® ',

La SLP se calculd desde la fecha de la primera dosis de tratamiento de primera linea hasta el
momento de la progresion (si se alcanzd una RP tras el tratamiento de primera linea), recaida (si
se alcanzé una RC/RCnc) o muerte por cualquier causa. Por lo tanto, los pacientes recaidos
precoces (POD24) se definieron como aquellos que experimentaron una recaida/progresion en
los 24 meses siguientes al inicio del tratamiento de primera linea, de manera similar a trabajos
previos sobre el tema®. Este analisis solo incluyé pacientes que recibieron tratamiento,

consiguieron al menos una RP y tuvieron un seguimiento superior a dos afios.

Para el andlisis de la SG se consideraron todos los pacientes, y este parametro se calculd desde la
fecha del diagnostico a la de Ultimo seguimiento o muerte por cualquier causa. Para los analisis
multivariados de SLP, SG o riesgo de TH se construyeron modelos de regresién de riesgos

proporcionales (Cox).

La TH se definid en base a criterios histoldgicos o citoldgicos. Se definieron las SN como todos

los tumores malignos (incluido el cancer de piel no melanoma) que aparecieron una vez
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establecido el diagndstico de LF. Se registrd el tiempo desde el diagndstico de LF hasta el de la

SN. En caso de desarrollo de mas de una SN en el mismo paciente, para el analisis solo se tuvo

en cuenta la primera.

Tabla 3. Caracteristicas clinicas iniciales y evolutivas de los pacientes incluidos en los cinco estudios que

componen la tesis.

Primer Segundo Tercer Cuarto Quinto
trabajo trabajo trabajo trabajo trabajo
eCZZZ?:: er Edad.J./ linl;gjzi?o / Componente Genémica

décadas comorbilidad monocito monoclonal
Nimero de pacientes 727 414 384 311 55
Edad, mediana (rango) 57 (23-93) 60 (26-91) 61 (26-91) 60 (26-88) 57 (26-79)
Sexo femenino (%) 389 (53) 230 (56) 212 (55) 169 (54) 30 (55)
Grado histolégico 10 2 (%) 419 (84) 331 (82) 309 (82) 231 (74) 43 (78)
ECOG 22 (%) 64 (9) 27 (7) 25(7) 19 (6) 4(7)
Estadio de Ann-Arbor llI-1V (%) 546 (76) 310 (75) 288 (75) 236 (76) 41 (75)
LDH elevada (%) 126 (19) 77 (20) 71 (19) 53 (17) 13 (25)
B2-microglobulina elevada (%) 241 (43) 163 (43) 178 (49) 145 (47) 24 (47)
indice FLIPI de alto riesgo (%) 163 (25) 100 (25) 96 (25) 73 (24) 13 (25)
Tratamiento con R-CHOP (%) 217 (30) 204 (56) 185 (55) 129 (47) 45 (82)
RC/RCnc (%) 437 (64) 268 (73) 247 (73) 197 (71) 40 (83)
Mediana de seguimiento (afios) 7.6 5.1 5.1 4.6 12.9
SLP a 10 afios, % (IC a 95%) 34 (30-38) 50 (44-57) 51 (44-58) 49 (40-57) 40 (28-56)
Recaida precoz (POD24), % 204 (30) 71 (20) 60 (19) 51(19) 11 (20)
SG a 10 aiios, % (IC a 95%) 65 (66-73) 71 (65-77) 71 (65-77) 72 (65-80) 79 (69-91)
Riesgo de TH a 10 afios, % (IC a 95%) 10 (7-11) 8 (5-11) 7 (4-10) 8 (4-13) -
Riesgos de SN a 10 afios, % (IC a 95%) 10 (8-13) 13 (9-17) 16 (11-22) 16 (11-23) -

ECOG, Eastern Cooperative Oncology Group; LDH, lactato deshidrogenasa;, FLIPI, Follicular Lymphoma
International Prognostic Index; R-CHOP, rituximab, ciclofosfamida, doxorrubicina, vincristina y prednisona; RC,
respuesta completa; RC, respuesta completa no confirmada; SLP, supervivencia libre de progresion; IC, intervalo de
confianza, POD24, progresion de la enfermedad en los 24 meses siguientes al inicio del tratamiento de primera
linea; SG, supervivencia global; TH, transformacion histolégica, SN, segundas neoplasias.
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1.2. Métodos estadisticos

Se trazaron curvas de supervivencia de Kaplan-Meier de acuerdo al pardmetro de interés y se
compararon mediante la prueba de log-rank. Para el estudio de la supervivencia relativa, se
compard la SG observada en nuestra cohorte con la de la poblacidn general, ajustada por edad y
sexo, de individuos espafioles de la Human Mortality Database, que tiene en cuenta todas las
causas de muerte y proporciona una estimacion de la supervivencia especifica por causa mediante
el paquete relsurv del programa R. Posteriormente, se calculo la razén de supervivencia relativa
(RSR), mediante la divisién de la supervivencia observada en nuestra cohorte por la supervivencia
esperada de la poblacion general. Del RSR se derivd el pardmetro denominado “exceso de
mortalidad” o “reduccion de la supervivencia”, expresado en porcentaje, calculado segun la
férmula [1—(supervivencia de la cohorte/supervivencia de la poblacién general)] x 100. Este

parametro pretendia reflejar la reduccion de la esperanza de vida respecto a la poblacién general.

En cuanto a las causas de muerte, en la linea de estudios previos™, se consideraron las siguientes
cuatro categorias: progresion del LF, toxicidad del tratamiento, neoplasias distintas del LF y otras
causas/causa desconocida. Las dos primeras causas se agruparon posteriormente en “muerte
relacionada con el linfoma” y, las dos Ultimas, en “muerte no relacionada con el linfoma”. Para
estimar el riesgo de TH y SN, situaciones en las cuales son posibles eventos competitivos (es decir,
muerte sin TH o muerte sin SN), se calculé la incidencia acumulada (paquete cmprsk del programa
R) y se compar6 de acuerdo al parametro de interés mediante el test de Gray'®. Se emplearon
también riesgos competitivos para examinar las causas de muerte mediante la incidencia

acumulada de muerte especifica por causas.

Las variables categodricas se compararon mediante la prueba de x2 o la prueba exacta de Fisher.
Se emplearon pruebas no paramétricas cuando correspondia. Se consideraron estadisticamente

significativos los valores con una P<0.05.
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2. Trabajos que componen la tesis

2.1. Primer trabajo

Patterns of change in treatment, response, and outcome in
patients with follicular lymphoma over the last four
decades: a single-center experience

Pablo Mozas, Ferran Nadeu, Alfredo Rivas-Delgado, Andrea Rivero, Marta Garrote,
Olga Balagué, Blanca Gonzalez-Farré, Luis Veloza, Tycho Baumann, Eva Ging, Julio
Delgado, Neus Villamor, Elias Campo, Laura Magnano, Armando Lopez-Guillermo

Blood Cancer Journal. 2020 Mar 5;10(3):31

2020 Impact Factor: 11.037
Quartile 1 (Hematology)
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Patrones de cambio en el tratamiento, respuesta y resultados de los
pacientes con linfoma folicular a lo largo de las ultimas cuatro
décadas: experiencia de un solo centro

Resumen

Aunque la introduccion de la inmunoterapia ha mejorado la supervivencia de los pacientes con
linfoma folicular (LF), la transformacion histoldgica (TH) y la recaida precoz aun confieren un mal
prondstico. Nuestro objetivo fue describir los cambios en el tratamiento, respuesta y
supervivencia de los pacientes con LF en nuestro centro a lo largo de las Ultimas cuatro décadas.
La poblacion del estudio estaba constituida por 727 pacientes (389 M/338 H, edad mediana: 57
afhos), diagnosticados de manera consecutiva de LF grado 1-3A entre 1980y 2017 y categorizados
en cuatro décadas segun el momento del diagnéstico. Se evaluaron las caracteristicas iniciales,
tratamiento, respuesta, supervivencia absoluta y relativa, TH, incidencia de segundas neoplasias
(SN) y causas de muerte. La mediana de SG para el conjunto de pacientes fue de 17.6 afios. Se
evidencié un aumento en la tasa de respuestas completas de la década 1 a la 4 (48 al 70%), asi
como una mejoria de la SLP a 5 afios (40 a 56%), de la SG a 5 afios (77 a 86%) y de la razén de
supervivencia relativa a 5 aflos (0.83 a 0.94). No se observaron diferencias significativas en el riesgo
de TH ni de SN. El LF fue la causa de muerte mas frecuente en las cuatro décadas. Estos hallazgos
ilustran la mejoria general de la supervivencia de los pacientes con LF, pero subrayan la necesidad

de continuar investigando en el campo de la estratificacién del riesgo y del tratamiento.
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Patterns of change in treatment, response, and
outcome in patients with follicular lymphoma over

the last four decades: a single-center experience

Pablo Mozas®', Ferran Nadeu@®*, Alfredo Rivas-Delgado’, Andrea Rivero', Marta Garrote', Olga Balagué®”,
Blanca Gonzélez-Farré**, Luis Veloza®, Tycho Baumann', Eva Giné'??, Julio Delgado'*?, Neus Villamor**,
Ellas Campo@™**°, Laura Magnano™** and Armando Lépez-Guillermo'**?

Abstract

Although the introduction of immunotherapy has improved outcomes for follicular lymphoma (FL) patients,
histological transformation (HT) and early relapse still confer a poor prognosis. We sought to describe the patterns of
change in treatment, response, and outcome of FL patients at our institution over the last four decades. Seven
hundred and twenty-seven patients (389 F/338 M; median age, 57 years) consecutively diagnosed with grade 1-3a FL
between 1980 and 2017, categorized into four decades according to the time of diagnosis, constituted the study
population. Clinical characteristics, treatment, response, absolute and relative survival, HT, second malignancies (SM),
and causes of death were assessed. Median OS for the entire cohort was 17.6 years. From decade 1 to 4, there was an
increase in the complete response rate (48 to 70%), progression-free survival (40 to 56% at 5 years), OS (77 to 86% at
5 years), and relative survival ratio (0.83 to 0.94 at 5 years), with no significant differences in the risk of HT or SM.

management.

Lymphoma remained the most common cause of death in all four decades. These findings illustrate the overall
improvement in outcome for FL patients, but support the need for further research into risk stratification and

Introduction

Follicular lymphoma (FL), the most common type of
indolent B-cell lymphoma', is characterized by a long
survival, despite a pattern of continuous relapses during
follow-up®, and shorter duration of responses in each
relapse®. Although data initially indicated that survival of
FL patients had remained unchanged during the last three
decades of the 20th century”, more recent analyses have
acknowledged that improvements in therapy, most likely
related to the use of rituximab, as well as supportive
measures, may have contributed to a better progression-
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free (PFS) and overall survival (OS) in recent years5 -5,

Despite a median OS now approaching 20 years, early
progression (progression of disease within 24 months, or
POD24), defined as a relapse within the first 2 years of
frontline treatment, confers a much poorer prognosis'®.
Likewise, histologic transformation (HT) to a high-grade
lymphoma significantly reduces survival'”'®, although
recent studies have suggested that its incidence might be
lower in the rituximab era'’. Some single-center and
registry studies have described the changes in survival of
FL patients over the last decades and trends in relative
survival according to the general population”’. However,
to our knowledge, no single-center series has concurrently
examined the trends in observed and relative survival, the
risk of HT and second malignancies (SM), and the causes
of death over a long period of time.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction
in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if

changes were made. The images or other third party material in this article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this license, visit http://creativecornmons.org/licenses/by/4.0/.
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In this retrospective analysis of a single-center cohort,
we sought to describe the patterns of change in baseline
characteristics, treatment, response, PFS, absolute and
relative OS, risk of HT and SM, and causes of death of FL
patients over the last four decades at our institution.

Methods
Patients

Seven hundred and twenty-seven patients (389
females, 338 males; median age, 57 years) consecutively
diagnosed with grade 1-3a FL at Hospital Clinic of
Barcelona between January 1980 and December 2017
were included in the present study. All the available
diagnostic specimens (most of them dating from 1990
onwards) underwent pathological review. Patients with
grade 3b FL, primary gastrointestinal or cutaneous FL,
or composite lymphoma were excluded. Baseline patient
and disease characteristics, type of frontline treatment,
PFES and OS, and risk of HT and SM were assessed
retrospectively. Considering the time necessary for a
complete diagnosis and staging, frontline treatment was
defined as “immediate” if it was started within the first
2 months after diagnosis, or as a “watchful waiting”
policy if it was deferred for a longer period of time.
Treatment choices in each of the decades were in
accordance with the policies of our Department. During
decades 1 and 2, a “watchful waiting” strategy was
undertaken only in patients 65 years old or older, while
in decades 3 and 4, the initiation of treatment responded
to the GELF criteria®°.

Since our study cohort spans a 38-year period, we
categorized patients into four groups according to the
decade of diagnosis: decade 1, 1980-1989; decade 2,
1990-1999; decade 3, 2000-2009; and decade 4,
2010-2017. We decided to include the last period in the
analyses, although, due to short follow-up, data con-
cerning survival and the risk of HT and SM should be
interpreted with caution. The study was conducted
according to the Hospital Clinic Institutional Review
Board and in accordance with the Declaration of Helsinki.

Response assessment and outcome

In most cases diagnosed during decades 1 and 2,
response to treatment was evaluated using only com-
puted tomography (CT). With the advent of positron
emission tomography (PET), PET-CT was increasingly
used as a staging and response assessment tool during
decades 3 and 4. Therefore, we use the term complete
response unconfirmed (CRu) when there was a residual
mass on the CT scan without fluorodeoxyglucose uptake
on the PET study. For response assessment purposes,
CR and CRu were considered equivalent. Definitions of
complete response (CR), partial response (PR), and
treatment failure were the standard™'.
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HT was defined based on histologic or cytological criteria.
It is challenging to affirm that second malignancies (SM)
are causally related to FL or its treatment (especially for
younger patients followed for a long period of time). We
define SM as all types of malignant tumors appearing after
the diagnosis of FL (including non-melanoma skin cancer).
Time from the diagnosis of FL to that of the second neo-
plasm was registered. In the event of the development of
more than one additional neoplasm in the same patient,
only the first one was considered for the analysis.

Since the definition of disease-related or unrelated
death might be a matter of discussion, we considered the
following causes of death: progressive FL, treatment-
related toxicities, neoplasms different from FL, and other/
unknown causes.

Statistical analysis

PFS was calculated from the date of the first dose of
frontline treatment to the date of progression (if a PR was
achieved after frontline treatment) or relapse (if a CR/CRu
was achieved after frontline treatment). Hence, early pro-
gressors (POD24) were defined as patients experiencing
progressive disease in the first 24 months after the initiation
of frontline treatment. This analysis only included patients
who received treatment and had a follow-up of more than
2 years. All patients were included for OS analysis, which was
calculated from the date of diagnosis to the date of last
follow-up or death from any cause. Kaplan-Meier survival
curves were plotted for the four decades and compared for
statistical differences by use of the log-rank test. To compare
the OS observed in our cohort with that of the general
population, patients were matched by age and sex with
Spanish individuals from the Human Mortality Database,
which accounts for other causes of death and provides an
estimate of the cause-specific survival through relative sur-
vival analysis (relsurv R package). The relative survival ratio
(RSR), calculated by dividing the observed survival of our
cohort by the expected survival of the general population,
was intended to reflect the reduction in life expectancy due
to lymphoma. To estimate the risk of HT and of SM, where
competitive events are possible, cumulative incidence was
calculated (cmprsk R package) and compared by use of
Gray’s test?. Likewise, when causes of death were evaluated
through cause-specific cumulative incidence of mortality,
competing risk of death was used. The x> test or p-exact test
were used for comparison of categorical variables among the
four decades. Nonparametric tests were used when neces-
sary. P values <0.05 were considered to indicate statistical
significance.

Results
Patient characteristics

Baseline characteristics of the 727 patients are shown in
Table 1. Patients were distributed according to the year of
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Table 1 Baseline features and response to frontline treatment of the 727 patients of the series.
Characteristics Entire cohort Decade 1 Decade 2 Decade 3 Decade 4 P value

(n=1727) (1980-1989) (1990-1999) (2000-2009) (2010-2017)

(n=179) (n=163) (n =254) (n=231)

Age, median (range) 57 (23-93) 54 (24-85) 54 (24-88) 57 (23-93) 61 (26-91) <0.001
Female sex (%) 389 (53) 33 (42) 92 (56) 138 (54) 126 (54) NS
Histologic grade 1 419 (84) NA 59 (89) 184 (83) 172 (83) NS
or 2 (%)
ECOG =2 (%) 64 (9) 16 (21) 18 (11) 15 (6) 15 (7) <0.001
Ann Arbor stage IV (%) 433 (60) 45 (57) 97 (62) 149 (59) 142 (62) NS
Elevated LDH (%) 126 (19) 17 (25) 30 (22) 42 (19) 37.(17) NS
Elevated (2- 241 (43) 4 (57) 45 (36) 80 (37) 112 (52) 0.005
microglobulin (%)
High-risk FLIPI (%) 163 (25) 20 (30) 38 (27) 39 (17) 66 (29) 0.009
CR/CRu (%) 437 (64) 37 (48) 85 (53) 177 (73) 138 (70) <0.001
PR (%) 186 (28) 33 (42) 57 (36) 45 (19 51 (26)
Refractory disease (%) 54 (8) 8 (10) 18 (11) 19 (8) 9 (4)

Response data are calculated only on the 677 patients of the series who received any treatment. Data concerning $2-microglobulin levels should be interpreted with

caution for decade 1, since only seven patients had available data.

ECOG Eastern Cooperative Oncology Group, LDH lactate dehydrogenase, FLIPI Follicular Lymphoma International Prognostic Index, NA not available, NS not statistically

significant, CRu complete response unconfirmed, PR partial response.

diagnosis: decade 1 (1980-1989), n =79 (11%); decade 2
(1990-1999), n=163 (22%); decade 3 (2000-2009),
1 = 254 (35%); and decade 4 (2010-2017), n =231 (32%).
Median follow-up for the entire series (calculated only for
surviving patients) was 7.6 years, and 31.8, 20.7, 12, and
3.2 years for decades 1-4, respectively. Most features did
not follow a significant trend over decades, except for the
more advanced age at diagnosis and better performance
status in decade 4 (P < 0.001).

Treatment and response to therapy

Initial treatment strategies given to patients in the entire
cohort and according to the decade of diagnosis are
depicted in Supplementary Table 1. Second- and third-
line treatments are detailed in Supplementary Tables 2
and 3. The proportion of patients who underwent an
initial “watchful waiting” strategy was 3%, 3%, 13%, and
30% for decades 1 to 4, respectively (P<0.001), with a
median time of observation of 1.8 vyears (range,
3 months-9.3 years). Rituximab was part of the initial
treatment in none of the patients in decades 1 and 2, and
in 66 and 85% of patients in decades 3 and 4, respectively
(P<0.001). Of the patients treated with chemoimmu-
notherapy during decades 3 and 4, 15 and 60% received
rituximab maintenance therapy, respectively. Cyclopho-
sphamide, doxorubicin, vincristine, and prednisone
(CHOP) were the most frequent frontline chemotherapy
regimen used in decades 1 and 2 (64 and 75% of patients,
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respectively), while this regimen was only used in com-
bination with immunotherapy in decade 4. The advent of
the anti-CD20 antibody rituximab made its combination
with CHOP (R-CHOP) the preferred regimen in decades
3 and 4 (39 and 47%, respectively). Response to treatment
is detailed in Table 1. For the entire cohort, the percen-
tage of patients achieving a CR/CRu and a PR after
frontline treatment was 64 and 28%, respectively, while
8% of patients had refractory disease. A steady increase in
the rate of CR/CRu was seen, being of 48%, 53%, 73%, and
70% for decades 14, respectively, with the corresponding
decrease in the rate of PR and refractory cases. Interest-
ingly, cases not responding to frontline therapy decreased
from 10% in decade 1-4% in decade 4 (P < 0.001).

Risk of relapse/progression,

Data concerning PFS, POD24, OS, risk of HT, and risk
of SM are depicted in Table 2. Three hundred and sixty-
four patients (54%) were refractory or experienced
relapse/progression during follow-up, with a median PFS
for the entire cohort of 4.3 years, and a 10-year PES of
34%. A significant increase in PFS was observed over the
decades, with a median PFS of 2.3, 2.1, 7.5 years, and
unreached for decades 1 to 4, respectively (P < 0.001, Fig. 1a).
In addition, the proportion of patients progressing within
the first 2 years after the initiation of frontline therapy
(early progressors or POD24) significantly decreased over
the decades (44%, 46%, 25%, and 19% for decades 1-4,

50



Mozas et al. Blood Cancer Journal (2020)10:31 Page 4 of 9
Table 2 PFS, POD24, OS, risk of HT, and risk of SM of the 727 patients with follicular lymphoma.
Entire cohort  Decade 1 Decade 2 Decade 3 Decade 4 P value
(n=727) (1980-1989) (1990-1999) (2000-2009) (2010-2017)
(n=179) (n=163) (n =254) (n=231)
PFS
Median PFS, years 4.3 23 2.1 7.5 NR <0.001
5-year PFS, % 46 40 26 55 56
10-year PFS, % 34 29 14 43 NR
Early progression 204 (30) 34 (44) 73 (46) 60 (25) 37 (19) <0.001
(POD24) (%)
0s
Median OS, years 176 123 11.8 NR NR <0.001
5-year OS, % 81 77 74 83 86
10-year OS, % 65 52 56 72 -
Histological transformation
5-year risk, % 7 7 9 5 8 NS
10-year risk, % 10 8 15 7 -
Second malignancy
5-year risk, % 5 1 5 7 4 NS
10-year risk, % 10 5 9 12 -

Due to short follow-up for Decade 4, data concerning survival and risk of histological transformation and second malignancies should be interpreted with caution.
PFS progression-free survival, POD24 progression of disease within the first 24 months of frontline treatment initiation, OS overall survival, NR not reached, NS not

statistically significant.
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Fig. 1 a progression-free survival of the 677 FL patients who received any treatment, according to the decade of diagnosis. b overall survival of the
727 FL patients of the series, according to the decade of diagnosis. D decade, FL follicular lymphoma.
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respectively, P < 0.001). When evaluating survival from an
event-defining timepoint (the time of progression for
POD24 patients, or 2 years of follow-up for non-POD24
patients), no significant differences were noted among
decades, although early progression retained its negative
impact on survival for patients diagnosed in all four
decades (P < 0.0001; Supplementary Fig. 1).

Histological transformation and second malignancies

Risk of HT and SM are plotted in Fig. 2 and Supple-
mentary Fig. 2. HT to diffuse large B-cell lymphoma
(DLBCL) was seen in 13 (17%), 30 (18%), 23 (9%), and 15
(7%) patients diagnosed during decades 1-4, respectively.
For the entire series, the median time to HT was 4.1 years
(range, 3 months—25.8 years). The 5- and 10-year risks of
HT for the entire cohort were 7 and 10%, respectively,
with no significant differences across decades. Likewise,
we did not find significant differences in the rate of HT
according to the frontline exposure of rituximab, with or
without maintenance.

The diagnosis of a second malignancy after the diagnosis
of FL was made in 16 (20%), 37 (23%), 39 (15%), and 10
(4%) patients for those diagnosed during decades 1-4,
respectively. The median time to the development of a SM
was 7.7 years (range, 1 month—-33 years), with a 10-year
risk of SM of 10% for all patients, and 5%, 9%, and 12% for
decades 1-3, respectively, with no significant differences
across decades. Hematological malignancies constituted
the most frequent type of SM, which accounted for 20% of
cases, including five cases of acute myeloid leukemia.
Other frequent sites for the development of SM were the
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genitourinary tract (17%), the lung and ear, nose, and
throat area (15%), and the skin (non-melanoma skin can-
cer, NMSC, 11%). When the cumulative incidence of SM
was evaluated according to the site (hematological malig-
nancies, solid tumors excluding NMSC, and NMSC alone),
no significant differences were observed across decades.
Likewise, we did not find significant differences in the risk
of SM according to the treatment with fludarabine or stem
cell transplantation (autologous or allogeneic).

Overall and relative survival

Two hundred and sixty-eight patients (37%) eventually
died during the time of follow-up. Median OS for the
entire cohort was 17.6 years, and the 10-year OS rate was
65%. As seen for PFS, there was a significant increase in
OS, the median OS being 12.3 and 11.8 years for decades
1 and 2, respectively, and unreached for decades 3 and 4
(P <0.001, Fig. 1b). The 10-year OS rate for decades 1 to 4
was 52%, 56%, 72%, and not calculable, respectively.

The outcome of patients along the decades was studied
in terms of relative survival (RS) with respect to the
general Spanish population (Fig. 3, Supplementary Table
4, and Supplementary Fig. 3). As mentioned above, PFS
and OS greatly improved across the decades. This
improvement was substantially more evident for FL
patients than the gains in life expectancy for the sex- and
age-matched general population. Importantly, however,
the diagnosis of FL remained a burden for OS, which was
significantly inferior to the expected survival of the gen-
eral population. The 5-year relative survival ratios (RSR)
for decades 1 to 4 were 0.83, 0.79, 0.89, and 0.94
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Table 3 Causes of death in the 204 patients who died within the first 10 years after diagnosis.

Entire cohort  Decade 1 (1980-1989)

Decade 2 (1990-1999)

Decade 3 (2000-2009) Decade 4 (2010-2017)

(n=204) (n=36) (n=171) (n=66) (n=31)
Progression of FL (%) 111 (54) 22 (61) 47 (66) 28 (42) 14 (45)
Complications of 18 (9) 1(3) 5(7) 9 (14) 3 (10)
therapy (%)
Other neoplasms (%) 31 (15) 3(8) 9 (13) 16 (24) 3 (10)
Others/unknown (%) 44 (22) 10 (28) 10 (14) 13 (20) 11 (35)

The Others/unknown group is composed of 23 patients (11%) dying of other causes (mainly geriatric complications and cardiovascular disease), and 21 patients (10%)

for whom information concerning the exact cause of death was not available.
FL follicular lymphoma.

respectively. The 10-year RSR were 0.62, 0.64, 0.83, and
not calculable, for decades 1-4, respectively. When
assessing the evolution of RS according to age (less than
50 years, 50—69 years, and 70 years or more) and sex, the
trend of improvement was seen across decades for both
sexes and all three age groups.

Causes of death

The exact cause of death was known for 233 (95.2%) of
the 268 deceased patients. For patients dying within the
10 years of the diagnosis of FL, 61% of those diagnosed in
decade 1 died due to progression of FL, while this per-
centage progressively decreased during the last two dec-
ades (42 and 45% for decades 3 and 4, respectively, P =
0.020, Table 3). Consequently, the percentage of patients
dying from other/unknown causes increased (28 and 35%
for decades 1 and 4, respectively).
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Using cumulative incidence of mortality with competing
risk of death, 5-year mortality due to progressive FL was
estimated at 14 and 20% for decades 1 and 2, respectively,
in contrast with 7 and 7% for decades 3 and 4, respectively
(P <0.0001). Cumulative incidence of death from com-
plications of therapy or that due to other neoplasms was
not significantly different across decades (Fig. 4 and
Supplementary Table 5).

Discussion

In the analysis of our cohort of 727 FL patients, span-
ning almost four decades, we sought to describe variations
in care and outcome. Patients diagnosed during decade 4
were older but had a better performance status. These
trends presumably reflect changes in the reference
population of our institution, and the performance of a
greater number of diagnostic tests in otherwise
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Fig. 4 Cause-specific cumulative incidence of mortality, using competing risk of death. a death due to progressive FL; b death due to
complications of therapy; ¢ death due to other neoplasms; d death due to other/unknown causes.

asymptomatic elderly individuals, which might recognize
FL at an older age. No patient received immunotherapy
during decades 1 and 2, being CHOP-like regimens the
most common therapeutic options. With the advent of
rituximab, R-CHOP was the most used first line treatment
(around 40% of patients in decades 3 and 4).

The fraction of patients achieving a CR after frontline
treatment markedly increased over time, likely on account
of the adoption of immunotherapy. However, taking into
account that PET-CT can help consider as a CR a study
where there is a residual mass without metabolic activity,
the advent of this technique cannot be discarded as a
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contributing factor to an improvement in observed
responses. This deepening of responses translated into a
better PFS (40-56% at 5 years, for decades 1 and 4,
respectively) and OS (77-86% at 5 years, for decades 1
and 4, respectively), as previously shown by multicenter
studies in the rituximab era®.

Evidences of improvement in PFS and OS in patients
with FL over the last decades have been published in
recent years. Some single-center and registry studies have
shown an improved survival of FL patients with respect to
a sex- and age-matched population”’. Our series shows
the same trend, with a 5-year RSR increasing from 0.83 in

54



Mozas et al. Blood Cancer Journal (2020)10:31

decade 1 to 0.94 in decade 4 and a 10-year RSR increasing
from 0.62 in decade 1 to 0.83 in decade 3. To evaluate the
causes of death in the present series, we first considered
only patients dying within the first decade after diagnosis,
with the intention of equalizing follow-up among decades.
Although the proportion of patients dying due to pro-
gressive FL has decreased across decades (61-45% from
decades 1-4), most patients still die from lymphoma-
related causes (55% in decade 4, considering progressive
disease and therapy-related complications), in line with
recent results arising from large cohorts®*. This fact
underscores the need for new therapies with improved
toxicity profiles and a lower potential to induce SM.
When evaluating causes of death of the entire series using
a cumulative mortality risk analysis with competing cau-
ses of death, we were able to identify a marked reduction
in the cumulative incidence of death due to progressive
disease.

In contrast with recent reports describing a reduced risk
of HT in the rituximab era’’, we were not able to identify
significant differences in its incidence among decades,
presumably to the relatively small number of this type of
event in each of the decades. However, HT rates in the
last two decades of the study are superimposable to that
reported in the Aristotle study’.

The appearance of a SM represents one of the concerns
of the use of cytotoxic agents, which has led to a growing
interest in the development of chemotherapy-free regi-
mens. In the rituximab era, its cumulative incidence has
been estimated to be of 2.9% at 10 years for SM arising at
any site®”, and of 2.7% at 10 years for second hematolo-
gical malignancies specifically®”. In our series, the 10-year
incidence of SM of any site was 10%, with no significant
differences among decades, and hematological malig-
nancies were the most common subtype. Although
follow-up is short, the incidence of SM observed in dec-
ade 4 strongly compares with that reported by Sarkozy
and colleagues™”.

We have to acknowledge some limitations of our study.
First, due to short follow-up of patients in decade 4, data
concerning survival and the risk of HT and SM should be
interpreted with caution. Second, baseline characteristics
were not totally uniform among decades. However, the
fact that patients in decade 4 were older might further
underscore the improvement in outcomes of FL patients,
since older individuals would be expected to fare more
poorly. Third, due to historical reasons, the number of
patients in decade 1 was lower, as was the availability of a
diagnostic specimen for histological review, and data
regarding the cause of death, which might explain the
higher percentage of patients dying from other/unknown
causes in this period of time. Fourth, the low number of
patients developing a HT in each decade might hamper
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the ability to observe a decreased HT rate in the rituximab
era. Finally, considering the nature of this disease, an
analysis of second and subsequent lines of therapy might
help to better characterize progression/relapse patterns
and outcomes. Among the strengths of the current study,
however, are the large number of patients from a single
institution, diagnosed and treated with comparable stan-
dards within each decade, the high availability of clinical
characteristics and follow-up data, and the use of robust
statistical methods to analyze relative survival and com-
peting risks (HT, SM, and causes of death).

In conclusion, in our series, we observed that FL patients
have experienced an increase in the CR rate after frontline
treatment, with a positive impact on PFS, OS, RS, and
cumulative incidence of death due to progressive FL.
Conversely, the risk of HT and SM, as well as the percen-
tage of lymphoma-related deaths have remained essentially
unchanged, highlighting the need for further advances in
prognostic and therapeutic tools for this disease.
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SUPPLEMENTARY MATERIAL

Supplementary Table 1. Initial treatment strategies.

Decade | Decade | Decade
Entire 1 2 3 Decade 4
Treatment cohort (1980- (1990- (2000- | (2010-2017)
(N=727) 1989) 1999) 2009) (N=231)
(N=79) | (N=163) | (N=254)
Watchful waiting (%) 110 (15) 2 (3) 5(3) 34 (13) 69 (30)
R-CHOP (%) 174 (24) 0 0 92 (36) 82 (35)
R-CVP (%) 43 (6) 0 0 25 (10) 18 (8)
Other R-containing
_ 45 (6) 0 0 25 (10) 20 (9)
regimens (%)
Single-agent rituximab
48 (7) 0 0 8 (3) 40 (17)
(%)
CHOP-like (%) 199 (27) 50 (63) | 122 (75) | 27 (11)
Fludarabine-based (%) 34 (5) 0 3(2) 31(12) 0
Other
74 (10) 27 (34) 33 (20) 12 (5) 2(1)

treatments/unknown (%)

Most used treatment modality in each decade is highlighted in bold.

CVP, cyclophosphamide, vincristine, and prednisone; CHOP, cyclophosphamide,

doxorubicin, vincristine, and prednisone; R, rituximab.
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Supplementary Table 2. Second-line treatment strategies

Second-line treatment 1980-1989 | 1990-1999 | 2000-2009 | 2010-2017 | Total
No treatment n 2 2 6 5 15
% 4% 2% 6% 10%| 4%
R-CHOP/R-CVP n 1 4 15 5 25
% 2% 3% 14% 10%| 7%
Single-agent rituximab n 3 8 25 2 38
% 5% 6% 23% 4% | 11%
Benda/Fluda-based (+/- R) n 1 34 19 15 69
% 2% 26% 17% 29% | 20%
Other chemo regimens n 25 40 17 16 98
% 45% 31% 16% 31% | 28%
Chlorambucil and other agents | n 23 15 1 0 39
% 41% 12% 1% 0% | 11%
ASCT n 1 23 22 7 53
% 2% 18% 20% 14% | 15%
Allo-SCT n 0 3 4 1 8
% 0% 2% 4% 2% | 2%

CVP, cyclophosphamide, vincristine, and prednisone; CHOP, cyclophosphamide,
doxorubicin, vincristine, and prednisone; R, rituximab; Benda, bendamustine; Fluda,
fludarabine; chemo, chemotherapy; ASCT, autologous stem cell transplantation;

Allo-SCT, allogeneic stem cell transplantation.



Supplementary Table 3. Third-line treatment strategies

Third-line treatment 1980-1989 | 1990-1999 | 2000-2009 | 2010-2017 | Total
No treatment n 0 1 4 0 5
% 0% 1% 6% 0% | 3%
R-CHOP/R-CVP n 1 7 6 0 14
% 3% 9% 10% 0%| 7%
Single-agent rituximab n 2 6 8 1 17
% 6% 7% 13% 7% | 9%
Benda/Fluda-based (+/- R) n 1 15 9 2 27
% 3% 18% 15% 13% | 14%
Other chemo regimens n 18 30 16 12 76
% 53% 37% 26% 80% | 39%
Chlorambucil and other agents | n 8 1 0 0 9
% 24% 1% 0% 0% | 5%
ASCT n 4 18 11 0| 33
% 12% 22% 18% 0% | 17%
Allo-SCT n 0 4 8 0 12
% 0% 5% 13% 0%| 6%

CVP, cyclophosphamide, vincristine, and prednisone; CHOP, cyclophosphamide,
doxorubicin, vincristine, and prednisone; R, rituximab; Benda, bendamustine; Fluda,
fludarabine; chemo, chemotherapy; ASCT, autologous stem cell transplantation;

Allo-SCT, allogeneic stem cell transplantation.



Supplementary Table 4. 5- and 10-year survival (observed, expected, and relative
survival ratio, RSR) for all patients, and according to the decade of diagnosis, sex,
and age at diagnosis. RSR are color-coded within each row, red and green

representing poorer and better RSR values, respectively.

5-y OS
All 1980- | 1990- | 2000- | 2010-
decades | 1989 1999 2009 2017
Series 80.7 77.0 741 83.3 86.0
All patients | Pop 93.0 92.7 93.3 94 .1 91.6
RSR | 087 0.83
Series| 77.0 69.4 71.8 81.1 81.9
Male | Pop 92.5 93.3 93.4 93.8 90.3
Sex RSR | 0.83 |04 0.77 0.86
Series 84.0 87.8 75.9 85.1 89.4
Female | Pop 93.4 91.8 93.3 94.3 92.8
RSR [ 0.90 0.96
Series 91.0 83.9 93.1 87.6 94.1
<50y | Pop 99.1 98.8 99.0 99.0 99.3
RSR | 0.92 [085 0.94 0.88
Series| 827 74.5 69.4 90.6 90.0
Age |50-69y | Pop 95.6 94.5 93.6 96.3 96.7
RSR 0.87 0.79
Series| 61.3 66.7 36.8 61.9 70.9
70+y | Pop 79.9 71.4 74.8 82.4 80.7
RSR| 077 [109838 |[7049 075 0.88
10-y OS
All 1980- | 1990- | 2000- | 2010-
decades | 1989 1999 2009 2017
Series 64.5 52.3 55.9 721
All patients | Pop 84.8 84.3 87.3 86.6 81.2
RSR 0.76 | 064 |
Series 63.0 454 59.1 70.3
Male | Pop 84.2 85.6 87.4 86.3 79.0
Sex RSR 0.75 | 068 |
Series 65.8 61.8 53.4 73.7
Female | Pop 85.3 82.4 87.2 86.8 82.9
RSR 0.77 0.75
Series 80.2 72.9 72.3 86.1
<50y | Pop 97.7 97.0 97.6 97.8 98.3
RSR | 0.82 0.75 —:
Series| 67.2 47.7 52.7 79.7
Age |50-69y | Pop 90.2 86.8 88.0 91.2 92.0
RSR 0.75 | 060 |
Series 31.5 16.7 19.7 37.4
70+y | Pop 57.1 43.6 52.6 61.1 57.4
RSR 0.55 0.38

y, year; OS, overall survival, Pop, population; RSR, relative survival risk. OS from

the Series and the Population are expressed in %.



Supplementary Table 5. Cause-specific cumulative incidence of mortality, using

competing risk of death, for all deceased patients.

Decade | Decade | Decade
Entire 1 2 3 Decade
cohort | (1980- | (1990- | (2000- 42010~ o alue
(N=204) | 1989) 1999) 2009) (i():z]))
(N=36) | (N=71) | (N=66)
Death due to progressive FL
5-year risk, % 11 14 20 7 7 <0.0001
10-year risk, % 19 29 29 12 -
Death due to complications of therapy
5-year risk, % 2 1 2 NS
10-year risk, % 3 1 3 -
Death due to other neoplasms
5-year risk, % 3 4 2 NS
10-year risk, % 6 4 6 -
FL, follicular lymphoma.
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Supplementary Figure 1. Survival from an event-defining timepoint (the time of progression for POD24 patients, or 2

years of follow-up for non-POD24 patients), according to the decade of diagnosis (A through D), and only for POD24

patients (E).
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Supplementary Figure 2. Risk of histological transformation (A) and of second malignancies (B) with a follow-up

limited to 10 years, according to the decade of diagnosis.
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Supplementary Figure 3. Comparison of observed (solid line) versus expected (dashed line) OS, according to the
decade of diagnosis. A: male patients only; B: female patients only; C: patients younger than 50 years; D: patients
between 50 and 69 years; and E: patients of 70 years or older.
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Material, métodos y resultados

La edad y la comorbilidad son factores determinantes en la
supervivencia global y relativa de los pacientes con linfoma
folicular

Resumen

La fragilidad y la comorbilidad son factores cruciales en el manejo de los pacientes con linfoma
folicular (LF). En nuestro estudio evaluamos el impacto pronodstico de la edad y la comorbilidad
en la supervivencia, causas de muerte, transformacion histoldgica (TH) y segundas neoplasias (SN)
en una serie unicéntrica amplia de pacientes con LF grado 1-3A. Se estudiaron 414 pacientes
diagnosticados en la época del rituximab, categorizados en tres grupos de edad (<60, 61-70, >70
ahos) y dos grupos de comorbilidad (Charlson Comorbidity Index, CCl, 0-1y >2). A pesar de una
incidencia acumulada de recaida similar, los pacientes mas mayores y mas comorbidos tenian una
SG a 10 afos inferior (88, 65 y 41% para pacientes <60, de 61-70 y >70 afios, respectivamente, P
<0.0001; 76 vs 51% para pacientes con CCl 0-1y >2, respectivamente, P <0.0001). En el analisis
multivariado para la SG, la comorbilidad retuvo su impacto pronédstico independiente (HR=2.5,
P=0.0003). La proporcidén de pacientes que fallecieron debido al LF fue mas alta entre pacientes
<60 anos (74%) y aquellos con un CCl 0-1 (67%). Ademas, el exceso de mortalidad (reduccién de
la supervivencia) a 10 afios fue mas marcado en pacientes >70 afios (30%) y aquellos con un CCl
>2 (32%). Los pacientes con un CCl >2 también tuvieron una mayor incidencia de SN. Estos
hallazgos son un estimulo para una evaluacion integral previa al tratamiento y una estrategia

terapéutica adaptada para todos los pacientes con LF.
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and relative survival of patients with follicular lymphoma

Pablo Mozas ' @ - Andrea Rivero' - Alfredo Rivas-Delgado ' - Ferran Nadeu > - Juan Gonzalo Correa’ - Carlos Castillo* -
Alex Bataller' - Tycho Baumann'* . Eva Giné > . Julio Delgado "> . Neus Villamor®>® . Elias Campo>>>° .
Laura Magnano "*? . Armando Lépez-Guillermo "*®

Received: 17 November 2020 /Accepted: 18 February 2021
© The Author(s), under exclusive licence to Springer-Verlag GmbH, DE part of Springer Nature 2021

Abstract

Frailty and concurrent medical conditions are crucial factors in the management of follicular lymphoma (FL). We
evaluated the impact of age and comorbidity on survival, causes of death, histological transformation (HT), and second
malignancies (SM) in a large single-center series of grade 1-3A FL. We studied 414 patients diagnosed in the
rituximab era, categorized into three age groups (<60, 61-70, >70 years) and two comorbidity groups (Charlson
Comorbidity Index, CCI, 0—1 and >2). Despite a similar cumulative incidence of relapse, older and comorbid patients
had a lower 10-year overall survival (OS, 88, 65, and 41% for patients <60 years, 61-70 years, and >70 years,
P<0.0001; and 76 vs. 51% for CCI 0-1 and >2, P<0.0001). In a multivariate analysis for OS, comorbidity retained
its prognostic impact (HR=2.5, P=0.0003). The proportion of patients dying due to FL. was higher among those <60
years (74%) and those with a CCI 0-1 (67%). Furthermore, 10-year excess mortality (survival reduction) was more
prominent for patients >70 years (30%) and those with a CCI >2 (32%). Patients with a CCI >2 also had a higher
incidence of SM. These data encourage a comprehensive pre-treatment evaluation and a tailored therapeutic approach
for all FL patients.

Keywords Follicular lymphoma - Age - Comorbidity - Prognosis - Survival

Introduction

Follicular lymphoma (FL), the most common indolent B-cell
lymphoma [1], has seen great improvements in response to
treatment, progression-free (PFS), and overall survival (OS) in
recent times [2]. Despite its high risk of relapse, survival is
generally prolonged, with a median OS currently approaching
20 years [3].

Large registry studies have established the median age at
diagnosis for this disease at 65 years [4], which makes frailty
and comorbidity challenges in the management of these pa-
tients. In an effort to consider the increased mortality inherent
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and a lower PFS, but not a higher cumulative incidence of
relapse (CIR), concluding that older patients should also be
considered for standard treatments or clinical trials [11].
Moreover, the benefit of treating very old patients with FL
(>80 years) has also been demonstrated, irrespective of their
comorbidity level [12].

The appearance of very prevalent conditions, such as arterial
hypertension, diabetes mellitus, or chronic respiratory diseases
increases with age, and cancer patients are not an exception. In
a retrospective study of 224 FL patients, 7% had a Charlson
Comorbidity Index (CCI) >2, and this parameter was an inde-
pendent predictor of OS [13]. However, histological grade 3 was
not subdivided into 3A or 3B, and relative survival (RS) and the
risks of histological transformation (HT) or second malignancies
(SM) were not assessed. Furthermore, survival was not stratified
by age at diagnosis, a parameter that can show significant inter-
action with comorbidity. Likewise, considering the prolonged
survival of FL patients, the description of causes of death
(COD) is of particular interest. Lymphoma- or treatment-related
death has been shown to be the most common COD in all age
groups, including those >70 years [14].

In our retrospective analysis of a large single-center cohort
of FL patients, we aim to describe the impact of age and
comorbidity on the response to treatment, PFS, OS, COD,
RS, risk of HT, and of SM.

Methods
Patients

Four hundred and fourteen patients (230 females, 184 males;
median age, 60 years; range, 26 to 91) consecutively diag-
nosed with grade 1-3A FL at Hospital Clinic of Barcelona
between February 2002 and February 2018 were included in
the present study. All available diagnostic specimens
underwent pathological review. Patients with grade 3B FL,
primary gastrointestinal or cutaneous FL, or composite lym-
phoma were not included. Baseline patient and disease char-
acteristics, type of frontline treatment, PFS and OS, and risk of
HT and SM were assessed retrospectively. The decision of
initiating therapy (but not the treatment modality) responded
to the Groupe d’Etude des Lymphomes Folliculaires (GELF)
criteria [ 15], irrespective of age or comorbidity. The study was
conducted according to the Hospital Clinic Institutional
Review Board and in accordance with the Declaration of
Helsinki.

Age and comorbidity
In line with previous studies [9, 11], we stratified patients into

three groups, according to their age at diagnosis (<60, 61-70,
and >70 years). To assess comorbidity, data concerning
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patient- and medical history-reported conditions, mental sta-
tus, concomitant medications, and laboratory tests at the time
of diagnosis were retrospectively evaluated, and the CCI was
calculated [16] (Supplementary Table 1), without considering
the points allocated to the lymphoma. We then categorized
patients into those having no/minor comorbidity (CCI 0-1)
or moderate/severe comorbidity (CCI >2). The prevalence of
other relevant conditions not considered by the CCI was also
documented (arterial hypertension and hyperlipidemia).

Response assessment, endpoints, and statistical
analysis

Computed tomography (CT) and unilateral bone marrow bi-
opsy were used as staging and response assessment tools,
response was evaluated after induction, and definitions of
complete response (CR), partial response (PR), and treatment
failure were the standard [17]. Positron emission tomography-
CT (PET-CT) was systematically performed since 2012 and
was available in 195 cases.

PFS was calculated from the date of the first dose of front-
line treatment to the date of progression, relapse, or death of
any cause. Hence, early progressors (POD24) were defined as
patients experiencing relapse or progressive disease in the first
24 months after the initiation of frontline treatment. This anal-
ysis only included patients who received treatment, achieved
at least a PR, and had a follow-up of more than 2 years.

All patients were included for OS analysis, which was cal-
culated from the date of diagnosis to the date of last follow-up
or death from any cause. Kaplan-Meier survival curves were
plotted according to age and comorbidity and compared for
statistical differences by use of the log-rank test. For the con-
struction of a multivariate model including comorbidity and
the rest of variables with statistical significance in the univar-
iate analysis for OS, Cox proportional hazards regression was
used. Age was not independently incorporated in the multi-
variate model, since it is part of the FLIPI score.

To compare the OS observed in our cohort with that of the
general population, patients were matched by age and sex with
Spanish individuals from the Human Mortality Database [18],
which provides an estimate of the cause-specific survival
through relative survival analysis (relsurv package, R soft-
ware, Vienna, Austria). Excess mortality (survival reduction),
expressed as a percentage, was calculated with the formula [1
— (cohort survival/population survival)] x 100 and was
intended to reflect the reduction in life expectancy compared
with the general population. We considered the following
causes of death: progressive FL, treatment-related toxicities,
neoplasms different from FL, and other/unknown causes. We
then grouped the first two into an endpoint called lymphoma-
related death (LRD) and the last two into one called
lymphoma-unrelated death (LuRD), in line with previous
studies [14].
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HT was defined based on histological and/or cytological
criteria. Data concerning all types of malignant tumors
appearing after the diagnosis of FL were collected (including
non-melanoma skin cancer), and the time from the diagnosis
of FL to that of the second neoplasm was registered. To esti-
mate the risk of HT and of SM, where competitive events are
possible, cumulative incidence was calculated (cmprsk R
package) and compared by use of Gray’s test [ 19]. This meth-
od was also used for the calculation of cause-specific cumu-
lative incidence of mortality, and for the CIR vs. non-relapse
mortality. The x? test or Fisher’s exact test was used for com-
parison of categorical variables. P values <0.05 were consid-
ered to indicate statistical significance.

Results
Patient characteristics

Baseline characteristics of the 414 patients of the series are
shown in Table 1. Patient distribution according to the age at
diagnosis was as follows: <60 years, n=211 (51%); 61-70
years, n=90 (22%); and >70 years, n=113 (27%). Median
follow-up for surviving patients was 5.1 years. The proportion
of female patients increased with age (51% in <60 years to
66% in >70 years). Information on comorbidity was available

for 406 patients (98%) and, while most patients (60%) had no
comorbidity, the presence of moderate/severe comorbidity
(CCI >2) increased with age (12% in <60 years to 41% in
>70 years). Patients >70 years had a worse Eastern
Cooperative Oncology Group performance status (ECOG
PS), a higher frequency of elevated {3,-microglobulin (B2M)
and/or lactate dehydrogenase (LDH) levels, and higher-risk
disease, per the established prognostic scores (FLIPI,
FLIPI2, and PRIMA-PI). When FLIPI was re-calculated with-
out considering the point attributed to age, older patients still
had higher-risk disease.

Frontline treatment and response to therapy

Initial treatment strategies and the obtained responses, accord-
ing to age and comorbidity, are detailed in Table 2. The pro-
portion of patients who received any treatment during follow-
up was similar among age groups, as was that of patients
undergoing an initial wait and watch approach longer than 6
months. Younger patients were more likely to receive R-
CHOP as frontline treatment (67 and 61% for patients <60
and 61-70 years, respectively), while older patients were more
frequently treated with R-CVP (35%). No significant differ-
ences were found in the proportion of patients treated with
single-agent rituximab or other rituximab-based combina-
tions, according to age. Comorbidity was not associated with

Table 1 Main baseline features of the 414 patients of the series, according to the age at diagnosis
Characteristic [available data] All patients Age

<60y 61-70y >70y P value
Number of patients (%) 414 (100) 211 (51) 90 (22) 113 27) -
Female sex (%) 230 (56) 107 (51) 49 (54) 74 (66) 0.038
Charlson comorbidity index [#n=406 (98%)]
0 242 (60) 154 (75) 47 (54) 41 (37) <0.001
1 69 (17) 28 (13) 16 (18) 25(22)
>2 95 (23) 24 (12) 25 (28) 46 (41)
Arterial hypertension (%) [n=407 (98%)] 113 (28) 24 (12) 35 (40) 54 (48) <0.001
Hyperlipidemia (%) [n=407 (98%)] 82 (20) 29 (14) 27 (31) 26 (23) 0.003
Performance status, ECOG >2 (%) [n=413 (99.8%)] 27(7) 84 44) 15(13) 0.003
B symptoms (%) [n=414 (100%)] 50 (12) 26 (12) 8(9) 16 (14) NS
Ann Arbor stage [II-1V (%) [n=414 (100%)] 310 (75) 158 (75) 66 (73) 86 (76) NS
LDH above normal (%) [n=391 (94%)] 77 (20) 34 (17) 16 (19) 27 (25) NS
[32-microglobulin above normal (%) [n=376 (91%)] 163 (43) 60 (31) 31 (38) 72 (71) <0.001
Hemoglobin <120 g/L (%) [n=388 (94%)] 73 (19) 29 (15) 9 (11) 35(32) <0.001
High-risk FLIPI (%) [n=397 (96%)] 100 (25) 29 (14) 20 (24) 51 (46) <0.001
High-risk FLIPI, not considering age (%) [n=397 (96%)] 60 (15) 29 (14) 7 (8) 24 (21) 0.002
High-risk FLIPI2 (%) [n=386 (93%)] 111 (29) 26 (13) 29 (36) 56 (51) <0.001
High-risk PRIMA-PI (%) [n=392 (95%)] 98 (25) 31(15) 17 (20) 50 (49) <0.001

ECOG Eastern Cooperative Oncology Group, LDH lactate dehydrogenase, FLIPI Follicular Lymphoma International Prognostic Index, NA not
available, PRIMA-PI, PRIMA Prognostic Index, NS not statistically significant, y years
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Table2  Treatment and response data for the 414 patients of the series, according to the age and comorbidity
Characteristic All patients Age Comorbidity
<60y 61-70y >70y P value CCI0-1 CCI>2 P value
Never treated (%) 49 (12) 19 9) 16 (18) 14(12) NS 33 (11 16 (17) NS
Treated during follow-up (%) 365 (88) 192(91)  74(82) 99 (88) 278 (89) 79 (83)
Watch and wait period >6 months (%) 53 (15) 31 (16) 10 (14) 12(12) NS 35(13) 18 (23) 0.025
Frontline treatment regimens
R-CHOP (%) 204 (56) 128 (67)  45(61) 31 (31)  <0.001 168 (61) 29 (37) 0.003
R-CVP (%) 46 (13) 4(2) 7 (10) 35(35) 29 (10) 17 (22)
Single-agent rituximab (%) 60 (16) 30 (16) 14 (19) 16 (17) 45 (16) 15 (19)
Others (%) 55 (15) 30 (15) 8 (10) 17.(17) 36 (13) 18 (22)
CR rate (%) 268 (73) 150 (78) 54 (73) 64 (65)  0.048 202 (73) 58 (73) NS

R-CHOP rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone; R-CVP rituximab, cyclophosphamide, vincristine, and prednisone;
CR complete response; CCI Charlson Comorbidity Index; NS not statistically significant; y years

the probability of receiving treatment during follow-up.
However, patients with a CCI >2 were more likely to undergo
an initial wait and watch approach (23 vs. 13%, P=0.025). In
patients with a CCI 0—1, R-CHOP was the most widely used
treatment (61%), compared with 37% for those with a CCI >2,
in favor of other less intensive regimens. There was a slight
but statistically significant reduction in the CR rate with in-
creasing age (78, 73, and 65% for patients <60 years, 61-70
years, and >70 years, respectively), while comorbidity did not
impact on response.

Risk of relapse/progression

Outcomes according to age and comorbidity are described in
Table 3. One hundred ant twenty-one patients (29%) experi-
enced relapse/progression during follow-up, with a median
PFS for the entire cohort of 8.9 years and a 10-year PFS of
50%. Increasing age was associated with a significantly lower
PFS (61, 43, and 32% at 10 years, for patients <60 years, 61—
70 years, and >70 years, respectively, P=0.0015, Fig. 1a), but
comorbidity was not (Fig. 1b). However, when competing risk
analysis was performed (relapse vs. non-relapse mortality),
neither age nor comorbidity impacted on the CIR (Fig. 1 ¢
and d). There were no significant differences in the proportion
of POD24 patients according to age, while this percentage was
slightly higher in the low comorbidity group.

Histological transformation and second malignancies

HT to diffuse large B-cell lymphoma (DLBCL) was seen in
27 patients (6.5%), the median time to HT was 1.8 years
(range, 3 months to 10.7 years), and the risk of HT was not
significantly different according to age or comorbidity
(Supplementary Figure 1).
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The diagnosis of a second malignancy after the diagnosis
of FL was made in 39 patients (9.4%, Supplementary
Table 2). Lung and ear/nose/throat malignancies were the
most common type (23%), followed by breast cancer (15%)
(Fig. 2). Patients of 61-70 years had a higher rate of SM (28%
at 10 years, Fig. 3a), compared with younger and older pa-
tients. The presence of a CCI >2 was also associated with a
higher risk of SM (23 vs. 10%, P=0.004, Fig. 3b), although
this increased risk was not independent from age. No signifi-
cant differences were seen in the site of the SM according to
age or comorbidity. Eighteen patients who developed a SM
died during the time of follow-up, and the SM was the cause
of death in most of them (16/18, 89%).

Overall survival

Eighty-one patients (20%) died during follow-up. Median OS
for the entire cohort was not reached, and the 10-year OS rate
was 71%. Older patients had a lower 10-year OS (88, 65, and
41% for patients <60 years, 61-70 years, and >70 years, re-
spectively, P<0.0001, Fig. 2a, continuous lines), as did pa-
tients with a CCI >2 (51 vs. 76% at 10 years, P<0.0001,
Fig. 2b, continuous lines). When the concurrent impact of
age and comorbidity on OS was explored, it remained statis-
tically significant (P<0.0001, Fig. 2¢). To avoid attributing
the prognostic impact of comorbidity solely to the older age,
we also performed a bivariate for OS including the CCI and
age (as a quantitative and categorical variable), and both var-
iables retained statistical significance.

We designed a multivariate model for OS, with 365 cases
and 67 events (Supplementary Figure 2). The variables includ-
ed in the analysis were the presence of B symptoms, ECOG
PS, presence of a bulky mass, FLIPI score, elevated B2M
levels, and a CCI >2. All the aforementioned variables
retained an independent impact on OS, except for B2M and
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Table 3 Outcomes of the patients of the series, according to age and comorbidity
Characteristic All patients  Age Comorbidity

<60y 61-70y >70y Pvalue CCIO0-1 CCI 22 P value
CIR, % at 10y (95% CI) [n=365] 39 (33-45) 36(28-44) 44 (30-57) 41(29-52) NS 42 (35-49) 32(20-43) NS
PES, % at 10y (95% CI) [n=365] 50 (44-57) 61 (54-70) 43 (31-60) 32 (21-48) 0.015 52 (45-60) 39 (28-56) NS
POD24 (%) [n=365] 71 (20) 42 (22) 11(13) 19 (20) NS 61 (22) 10 (12) 0.044
OS, % at 10 y (95% CI) [n=414] 71 (65-77) 88(83-93) 65(52-81) 41 (29-58) <0.0001 76 (70-83) 51 (38-67) <0.0001
Cause of death [n=81]
Lymphoma-related (%) 43 (53) 14 (74) 8 (40) 21 (50) 0.047*  32(67) 11(33) 0.01°*
Progressive FL (%) 31 (38) 7(37) 7 (35) 17 (41) 21 (44) 10 (30)
Treatment complicationsT (%) 13 (16) 7(37) 1(5) 5(12) 11 (23) 2 (6)
Lymphoma-unrelated (%) 38 (47) 5(26) 12 (60) 21 (50) 16 (33) 22 (67)
Other malignancies (%) 15 (19) 2 (10) 7 (35) 6 (14) 9(19) 6 (18)
Other causes/unknown (%) 22 (27) 3 (16) 5(25) 14 (33) 7 (15) 15 (46)
Excess mortality, % at 10 y [n=414] 15 8 25 30 - 12 32 -
Risk of HT, % at 10 y (95% CI) [n=414] 8 (5-11) 7 (4-12) 10 (4200 6(2-12) NS 7 (4-11) 9417 NS
Risk of SM, % at 10y (95% CI) [n=414] 13 (9-17) 5(2-10) 28 (1641) 14 (7-24) <0.0001 10 (6-15) 23 (12-36) 0.0039

CIR cumulative incidence of relapse, PFS progression-free survival, C/ confidence interval, POD24 progression of disease within 24 months of
treatment initiation, OS overall survival, FL follicular lymphoma, RS relative survival, HT histological transformation, SM second malignancies, NR
not reached, CCI Charlson Comorbidity Index, NS not statistically significant, y years

*Chi-square test has been performed comparing the four categories of the COD variable, not the LRD/LuRD variable. Percentages are calculated within

the LRD/LuRD variable, and within the four COD variable

fTreatment complications include those associated with any line of treatment, including rescue regimens and autologous/allogeneic stem cell

transplantation

B symptoms. Of note, a CCI >2 was independently associated
with a shorter OS (HR=2.5; P=0.0003).

Causes of death

The exact cause of death was known for 75 (95%) of the 79
deceased patients. In the entire series, most patients died of
lymphoma-related causes (53 %), this percentage being signif-
icantly higher in those <60 years (74%) than in those >70
years (50%). Most patients (67%) with a CCI 0-1 died due
to lymphoma-related causes, while most patients (67 %) with a
CCI >2 died due to lymphoma-unrelated causes. Age impact-
ed on a higher cumulative incidence of LRD, while comor-
bidity did not affect it (Supplementary Figure 3).

Relative survival

The outcome of patients according to age and comorbidity
was studied with respect to the general Spanish popula-
tion. Patients from our series experienced a 15% survival
reduction (also called excess mortality) when compared
with a sex- and age-matched population. The 10-year ex-
cess mortality was 8, 25, and 30% for patients <60 years,
61-70 years, and >70 years, respectively (Fig. 2a, dashed
lines). Patients with a CCI >2 had a higher excess

mortality than those with a CCI 0-1 (32 vs. 12% at 10
years, Fig. 2b, dashed lines).

Discussion

In the analysis of our cohort of 414 FL patients diagnosed at a
single tertiary institution, we sought to describe the influence
of age and comorbidity on outcome. The median age at diag-
nosis in our series was somewhat lower than that reported in
population studies [4], likely due to the referral of patients
with more unfavorable clinical behavior who are candidates
for intensive approaches. Since FLIPI and FLIPI2 consider
age as a risk factor, older patients had higher-risk scores, but
this distribution was maintained when age was omitted from
the calculation, likely reflecting a more aggressive tumor bi-
ology in older patients, as it has been previously described
[20]. Age influenced treatment choices, as shown by the omis-
sion of anthracyclines in the 35% of patients >70 years treated
with R-CVP. Despite a shorter PFS, older patients did not
have a higher CIR, which brings to light the limitations of this
combined endpoint.

As expected and previously reported [11], older patients
had a poorer OS. In the entire series, 38% of patients died
due to progressive FL, a percentage that is lower than that
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Fig. 1 Progression-free survival according to age (a) and the Charlson Comorbidity Index (CCI) (b). Cumulative incidence of relapse (thick lines) and
non-relapse mortality (thin lines) according to age (¢) and CCI (d). PFS, progression-free survival; CCI, Charlson Comorbidity Index; y, years

reported for a large cohort of patients in which causes of
death were evaluated [14]. When combining progressive
FL and treatment-related complications, the percentage of
patients dying due to the so-called lymphoma-related death
(LRD) was significantly higher in the younger than the
older age group. Additionally, patients in our series had a
15% excess mortality when compared to the general pop-
ulation, and this burden was more prominent in elderly
patients (30%), underscoring the need for a risk- and life
expectancy-adapted treatment of FL in all age groups, as
stated by Albarmawi and colleagues [12].

Considering that FL is mostly diagnosed in elderly
patients, frailty and comorbidity are crucial issues in the
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management of this disease. In line with the only pub-
lished study assessing accompanying medical conditions
in FL, with 224 cases [13], the majority of the patients of
our series (60%) did not have any comorbidity, and age
and comorbidity were tightly related. Comorbidity deter-
mined the choice of less intensive therapies, as demon-
strated by the fact that only 37% of patients with a CCI
>2 was treated with R-CHOP. Despite a similar CIR,
comorbid patients had a shorter OS, especially in the
older subgroup, and comorbidity retained its adverse
prognostic impact in the multivariate model, as suggested
by Mihaljevic and colleagues [13]. However, we believe
that, in order to propose a new prognostic model
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Fig. 2 a Overall survival (OS) according to age for all the patients of the
series (continuous lines) and for the sex- and age-matched general popu-
lation (dashed lines). b OS according to the Charlson Comorbidity Index

including comorbidity, these findings should be validated
in larger series of patients.

In our series, patients aged 61-70 years had a higher risk
of SM compared with younger and older patients, a finding
that could be explained by the lower intrinsic risk of sec-
ond neoplasms in the younger age group, and the perfor-
mance of fewer screening or invasive diagnostic tests in the
older one. Concerning causes of death, comorbid patients
were more likely to die due to causes unrelated to the lym-
phoma (67%), while the same fraction of patients with no

(CCI) for all the patients of the series (continuous lines) and for the sex-
and age-matched general population (dashed lines). ¢ OS considering age
and comorbidity. y, years

or mild comorbidity experienced lymphoma-related death.
When excess mortality was calculated, comorbidity was an
additional burden for relative survival. Although comor-
bidity did not impact the risk of HT, it did increase the risk
of SM, likely reflecting an older age and the existence of
shared risk factors between other cancers (lung, ear, nose,
and throat area, genitourinary tract) and accompanying
medical conditions (chronic obstructive respiratory dis-
ease, ischemic heart disease).
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In our series, we observed that age and comorbidity are inde-
pendent predictors of OS, but not of CIR. Younger patients
and those with no or mild comorbidity are more likely to die
from lymphoma-related causes. Relative survival analysis
demonstrated that the mortality burden of FL is higher in older
patients and those with moderate-severe comorbidity,
warranting a tailored treatment approach for all patients diag-
nosed with this disease.
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Supplementary Table 1. Charlson Comorbidity Index (adapted from Charlson ME, Pompei P, Ales KL, MacKenzie CR. A
new method of classifying prognostic comorbidity in longitudinal studies: Development and validation. J Chronic Dis

1987; 40: 373-383.)

Assigned weight Condition

1 Ischemic heart disease

Congestive heart failure

Peripheral vascular disease
Cerebrovascular disease

Cognitive impairment

Chronic pulmonary disease

Connective tissue disease

Peptic ulcer disease

Mild liver disease

Diabetes mellitus without end-organ damage
2 Hemiplegia

Moderate or severe chronic kidney disease
Diabetes with end-organ damage

Any solid tumor (excluding NMSC)
Leukemia

Lymphoma (excluded in our series)

3 Moderate or severe liver disease
Metastatic solid tumor

AIDS

Assigned weights for each condition that a patient has. The total equals the score.
Example: chronic pulmonary disease (1) and lung cancer (2) = total score (3).
NMSC, non-melanoma skin cancer; AIDS, acquired immunodeficiency syndrome.
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Supplementary Figure 1. A: risk of histological transformation (HT) according to age. B: risk of HT according to
Charlson Comorbidity Index (CCI). C: survival from HT according to age. D: survival from HT according to CCI. E:
cumulative incidence of lymphoma-related and unrelated death for patients in whom a HT was documented. Survival
from HT was similar, irrespective of age or comorbidity (C and D). Among patients in which a HT was documented, the
cumulative incidence of LRD was much higher to that of LURD (E).
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Supplementary Figure 2. Upper part: Univariate and multivariate analyses for OS, using Cox proportional hazards

regression. Lower part: Forest plot of the multivariate analysis for OS.

0S5 (365 cases, 67 events)
i Univariate analysis MvvsTe
Parameter Risk category ys analysis
HR P HR P
Sex Female 0.9 NS NI
Age =60 years 4 <0.0001 NI®
Ann-Arbor stage - 32 0.002 NI®
B symptoms Present 25 0.001 1.7 NS
ECOG =2 6 <0.0001 3.3 0.0001
Bulky mass Present 1.9 0.01 1.9 0.02
Mo. of nodal sites =>4 16 MNS NI
Inter:;;idtate A ¥
FLIPI score <0.0001 <0.0001
High risk 72 5.3
Hemoglobin <120 g/L 16 NS NI
LDH Above ULN 2.1 0.003 M
B2M Above ULN 3.1 <0.0001 1.3 NS
Charian Comurbidity =2 2.5 0.0001 2.3 0.0003
Index

ECOG, Eastern Cooperative Oncology Group; FLIPI, Follicular Lymphoma International
Prognostic Index; LDH, lactate dehydrogenase; B2M, B2-microglobulin; NI, not included in the
multivariate model; HR, hazard ratio; NS, not statistically significant; OS, overall survival; ULN,
upper limit of nermal. # Due to absence of statistical significance in the univariate analysis. * To
avoid redundancy with the FLIPI score.
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FLIPI, Follicular Lymphoma Intemational Prognostic Index; ECOG, Eastem Cooperative Oncology Group;
CCI, Charlson Comorbidity Index; B2M, beta2-microglobulin; HR, hazard ratio; NS, not statistically significant.
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Cumulative incidence of lymphoma-related death (%)

Supplementary Figure 3. Upper part: Cumulative incidence of lymphoma-related and lymphoma-unrelated death,

using competing risks, according to age and comorbidity. Lower part: Cumulative incidence of lymphoma related death,

using competing risks, according to age (A), and Charlson Comorbidity Index (CCl, B).
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0.0004 NS
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Material, métodos y resultados

Una ratio linfocito-monocito baja es un predictor independiente de
peor supervivencia y mayor riesgo de transformacion histolégica
en el linfoma folicular

Resumen

La ratio linfocito/monocito (LMR) en sangre periférica es un factor prondstico en diferentes
neoplasias, pero su importancia en el linfoma folicular (LF) no esta bien definida. Analizamos 384
pacientes que tenian datos sobre el LMR al diagndstico. Se compararon las caracteristicas iniciales
y supervivencia entre pacientes con un LMR <2.5y >2.5. Los 76 pacientes (20%) que tenian un
LMR <2.5 tenian una edad maés avanzada y tenian parametros de mas alta carga tumoral. Un LMR
bajo fue predictor de una SLP a 10 afios inferior (32 vs 55%, P=0.001), asi como una SG a 10 afos
inferior ((35 vs 78%, P<0.0001; HR=2.3, P=0.003 en un modelo multivariado de 6 elementos). Un
LMR bajo también fue un factor de riesgo independiente para la transformacién histologica (11
vs 6% a 10 anos, P=0.01). Ademas, los pacientes con LMR bajo tuvieron una mayor incidencia de
segundas neoplasias. La potencial utilidad de este parametro ampliamente disponible y su
contribucion a indices pronosticos bien establecidos deberian ser exploradas en series

independientes y prospectivas de pacientes.
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ABSTRACT

The lymphocyte-to-monocyte ratio (LMR) is a prognostic factor in different neoplasms, but its
potential importance in follicular lymphoma (FL) is not well defined. We studied 384 FL patients
for which the LMR was available at diagnosis. Baseline features and outcomes were compared
between patients with an LMR </>2.5. The 76 patients (20%) who had an LMR <2.5 were older
and had a higher tumor burden. A low LMR was predictive of a lower 10-y progression-free sur-
vival (32 vs. 55%, p =.001) and overall survival (35 vs. 78%, p <.0001; HR = 2.3, p=.003 in a 6-
element multivariable model). A low LMR was also an independent risk factor for histological
transformation (11 vs. 6% at 10years, p=.01). Likewise, patients with a low LMR had a higher
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rate of second malignancies. The potential utility of this widely available parameter and its con-
tribution to well-established prognostic scores need to be explored in independent, prospect-

ive series.

Introduction

Although outcomes for most patients with follicular
lymphoma (FL), the most common indolent B-cell neo-
plasm, have improved since the advent of immuno-
therapy, some specific clinical scenarios remain a
challenge, namely early relapse (POD24) [1] and histo-
logical transformation (HT) [2-4]. In an attempt to pre-
dict the clinical behavior and to design risk-adapted
therapeutic strategies, various prognostic indexes con-
sidering clinical and biological variables have been
proposed [5-7].

Lymphomas are a heterogeneous group of neo-
plasms in which the tumor microenvironment (TME)
plays a major role in the development and progres-
sion of the disease. Non-malignant lymphocytes and
macrophages constitute a large proportion of the
TME, and the absolute lymphocyte count (ALC) and
absolute monocyte count (AMC) could be considered

a quantitative measure of their counterparts in the
blood [8]. Among other complete blood count (CBC)
values, these two parameters and a combined meas-
ure thereof, the lymphocyte-to-monocyte ratio (LMR),
have been analyzed in several lymphoid disorders,
with lower values being predictive of poorer outcomes
[9-15].

It has been postulated that the secretion of cyto-
kines by the TME could induce an increase in the pro-
liferation of monocytes, which would in turn reduce
the ability of the host to control tumor progression
[16]. As for lymphocytes, the ALC could be a simple
reflection of the host's immunity in general, and
against cancer in particular, with a lower ALC implying
a greater degree of immune suppression [17,18].
Furthermore, rituximab, an essential component of the
current treatment of B-cell malignancies, acts through
antibody-dependent cellular cytotoxicity [19], among
other mechanisms. Thus, response to anti-CD20
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antibodies could be impaired if the number of lym-
phocytes is decreased [16].

Despite the plethora of articles examining the role
of AMC, ALC, and LMR in other neoplasms, only three
studies have analyzed the importance of the LMR in
FL specifically, where the TME is crucial to pathogen-
esis [20,21]. Kumagai et al. reported a decreased pro-
gression-free survival (PFS) for patients with an LMR
<4.7, but the study was not powered to evaluate
overall survival (OS) [22]. Belotti et al. also found a
negative impact of an LMR <2 on PFS, without dif-
ferences in OS [23]. Finally, in a small cohort of
patients treated in the pre- and rituximab eras, an
LMR >3.2 was associated with a longer PFS, but OS
was not reported [24]. Therefore, the aim of our
study was to further explore the baseline correla-
tions of the LMR in a large single-center series of FL
patients diagnosed in the rituximab era, and analyze
its impact on outcomes.

Methods
Patients

We studied 384 grade 1-3A FL patients (212 females,
172 males; median age, 61years) consecutively diag-
nosed at a single institution between 2000 and 2018,
who had available data on the ALC and AMC at diag-
nosis. Pathological review was performed when there
was sample availability. Patients with the following
entities were not included: grade 3B FL, primary
gastrointestinal or cutaneous FL, and composite
lymphoma. Baseline characteristics, treatment, and
outcomes were evaluated and compared according to
the LMR. The study was approved by our Institutional
Review Board and followed the Declaration of Helsinki.

CBC parameters

Information about CBC data was collected from the
initial blood analysis performed at diagnosis. Cell
counts were determined by means of an automated
cell counter. In cases with prominent CBC abnormal-
ities, such as marked lymphocytosis, the peripheral
blood smear was manually reviewed and the resulting
counts were used for calculations. The LMR was calcu-
lated by dividing the ALC by the AMC. Peripheral
blood involvement (PBI) by FL was defined as the
presence of immunophenotypically-characterized FL
cells in the blood, a study that was generally
prompted by the presence of an elevated ALC.

Response assessment and survival endpoints

Computed tomography, with or without positron
emission tomography, and unilateral bone marrow
biopsy were used for staging and response assessment
purposes. Definitions of response to frontline treat-
ment were the standard [25]. An initial observation
approach was defined as >6 months between diagno-
sis and initiation of frontline therapy. PFS was calcu-
lated from frontline treatment to relapse or death of
any cause. Thus, early progressors (POD24) were
patients who relapsed within the first 24 months of ini-
tial treatment. OS was calculated from diagnosis to
last follow-up or death from any cause.

Statistical analysis

The method of maximally selected rank statistics (max-
stat package, R software, Vienna, Austria), was used to
calculate the best LMR cut-off to predict OS, and a
value of 2.5 was obtained (Supplementary Figure
1(A)). We performed a 100,000-sample bootstrap valid-
ation of the maxstat-obtained cut-off (mean: 2.508529;
95% Cl: 1.9—3.0, Supplementary Figure 1(B)). The
maxstat test was then applied to PFS and yielded the
exact same cut-off (Supplementary Figure 1(C)). CBC
values were compared using the Mann-Whitney's U
test. The y? or Fisher's exact test were used to com-
pare categorical variables. We plotted Kaplan-Meier
survival curves and used the log-rank test to explore
differences based on the LMR. For outcomes where a
possible competing event exists (HT and second
malignancies, SM), the primary event was HT or SM,
and the competing event was death without HT or
SM. Cumulative incidence was then calculated (cmprsk
R package) and Gray's test [26] was used for compari-
sons between both groups. For the analysis of causes
of death, we used cause-specific cumulative incidence
of mortality, with competing risk of death. For the
estimation of hazard ratios in the uni- and multivari-
able analyses, Cox proportional hazards regression
was used. Statistical significance was defined as a
p value <.05.

Results
Initial characteristics of the patients and LMR

Table 1 details baseline characteristics of all the 384
patients, and according to the LMR. The median LMR
for the entire series was 5.8 (range, 0.7 —52.7).
Seventy-six patients (20%) had an LMR below the
established cut-off of 2.5. Other values of the CBC can

83



LYMPHOCYTE-TO-MONOCYTE RATIO IN FL 3

Table 1. Clinical features of the 384 patients with FL, globally and according to the LMR.

LMR

All patients <25 >25 p-value
Number of patients, n (%) 384 (100) 76 (20) 308 (80) —
Age (median, range) 1 (26-91) 71 (32-91) 9 (26-86) <.0001
Female sex, n (%) 212 (55) 38 (50) 174 (57) 3
Histological grade 1-2, n (%) 309 (82) 53 (70) 256 (85) .002
Ki67 index >30%, n (%) 117 (41) 20 (37) 7 (41) 3
ECOG PS >2, n (%) 5(7) 10 (13) 5 (5) .02
B symptoms, n (%) 4 (12) 16 (21) 8 (9) .006
Ann-Arbor stage llI/IV, n (%) 288 (75) 62 (82) 226 (73) A
Secondary extranodal involvement, n (%) 244 (64) 48 (63) 196 (64) 9
Bone marrow involvement, n (%) 199 (54) 28 (42) 171 (57) .02
Peripheral blood involvement, n (%) 3 (11) 2 (3) 41 (13) .02
5 or more lymph node areas, n (%) 119 (31 27 (37) 92 (30) 3
Bulky mass, n (%) 82 (22) 28 (37) 54 (18) <.001
Elevated serum LDH, n (%) 71 (19) 19 (26) 52 (17) .09
Elevated B2-microglobulin, n (%) 178 (49) 47 (68) 131 (44) <.001
Hemoglobin <120g/L, n (%) 71 (19) 24 (32) 47 (15) .002
High-risk FLIPI score, n (%) 96 (25) 31 (41) 65 (21) <.001

ECOG: Eastern Cooperative Oncology Group Performance Status; LDH: lactate dehydrogenase; LMR: lymphocyte-to-monocyte ratio; FLIPI: Follicular

Lymphoma International Prognostic Index.
p-values in bold indicate statistical significance.

be found in Supplementary Table 1. The age distribu-
tion according to the LMR was significantly different
(median age, 71 vs. 59years, for LMR </>2.5,
respectively). Grade 3a FL was more frequent among
patients with an LMR <2.5 (30 vs. 15%, p=.002).
Patients with an LMR <2.5 had a poorer performance
status, a higher frequency of B symptoms, a bulky
mass, and elevated B2-microglobulin (B2M) levels.
No differences were seen with regard to the stage of
the disease, the frequency of extranodal involve-
ment, or the proportion of patients with elevated
LDH. The proportion of patients with a high-risk
FLIPI score was higher among patients with a low
LMR (41 vs. 21%, p <.001).

Frontline treatment and responses

First-line treatment and the obtained responses are
summarized in Supplementary Table 2. Among all
patients, 97 (25%) underwent initial observation, with-
out significant differences according to the LMR.
Likewise, the proportion of patients who received ini-
tial treatment with R-CHOP (rituximab, cyclophospha-
mide, doxorubicin, vincristine, and prednisone) was
similar in both groups. For the entire cohort, the pro-
portion of patients achieving a complete response
(CR) after frontline treatment was 73%, a rate that was
significantly lower for patients with a low LMR (58 vs.
77%, p=.002). However, when this analysis was per-
formed for patients diagnosed after 2012, year in
which PET-CT was systematically available, no signifi-
cant differences were found.

Progression-free and overall survival

Outcomes are summarized in Table 2. The median fol-
low-up of the «cohort was 5.1years (range,
0.6-16.6 years). Among treated patients, 103 patients
(31%) relapsed or progressed during follow-up, with a
median PFS of 10years. Patients with an LMR <2.5
had a significantly shorter PFS, compared with those
with an LMR >2.5 (median PFS, 5.7years vs. not
reached; 10-year PFS, 32% vs. 55%, p=.001, Figure
1(A)). The POD24 rate was not significantly different
according to the LMR.

Seventy-four patients (19%) died during follow-up.
Median OS for all patients was not reached. As seen
for PFS, the LMR had a major impact on OS (median
OS, 7.1years vs. not reached; 10-year OS, 35% vs. 78%,
p <.0001, Figure 1(B)). Likewise, when analyzing com-
peting causes of death, patients with an LMR <2.5
had a significantly higher 10-year mortality due to pro-
gressive FL (28 vs. 7% at 10years) (Figure 2(A)).

Considering the statistically significant factors from
the univariable analyses, a multivariable model was
built for PFS and OS, excluding the variables that are
comprised in the FLIPI score (Table 3). Although the
LMR did not retain statistical significance in the multi-
variable analysis for PFS (Supplementary Figure 2(A)),
in the model for OS, with 364 cases and 68 events,
including the presence of B symptoms, ECOG perform-
ance status, the presence of a bulky mass, the FLIPI
score, and the levels of B2M, the LMR retained its
adverse impact [HR = 2.3 (95% Cl: 1.3 —4), p=.003,
Supplementary Figure 2(B)].

As expected, 41 of the 43 patients who had PBI
(95%) had an LMR >2.5. Among patients with PBI, the
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Table 2. Outcomes of the patients, globally and according to the LMR.

LMR
All patients <25 >25 p-value

PFS

% at 5y (95% Cl) 66 (61 —72) 55 (48 — 63) 70 (64 —76) .001

% at 10 y (95% Cl) 51 (44 — 58) 32 (14 —49) 55 (47 — 62)
POD24, n (%) 60 (19) 16 (27) 44 (17) .07
0S

% at 5y (95% Cl) 85 (82 —90) 64 (53 —78) 90 (87 —94) <.0001

% at 10 y (95% Cl) 71 (65 —77) 35 (20 — 60) 78 (72 — 85)
Cumulative incidence of death due to progressive FL, % at 10-y (95% Cl) 11 (7—16) 28 (15—42) 7(4-12) <.0001
Risk of HT, % at 10 y (95% Cl) 7 (4—-10) 11 (5-19) 6 (3—10) .01
Risk of SM, % at 10 y (95% Cl) 16 (11 —22) 22 (9—138) 14 (9 —20) .006

Cl: confidence interval; HT: histological transformation; FL: follicular lymphoma; LMR: lymphocyte-to-monocyte ratio; NS: not statistically significant; PFS:
progression-free survival; POD24: progression of disease within 24 months of treatment initiation; OS: overall survival; SM: second malignancies.
p-values in bold indicate statistical significance.
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Table 3. Univariable and multivariable analyses for PFS and OS using Cox proportional hazards regression.

PFS (323 cases, 122 events)

OS (364 cases, 68 events)

Univariable analysis

Multivariable analysis

Univariable analysis Multivariable analysis

Parameter Risk category HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value

Sex Male 13(09-19) 1 NI? 13 (0.8—2.1) 2 NI

Age >60 years 17 (12—25)  .003 NIP 43 (24—-74)  <.0001 NIP

Histological grade  3A 1.1(0.7—-1.7) 7 NI? 1.6 (09—2.7) 1 NI?

Ann — Arbor stage Il — IV 25(1.5—42)  .0004 NIP 28 (14—59) .006 NIP

B symptoms Present 24 (16—38)  .0004 1.8 (1.1-2.9) .02 2.8 (1.6 —4.8) 0003 1.7 (09—-3.2) 08

ECOG PS >2 34 (2-58) <0001 24 (1.3-4.2) 003 75 (44—13) <0001 46 (24—87) <.0001

Bulky mass Present 16(1.1—-24) .01 15 (1-2.2) 048 18 (1.1-3) .02 1.6 (0.9 —2.6) 1

No. of nodal sites >4 16 (1.1—24)  .008 NIP 1.6 (1—2.6) 053 NP

FLIPI score Intermediate risk 22 (14—35)  .0006 2 (1.2—3.2) .02 33 (1.7 -6.6) 0007 3.8 (1.7—85) .001
High risk 33(21-52) <0001 19 (1.1-33) 6.5(33—129) <.0001 3.6 (1.5—-87)

Hemoglobin <120g/L 12(08-19) 03 NIZP 1.8 (1-29) .03 NIP

LDH Above ULN 2(14-3) .0003 NIP 19 (1.2-32) 01 NIP

B2M Above ULN 25(1.7—37) <0001 17 (1.1-26) .02 32(1.9-54) <0001 16 (0.9—2.6) 1

LMR <25 2(13-29  .001 12(08-19) 4 43 (27-69) <0001 23(1.3—4) .003

ECOG PS: Eastern Cooperative Oncology Group Performance Status; FLIPI: Follicular Lymphoma International Prognostic Index; LDH: lactate dehydrogen-
ase; B2M: B2-microglobulin; Cl: confidence interval; HR: hazard ratio; LMR: lymphocyte-to-monocyte ratio; PFS: progression-free survival; OS: overall sur-

vival; ULN: upper limit of normal; NI: not included in the multivariable model.

Due to absence of statistical significance in the univariable analysis.
PTo avoid redundancy with the FLIPI score.
p-values in bold indicate statistical significance.

median ALC was 4.1 x 10%/L (range, 0.9 —93.8). In the
global series, OS was not significantly different for
patients according to the presence of PBI, although
the Kaplan-Meier estimate for OS involvement was
visibly inferior for patients with PBI (Supplementary
Figure 3(A)). When performing an OS analysis exclud-
ing patients with PBI, the LMR retained its prognostic
impact (p <.0001, Supplementary Figure 3(B)).

Concerning age, patients older than 60years were
more likely to have an LMR <2.5 (28 vs. 10% com-
pared with patients <60 years, p <.0001). Considering
the marked differences in age distribution between
patients with an LMR <and >2.5, and to avoid attrib-
uting the adverse prognostic impact of a low LMR to
the older age, we plotted stratified Kaplan-Meier PFS
and OS curves for patients younger and older than
60 years. PFS was not significantly different according
to the LMR in younger patients (Supplementary Figure
4(A)). However, LMR retained its prognostic impact for
PFS in older patients (Supplementary Figure 4(C)) and
for OS in both age groups (Supplementary Figures
4(B) and 4(D)).

The LMR could improve the FLIPI score

We aimed at improving the predictive value of the
FLIPI score by adding LMR information. Six categories
were defined, considering the FLIPI risk category (low-,
intermediate-, and high-risk) and the LMR (</>2.5),
and six curves were plotted for OS (Figure 3), and the
corresponding HR on univariable Cox regression was
analyzed. As expected from the multivariable analysis,

the LMR was of
risk categories.

importance in all three FLIPI

Risk of histological transformation

Twenty-one patients (6%) developed HT to DLBCL. For
all patients, the median time to HT was 1.8years
(range, 0.3-10years). A low LMR was predictive of a
higher cumulative incidence of HT (11 vs. 6% at
10years, p=.01, Figure 2(B)). To elucidate a potential
independent impact of the LMR on the risk of HT, we
first identified variables that were risk factors for HT.
In a final multivariable model of 383 cases and 21
events, including the presence of extranodal involve-
ment, the FLIPI score, and the LMR, the latter was the
only independent predictor of a higher risk of HT [HR
= 2.6 (95% ClI: 1.1 — 6.3), p=.03, Supplementary Table
3 and Supplementary Figure 5].

Risk of second malignancies

Thirty-four patients (9%) developed a second tumor
after the diagnosis of FL, and the 10-year risk of devel-
oping a SM was of 16% for all patients. The LMR also
predicted for a higher risk of SM (22 vs. 14% at
10years, p=.006, Figure 2(C)).

Discussion

Although the median OS for newly diagnosed FL
patients now approaches 20years [27,28], some clin-
ical scenarios remain a challenge, namely early pro-
gression and HT. As patients who will fare poorly

86



6 (&) P.MOZAS ET AL.

P <0.0001

100 —
9
< 80
©
2
% 60 —
n
—
(@]
g 40 —
=
3
o 20 —
o
0 —
0
e LOW-risk FLIPI, LMR >2.5 128
Intermediate-risk FLIPI, LMR >2.5 115
e High-risk FLIPI, LMR >2.5 65
«— = Low-risk FLIPI, LMR <2.5 17
Intermediate-risk FLIPI, LMR <2.5 27
= = High-risk FLIPI, LMR <2.5 31

73

66

26
8
7
8

10 15
Time (years) HR for OS (95% Cl)
39 3 Reference
24 1 2.6 (1.1-6.1)
7 1 7.4 (3.3-16.9)
1 0 5.1 (1.3-19.3)
0 0 18.8 (7.7-46)
2 1 11.9 (4.8-29.4)

Figure 3. Exploratory Kaplan—Meier plots of OS according to the combination of the FLIPI score and the LMR. OS: overall survival;
FLIPI: Follicular Lymphoma International Prognostic Index; HR, hazard ratio; Cl, confidence interval; LMR: lymphocyte to monocyte
ratio. The colors of the curves represent FLIPI risk categories , and the stroke of the line represents the LMR (continuous for LMR

>2.5, and dashed for LMR <2.5).

cannot always be identified upon diagnosis, new varia-
bles are being sought to further refine established
prognostic indexes and tailor therapeutic strategies.

The TME has been shown to be of paramount
importance in the biology of FL, with the cell compos-
ition of the tumor determining the dynamics of dis-
ease progression and response to therapy [20]. In this
regard, lymphocytes and monocytes have been con-
sidered the circulating counterparts of tumor infiltrat-
ing lymphocytes and macrophages [8], the most
relevant TME cells, and the LMR has been identified as
a combined measure of both parameters, with lower
values identifying patients with a poorer prognosis in
many cancers [11,13,29].

We analyzed CBC values in a cohort of 384 FL
patients and, although observational studies like the
present one can suffer from selection bias, we identi-
fied a group of patients (20%) with an LMR <2.5, who
were significantly older, had a poorer performance sta-
tus, higher tumor burden, and a higher-risk FLIPI
score. Without significant differences in initial treat-
ment strategies, patients with a low LMR were less
likely to achieve a CR after frontline therapy, although
this finding could be explained by the higher persist-
ence of a bulky mass in patients in which a PET study
was not available.

In line with previous reports [22-24], in our series,
patients with an LMR <2.5 had a shorter PFS (32 vs.
55% at 10years, p=.001). Concerning OS, patients

with an LMR <25 had a 10-year OS less than half
than that of patients with an LMR >2.5 (35 vs. 78%,
p <.0001). To confirm that the adverse prognostic
impact of a low LMR was not merely associated with
an older age, we performed a stratified analysis, and
observed that the impact on OS remained both in
patients younger and older than 60years. Moreover,
the adverse prognostic impact of the LMR on OS
remained significant in a multivariable model includ-
ing other five clinically relevant characteristics. When
evaluating causes of death, we identified that patients
with a low LMR were more likely to die due to pro-
gressive FL.

A recent report showed that a low ALC was an
independent risk factor for transformation to an
aggressive lymphoma [30]. In our series, we found
that patients with a low LMR were more likely to
experience HT (11 vs. 6% at 10years, p=.01), and in
the multivariable model to predict HT, the LMR was
the only parameter retaining independent prognostic
impact. Furthermore, patients with a low LMR were
more likely to develop a SM.

Two studies have made an attempt to refine estab-
lished FL prognostic scores using CBC values: Wilcox
et al. proposed the AMC-FLIPI, considering an AMC
>5.7 x 10%/L as an additional risk factor [31], and Yang
et al. gave an additional point to patients with an ALC
<1 x 10%/L and proposed the FLIPI-L score [30]. In our
cohort, we combined the three FLIPI risk categories
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and the LMR to define six exploratory categories, and
analyzed their HR for OS. The LMR added relevant
information to all FLIPI categories. However, we
believe that, in order to generalize the use of the LMR
to inform prognosis and modify well-established prog-
nostic indexes, validation in large, independent series
is required.

The biological interactions that lie behind this clin-
ical impact remain elusive. Some groups have sug-
gested that the secretion of cytokines by the TME
could induce an increase in the number of monocytes,
which would in turn compromise anti-tumor immunity
and facilitate disease progression [16]. In this regard,
the correlation between circulating monocytes and
tumor-infiltrating macrophages needs to be estab-
lished in FL specifically. Considering the fact that FL is
an immune-rich tumor, there has been great interest
in the lymphocyte compartment to elucidate the
mechanisms of disease progression and response to
therapy. A reduced ALC, and therefore, a low LMR,
could be an approximate measure of a decreased
tumor-specific T-cell repertoire and ineffective antitu-
mor immunity. Moreover, since rituximab depends on
lymphocytes to exert antibody-dependent cellular
cytotoxicity, a low ALC could also compromise the effi-
cacy of anti-CD20 immunotherapy.

In conclusion, our study represents the largest ser-
ies studying the LMR in FL. We observed that, in
newly diagnosed FL patients, an LMR <2.5 is associ-
ated with higher tumor burden features, a lower CR
rate, shorter survival, and higher risk of SM and HT.
Upon validation in other series, information provided
by the LMR could be an additional tool to improve
the prognostic classification of FL patients, in order to
avoid toxicities of overtreating low-risk patients, and
to intensify therapy in patients at a higher risk of early
progression or HT.
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SUPPLEMENTARY TABLES

Supplementary Table 1. Descriptive statistics of the CBC parameters of the entire series, and according to the LMR.

LMR
Normal All patients

range <25 >2.5 P*

Hb, median in g/L (range) 120-170 135 (72-167) | 123 (72-162) | 136 (72-167) | <0.001
.. 8.1 (2.3- 6.9 (2.3- 6.5 (2.6-
9 -
Leukocytes, median in x10°/L (range) 4-11 121.4) 26.1) 121.4) 0.7
Neutrophils, median in x10%/L (range) 2.5-7 4.6 (1.2-22.6) | 5(1.5-22.6) 4 (1.2-16.4) | <0.001
Lymphocytes, median in x10°/L (range) 0.9-45 2.6 (0.3-93.8) | 0.9(0.3-2.8) | 1.6 (0.3-93.8) | <0.001
Monocytes, median in x10°/L (range) 0.1-1 0.4 (0.09-5) 0.5 (0.2-1.3) | 0.38 (0.09-5) | <0.001
.. 9 250 (84-

Platelets, median in x10°/L (range) 130-400 241 (9-1250) 1250) 224 (9-819) 0.03
Lymphocyte-to-monocyte ratio, median - 58 (0.7-52.7) | 1.9 (0.7-2.5) | 49 (2.6-52.7) | <0.001

(range)

CBC, complete blood count; LMR, lymphocyte-to-monocyte ratio, Hb, haemoglobin; NS, not statistically significant.

*Mann-Whitney's U test. P-values in bold indicate statistical significance.
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Supplementary Table 2. Treatment and response data of the series, globally and according to the LMR.

LMR
All patients
<2.5 >2.5 P

Initial watch and wait approach (>6 months), n 97 (25) 150) | 82 (27) 02
(%)
Treated during follow-up, n (%) 338 (88) 67 (8) | 271 (88) 0.9

Rituximab-containing

frontline regimen, n (%) 335 (99) 65 (97) | 270 (99) | 0.04

Frontline treatment with

R-CHOP, n (%) 185 (55) 38 (57) | 147 (54) | 0.7
CR rate, n (%) 247 (73) 39 (58) | 208 (77) | 0.002

R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone; CR, complete
response; LMR, lymphocyte-to-monocyte ratio. P-values in bold indicate statistical significance.
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Supplementary Table 3. Univariable and multivariable analyses for the cumulative incidence of histological
transformation using Fine-Gray competing risk regression.

Risk of HT
Parameter Risk category | Univariable analysis | Multivariable analysis (383 cases, 21 events)
HR (95% CI) P HR (95% ClI) P
Age >60 years 1.3 (0.6-3.1) 0.5 NJab
Sex Male 0.9 (0.4-2.2) 0.9 NI2
Histological grade 3A 1.8 (0.7-4.7) 0.2 NI2
B symptoms Present 0.8 (0.2-3.5) 0.8 NI2
ECOG PS >2 1.5 (0.3-6.6) 0.6 NI2
Bulky mass Present 1.8 (0.7-4.5) 0.2 NI2
Extranodal involvement Present 34 (1-11.5) | 0.047 2.4 (0.6-10.3) 0.2
Intermediate risk | 3.5 (1-12.6) | 0.054 2.3 (0.6-9.4) 0.2
FLIPI score
High risk 45 (1.2-16.6) | 0.03 2.2 (0.5-10.6) 0.3
Hemoglobin <120 g/L 0.7 (0.2-2.5) 0.6 NJab
LDH Above ULN 2.3(0.9-5.9) | 0.09 NIab
B2M Above ULN 0.7 (0.3-1.7) 0.4 NI2
LMR <25 2.9 (1.2-6.8) | 0.02 2.6 (1.1-6.3) 0.03

ECOG, Eastern Cooperative Oncology Group Performance Status; FLIPI, Follicular Lymphoma International Prognostic
Index; LDH, lactate dehydrogenase; B2M, B2-microglobulin; Cl, confidence interval; HR, hazard ratio; HT, histological
transformation; LMR, lymphocyte-to-monocyte ratio; ULN, upper limit of normal; NI, not included in the multivariable
model; ? Due to absence of statistical significance in the univariable analysis; ® To avoid redundancy with the FLIPI score.

P-values in bold indicate statistical significance.
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SUPPLEMENTARY FIGURES

Supplementary Figure 1. Standardized logrank statistics plots for the identification of the best cut-off value of the
LMR to predict OS (A). Histogram of bootstrap samples of maxstat-obtained cut-offs to predict OS (B). Standardized
logrank statistics plots for the identification of the best cut-off value of the LMR to predict PFS (C).
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Supplementary Figure 2. Forest plots of the multivariable analyses for PFS (A) and OS (B).
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PFS, progression-free survival; OS, overall survival; ECOG, Eastern Cooperative Oncology Group, FLIPI, Follicular
Lymphoma International Prognostic Index; B2M, B2-microglobulin;, LMR, lymphocyte to monocyte ratio.
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Supplementary Figure 3. OS of the entire series according to PBI (A). OS according to the LMR, only for patients

without PBI (B).
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Supplementary Figure 4.
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Supplementary Figure 5. Forest plot of the multivariable analysis for the risk of HT.
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Index; HR, hazard ratio; Cl, confidence interval.
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Material, métodos y resultados

Correlacion con factores iniciales e impacto prondstico de las
proteinas monoclonales séricas en el linfoma folicular

Resumen

La presencia de un componente monoclonal sérico se ha relacionado con peor prondstico en
algunos linfomas. Sin embargo, los datos en linfoma folicular (LF) son escasos. Estudiamos 311
pacientes con LF diagnosticados en un solo centro, con informacién disponible sobre la
inmunofijacion sérica (IFs). Se compararon las caracteristicas iniciales y la evolucion entre los
pacientes con una IFs positiva y negativa. La IFs fue positiva en 82 pacientes (26%). Las
caracteristicas iniciales fueron similares entre ambos grupos, salvo una mayor edad y niveles mas
elevados de B.-microglobulina en el grupo con IFs positiva. Con una mediana de seguimiento de
4.6 afos, la IFs positiva se asocid con un mayor riesgo de recaida precoz (POD24, 27 vs 15%,
P=0.02), una menor supervivencia libre de progresion (42 vs 52% a 5 afios, P=0.008) y menor
supervivencia global (SG, 59 vs 77% a 10 afios, P=0.046). En pacientes mayores de 60 afos, la IFs
positiva fue un factor predictivo independiente de la SG (hazard ratio = 2.4, intervalo de confianza
al 95%: 1.2-5.0, P=0.02). Aproximadamente un cuarto de los pacientes con LF presenta una IFs
positiva al diagnostico, lo cual es un factor pronéstico adverso. Estos hallazgos animan a continuar

investigando su relacion con la biologia del linfocito B y del microambiente tumoral.
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Summary

The presence of a serum monoclonal component has been associated with
poor outcomes in some lymphomas. However, data in follicular lymphoma
(FL) are scarce. We studied 311 FL patients diagnosed at a single institution,
for whom information on serum immunofixation electrophoresis (sIFE) at
diagnosis was available. Baseline characteristics and outcomes were com-
pared between patients with a positive (+sIFE) and a negative sIFE (—sIFE).
sIFE was positive in 82 patients (26%). Baseline features were comparable
between both groups, except for an older age and higher proportion of ele-
vated B,-microglobulin levels in the +sIFE group. With a median follow-up
of 4.6 years, a +sIFE was associated with a higher risk of early relapse
(POD24, 27% vs. 15%, P = 0-02), shorter progression-free survival (PFES;
42% vs. 52% at 5 years, P = 0-008), and shorter overall survival (OS; 59%
vs. 77% at 10 years, P = 0-046). In patients >60 years, a +sIFE was an inde-
pendent predictor of OS [hazard ratio (HR) = 2-4, 95% confidence interval
(CI): 1-2-5-0; P = 0-02]. Approximately one quarter of patients with FL has
a +sIFE at diagnosis, which is a predictor of poor outcome. These findings
encourage further investigation of its relationship with B-cell biology and
the tumour microenvironment.

Keywords: follicular lymphoma, serum immunofixation electrophoresis,
serum monoclonal component, prognosis, survival.

The overall survival (OS) of follicular lymphoma (FL), the
most common indolent B-cell lymphoma,' now approaches
20 years.” However, two specific clinical scenarios remain
challenging: early relapse, also called POD24,> and histological
transformation (HT) to a diffuse large B-cell lymphoma
(DLBCL).*® In an effort to anticipate outcomes for each
individual patient and eventually tailor treatment strategies
accordingly, the impact of clinical and biological variables has
been examined and prognostic indexes have been designed.”®

© 2020 British Society for Haematology and John Wiley & Sons Ltd

In 1957, Azar and colleagues studied 13 patients with
malignant lymphoma and lymphatic leukaemia who had a
serum monoclonal component (sMC),'® which represents
the first
immunoglobulin (Ig) in lymphoproliferative disorders. The

report on the presence of a monoclonal
presence of a serum monoclonal IgM is one of the hall-
marks and diagnostic criteria of Waldenstrom’s macroglob-
ulinaemia,'' and a sSMC has been described in several other

B-cell malignancies.

doi: 10.1111/bjh.17138

.
b h BRITISH JOURNAL
OF HAEMATOLOGY

100




P. Mozas et al.

In a cohort of 1 150 cases of lymphoma and chronic lym-
phocytic leukaemia (CLL), Alexanian and colleagues reported a
4-5% prevalence of IgG spikes in the protein pattern of patients
with diffuse lymphomas, although their impact on outcome
was not evaluated.'” Economopoulos et al.' studied a series of
255 non-Hodgkin lymphoma (NHL) cases, 89 of which were
indolent NHL (iNHL). The prevalence of a sMC was 17-2% in
the entire series, and it was associated with advanced disease.
There were also differences according to the lymphoma sub-
type, IgM being the most frequent isotype in iNHL cases. In this
study, no significant differences were found regarding survival.

In DLBCL, several recent studies have reported an impact
of a sMC on progression-free survival (PFS) and 0S.**7
Likewise, in a small cohort of extranodal marginal zone lym-
phoma (MZL), the prevalence of a sMC was found to be
27%, and all positive cases had stage IV disease.'® To our
knowledge, no study has examined the prevalence and poten-
tial prognostic impact of the presence of a sMC in FL
patients in the rituximab era. Therefore, our aim was to
determine the prevalence of a positive serum immunofixa-
tion electrophoresis (sIFE) in our cohort of FL patients,
describe their main clinical, biological and immunochemical
features at diagnosis, and correlate the sIFE with survival, the
risk of HT, and second malignancies (SM).

Patients and methods

Patients

Three hundred and eleven patients (169 females, 142 males;
median age, 60 years; range, 26—88 years) consecutively diag-
nosed with grade 1-3A FL at a single institution between
1991 and 2018, with available data on sIFE at diagnosis, con-
stituted the study population. All available diagnostic speci-
mens underwent pathological review. Patients diagnosed with
grade 3B FL, primary gastrointestinal or cutaneous FL, and
composite lymphoma were not included. Information on
relapse, causes of death, and HT was collected and analysed.
Baseline patient and disease characteristics, type of frontline
treatment, PFS and OS, and risk of HT and SM were
assessed and compared between patients with negative
(—sIFE) and positive sIFE (+sIFE). In addition, data con-
cerning all types of malignant tumours (and of multiple
myeloma in particular) appearing after the diagnosis of FL
were collected (including non-melanoma skin cancer). Time
from the diagnosis of FL to the second neoplasm was regis-
tered. The study was conducted according to the Hospital
Clinic de Barcelona Institutional Review Board and in accor-
dance with the Declaration of Helsinki.

Protein and immunochemical parameters

Serum protein electrophoresis (sSPEP) was performed at diag-
nosis in all patients, using capillary electrophoresis (Capillarys
2, Sebia, Lisses, France). When available, the sPEP plot was

visually reviewed in search of an identifiable monoclonal
spike and, when found, it was quantitatively measured. A
non-measurable monoclonal component was defined as an
absent identifiable monoclonal spike in the sPEP plot. Serum
Ig levels were measured using immunoassay and categorized
as decreased, normal, or elevated, according to our laboratory
reference ranges (IgG: 6-8-15-3 g/L; IgA: 0-66-3-65 g/L; IgM:
0-36-2-61 g/L). sIFE (Hydrasys, Sebia) was also performed at
diagnosis in all patients to identify the monoclonal heavy and
light chains. A biclonal sIFE was defined as the presence of
two heavy or light chains in the SIFE of the same sample.
Immunoparesis was defined as a decreased level of at least
one of the non-involved Ig (for patients with a +sIFE), and of
any Ig for patients with a —sIFE. When a reassessment of the
sIFE was available during follow-up, it was categorized as
being of the same isotype as the initial sample, or a different
isotype, when a change in the heavy and/or light chain was
detected. For the evaluation of the concordance between sIFE
and light-chain restriction in the lymph node biopsy (by
immunohistochemistry or flow cytometry of the lymph node
suspension), only the light-chain isotype was considered.

Response assessment and survival endpoints

An initial wait-and-watch approach was defined as a time
interval between the date of diagnosis and that of treatment
initiation longer than six months. Computed tomography,
with or without positron emission tomography, and unilat-
eral bone marrow biopsy, were used as staging and response
assessment tools. Definitions of complete response (CR), par-
tial response (PR), and treatment failure were the standard."’
PES was calculated from the date of the first dose of frontline
treatment to the date of progression (if a PR was achieved
after frontline treatment), relapse (if a CR was achieved after
frontline treatment), or death of any cause. Hence, early pro-
gressors (POD24) were defined as patients experiencing pro-
gressive disease in the first 24 months after the initiation of
frontline therapy. This analysis only included patients who
received treatment and had a follow-up longer than two
years. All patients were included for OS analysis, which was
calculated from the date of diagnosis to the date of last fol-
low-up or death from any cause. We considered the follow-
ing causes of death: progressive FL, treatment-related
toxicities, neoplasms different from FL, and other/unknown
causes, in line with previous studies.”®

Statistical analysis

The y* or Fisher’s exact test were used for comparison of
categorical variables between patients with a —sIFE and
+sIFE. Kaplan—Meier survival curves were plotted according
to the sIFE and compared for statistical differences by use of
the log-rank test. To estimate the risk of HT and SM, in
which death without the event is possible, cumulative inci-
dence was calculated (cmprsk package, R software, Vienna,

© 2020 British Society for Haematology and John Wiley & Sons Ltd
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Austria) and compared by use of Gray’s test.”' Considering
clinically relevant variables that did not overlap with the Fol-
licular Lymphoma International Prognostic Index (FLIPI)
score, parsimonious multivariate Cox regression models were
designed, for all patients and for patients >60 years specifi-
cally, after ruling out interaction between age and the sIFE
on survival. The multivariate model for OS in patients
>60 years was then validated by means of 1000-sample boot-
strapping (validate function, rms package, R Foundation for
Statistical Computing, Vienna, Austria). P < 0-05 was consid-
ered to indicate statistical significance.

Results

Baseline characteristics

Baseline characteristics of the 311 patients, and according to
the sIFE, are shown in Table I. Eighty-two patients (26%) had
a +sIFE at diagnosis. The Eastern Cooperative Oncology
Group performance status (ECOG PS), the frequency of B
symptoms, the Ann-Arbor stage, and tumour burden features,
such as the presence of a bulky mass or an elevated lactate
dehydrogenase (LDH) level, were comparable between groups.
However, an elevated [,-microglobulin (B2M) level was more
common among patients with a +sIFE (62 vs. 42%,
P =0-002). The presence of a +sIFE was associated with a
slightly older age (median age 61-5 vs. 60 years for patients
with a +sIFE and —sIFE, respectively, P = 0-007). Indeed,
when patients were categorized into six age groups, the preva-
lence of a +sIFE at diagnosis increased from 12% in patients
<40 years to 48% in those > 80 years (P = 0-021, Figure SI).

Protein and immunochemical features

When categorizing Ig levels into decreased, normal, and ele-
vated according to the laboratory reference ranges, no differ-
ences were seen in the IgG or IgA levels between patients with
a —sIFE and +sIFE. However, patients with a +sIFE had a
higher proportion of elevated IgM levels (10 vs. 3%,
P =0-03). Immunoparesis was associated with a more
advanced stage in all patients [77% vs. 56% of stage IV disease
for patients with and without immunoparesis (P = 0-002)].
According to the sIFE, no differences were seen in the propor-
tion of patients with immunoparesis. Data on Ig levels for the
311 patients of the series can be found in Table SI.

Among the 82 patients with a +sIFE at diagnosis, IgG was
the most common heavy-chain isotype, with a similar distri-
bution between IgG-x (25%) and IgG-A (24%). Other iso-
types were, by frequency: IgM-k (15%), IgM-A (11%), only
free A light chains (11%), IgA-k (5%), and biclonal (9%).
No significant differences were seen in the Ann-Arbor stage
according to the heavy or light chain. The sPEP was available
for review in 39 patients with a +sIFE: 33 cases had no mon-
oclonal spike in the serum, and for the remaining six cases,
the mean MC concentration was 2-7 g/L (range, 1-8-3-9).

© 2020 British Society for Haematology and John Wiley & Sons Ltd

Serum Monoclonal Proteins in Follicular Lymphoma

We had information about a subsequent SIFE performed
during follow-up in 19 cases (mostly at relapse): although
the most common finding was a +sIFE for the same isotype
(11 cases), some cases were negative (5), and others were
positive for a different isotype (3). In 38 cases with a +sIFE,
the light chain of the serum Ig and the light-chain restriction
in the lymph node biopsy were compared: 26 cases were con-
cordant (including the four biclonal cases for which lymph
node information was available) and 12 cases were discor-
dant. Protein and immunochemical features of the 82
patients with a +sIFE can be found in Table IIL.

Treatment, response, and survival

Frontline treatment, responses and outcomes are detailed in
Table III. In the entire series, 78 patients (25%) underwent
an initial watch-and-wait approach, and this proportion was
similar in the two sIFE groups. Treatment strategies were
comparable between patients with —sIFE and +sIFE, as was
the proportion of patients achieving a CR after frontline
treatment.

Median follow-up for the entire series (calculated only for
surviving patients) was 4-6 years (range, 7 months to
23.7 years). Considering only those who received treatment,
84 patients (30%) experienced relapse or progression during
follow-up, with a median PFS for the entire cohort of
10 years. Compared with those with a —sIFE, patients with a
+sIFE had a significantly shorter PFS (median PFS, 5-5 vs.
11 years; 10-year PFS, 42% vs. 52%, P = 0-008, Fig 1A).
Likewise, patients with a +sIFE were at a higher risk of
POD24 (27% vs. 15%, P = 0-02).

Fifty-five patients (18%) died during the time of follow-
up. Median OS for the entire cohort was not reached. As
seen for PFS, patients with a +sIFE had a shorter OS (59%
vs. 77% at 10 years, P = 0-046, Fig 1B). When causes of
death were evaluated, no significant disparities were found
according to the sIFE. Considering the differences in age dis-
tribution between patients with a +sIFE and —sIFE, and to
avoid attributing the adverse prognostic impact of a +sIFE
solely to the older age, we performed stratified Kaplan—-Meier
estimates of PFS and OS for patients < and >60 years. The
presence of a +sIFE retained its adverse prognostic impact
for PFS and OS in the older (P = 0-02 for both PFS and OS,
Fig 2B, D), but not in the younger age group (Fig 2A, C).

When categorizing patients with a +sIFE according to the
heavy-chain isotype, biclonal cases had a shorter OS
(P = 0-003 when compared with IgG cases, Fig 3A), whereas
the light-chain isotype did not have a significant impact on
OS (Fig 3B). The presence of immunoparesis was evaluated
in patients with +sIFE and —sIFE, and it was not an adverse
prognostic factor for OS in either of the groups (Figure S2).

We constructed multivariate models using Cox propor-
tional hazards regression (Table SIII). In the entire series, the
sIFE did not retain an independent prognostic impact for
PES or OS. However, when we applied the model only to
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Table I. Baseline characteristics of the 311 patients of the series, globally and according to the sIFE.

Serum immunofixation

All patients Negative Positive P
Number of patients, 1 (%) 311 (100) 229 (74) 82 (26) -
Age >60 years, n (%) 161 (52) 115 (50) 46 (56) 0-4
Female sex, n (%) 169 (54) 129 (56) 40 (49) 0-2
ECOG PS >2, n (%) 19 (6) 13 (6) 6 (7) 0-6
B symptoms, 1 (%) 41 (13) 30 (13) 11 (13) 09
Ann-Arbor stage III/IV, n (%) 236 (76) 169 (74) 67 (82) 0-2
Secondary extranodal involvement, n (%) 200 (64) 140 (61) 60 (73) 0-05
Bone marrow involvement, n (%) 168 (57) 120 (55) 48 (62) 0-3
Five or more lymph node areas, n (%) 91 (29) 63 (28) 28 (35) 0-2
Bulky mass*, n (%) 60 (19) 43 (19) 17 (21) 07
Histologic grade 1-2, n (%) 231 (74) 172 (75) 59 (72) 0-1
Ki67 index >30%, 1 (%) 115 (52) 91 (56) 24 (42) 0-08
Elevated serum LDH', n (%) 53 (17) 37 (16) 16 (20) 0-5
Elevated BZ—microglobulinT, n (%) 145 (47) 95 (42) 50 (62) 0-002
Haemoglobin <120 g/L, n (%) 63 (20) 43 (19) 20 (24) 0-3
High-risk FLIPI score, n (%) 73 (24) 48 (21) 25 (31) 0-08

P values in bold indicate statistical significance. ECOG PS, Eastern Cooperative Oncology Group Performance Status; LDH, lactate dehydrogenase;

FLIPI, Follicular Lymphoma International Prognostic Index; sIFE, serum immunofixation electrophoresis.

*Bulky disease was defined as a mediastinal mass larger than 1/3 of the mediastinal width, or a lymph node mass larger than 10 cm in the hori-

zontal section of the computed tomography scan.

TAbove the upper normal limit for the laboratory of Hospital Clinic de Barcelona.

Table II. Immunochemical features for the 82 patients with a +sIFE.

Immunoglobulin isotype (serum), n (%)

IgG-k 21 (25)
IgG- 20 (24)
IgM-x 12 (15)
IgM-\ 9 (11)
IgA-k 4 (5)
IgA-A 0
Only free x light chains 0
Only free A light chains 9 (11)
Biclonal* 7 (9)

Serum monoclonal component, n (%)
Information not available 43 (52)

Non-measurable 33 (40)

Measurable’ 6 (8)

Light-chain concordance with lymph node¥, 1 (%)

Information not available 44 (54)
Concordant 26 (32)
Discordant 12 (14)

sIFE, serum immunofixation electrophoresis; Ig, immunoglobulin.
*Biclonal cases were: IgG-k + free A light chains (3), IgM-k + IgG-A
(2), IgA-x + IgG-x (1), IgM-k + IgM-A (1).

fCases with a measurable serum monoclonal component (sMC) had
a median sMC concentration of 2-7 g/L (range, 1-8-3-9 g/L).

*Four biclonal cases (IgG-k + free A light chains, IgM-k + IgG-),
IgA-k + IgG-k, and IgG-x + free A light chains) had lymph node
information, and they were all considered concordant.

patients >60 years, we found that a +sIFE was an indepen-
dent predictor of OS (HR = 2-4, 95% CI: 1-2-5-0, P = 0-02),
along with the presence of B symptoms and the ECOG PS.

Risk of histological transformation and of second
malignancies

Histological transformation to DLBCL was seen in 19
patients (6%). For the entire series, the median time to HT
was 1-8 years (range, 3 months—14-3 years), and the 10-year
risk of HT was 8% (95% CI, 4-13%). The cumulative inci-
dence of HT was not significantly different according to the
sIFE (Figure S3A).

A second tumour was identified after the diagnosis of FL in
33 patients (11%). Haematological malignancies were the most
frequent type of SM, which accounted for 20% of cases [five
patients, treated with fludarabine (1), R-CHOP (rituximab,
cyclophosphamide, doxorubicin, vincristine and prednisone;
2), R-CVP (rituximab, cyclophosphamide, vincristine, and
prednisone; 1), and FCM (fludarabine, cyclophosphamide and
mitoxantrone; 1)]. No patient developed an overt multiple
myeloma or other malignant monoclonal gammopathy during
the time of follow-up. The median time to the development of
a SM was 4-5 years (range, 1 month—16-5 years), with a 10-
year risk of developing a SM of 16% for all patients. Patients
with a —sIFE and +sIFE had similar rates of SM (Figure S3B).

Discussion

Considering the heterogeneous clinical behaviour of FL, and
with the intention of better predicting early relapse, HT and,
eventually, lymphoma-related death, many clinical and bio-
logical variables have been studied. In this regard, the pres-
ence of a sMC in chronic lymphoproliferative disorders has

© 2020 British Society for Haematology and John Wiley & Sons Ltd
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Table III. Treatment, response, and outcomes for the 311 patients of the series.

Serum immunofixation

All patients Negative Positive P

Watchful waiting for >6 months, n (%) 78 (25) 56 (25) 22 (27) 0-7
Received treatment during follow-up, n (%) 279 (89) 203 (89) 73 (89) 0-9

Rituximab-containing frontline regimen, n (%) 239 (87) 173 (85) 66 (90) 0-3

Single-agent rituximab, n (%) 47 (15) 33 (14) 14 (17) 0-7

Frontline treatment with R-CHOP, n (%) 129 (47) 95 (47) 34 (47)
CR rate, 1 (%) 197 (71) 147 (72) 50 (69) 05
POD24, n (%) 51 (19) 31 (15) 20 (27) 0-02
PES, % at 10 years (95% CI) 49 (40-57) 52 (42-63) 42 (29-61) 0-008
0S, % at 10 years (95% CI) 72 (65-80) 77 (69-85) 59 (45-78) 0-045
HT, % at 10 years (95% CI) 8 (4-13) 7 (3-13) 11 (4-21) 0-2
SM, % at 10 years (95% CI) 16 (11-23) 16 (10-24) 16 (6-28) 09

R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone; CR, complete response; POD24, progression of disease within
24 months of initiating frontline therapy; PES, progression-free survival; OS, overall survival; HT, histological transformation; SM, second malig-

nancies; CI, confidence interval. P values in bold indicate statistical significance.
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Fig 1. Progression-free (A) and overall survival (B) according to the serum immunofixation electrophoresis (sIFE). [Colour figure can be viewed

at wileyonlinelibrary.com]

been identified as an adverse prognostic factor, notably in
DLBCL.14,16,17

We studied data on sIFE at diagnosis in our cohort of 311
patients with FL and found a sMC in 26% of them, a similar
prevalence to that reported for other indolent lymphomas.'®
This subset of patients exhibits comparable clinical and bio-
logical baseline features to patients with a —sIFE (including
FLIPI score), with the exception of a higher frequency of ele-
vated B2M levels. In our series, IgG constituted the most

© 2020 British Society for Haematology and John Wiley & Sons Ltd

commonly detected heavy-chain isotype (49%), with a simi-
lar distribution of k and A light chains, which contrasts with
previous reports studying other indolent lymphomas, where

IgM was the most frequent isotype,'>*

although the major-
ity of cases in those series were aggressive NHLs. Most cases
where the serum concentration of the monoclonal protein
was available did not produce an identifiable spike on the
sPEP plot, while all the quantifiable cases had a low concen-

tration sMC (<4 g/L).
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Fig 2. Progression-free according to serum immunofixation electrophoresis (sIFE) for patients younger (A) and older than 60 years (B). Overall
survival according to sIFE for patients younger (C) and older than 60 years (D). [Colour figure can be viewed at wileyonlinelibrary.com]

We found that a non-negligible proportion of patients different from the circulating light chain by sIFE. When
who had a repeated sIFE during follow-up had a serum Ig studying survival according to the Ig isotypes, we could not
different from that identified at diagnosis. Likewise, 32% of identify significant differences in outcome between IgG and
cases had a light-chain restriction in the lymph node biopsy IgM cases, in contrast to the unfavourable impact of an IgM

6 © 2020 British Society for Haematology and John Wiley & Sons Ltd
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sMC on PFS found by Maiolo and colleagues in DLBCL.*’
However, cases with a biclonal serum Ig did have a poorer
OS compared with IgG cases.

Although the biological explanation of these findings
remains elusive and no previous study has addressed this
point, it is reasonable to hypothesize that the immunological
processes that promote tumour development in B cells, as
well as the interactions with the tumour microenvironment
(TME),”* might induce a state of immune deregulation,
which could explain the presence of more than one single Ig
isotype at diagnosis (biclonal cases), the discordant light-
chain restriction between the serum and the lymph node,
and the emergence of a different Ig isotype during follow-up.

In contrast with previous reports in DLBCL patients,’” in
our series, patients with a +sIFE achieved a comparable rate of
CR after similar frontline treatment regimens. Preceding stud-
ies reported a trend towards a better survival for indolent lym-
phoma patients with a sMC,'? whereas we identified an impact
in the opposite direction concerning the fraction of POD24
patients, PFS, and OS, which is in line with recent studies rec-
ognizing the +sIFE as an adverse prognostic factor in
DLBCL.">™'”* This apparent discrepancy with the findings by
Economopoulos and colleagues might be explained by the low
number of patients with indolent lymphoma included in that
study, the histological heterogeneity within the indolent lym-
phoma group, and the absence of rituximab treatment for his-
torical reasons.

No previous study had described a differential distribution
of a +sIFE according to age in patients with lymphoma.

© 2020 British Society for Haematology and John Wiley & Sons Ltd

Besides identifying an increasing proportion of patients with
a +sIFE in consecutive age groups, we observed that the
impact of the sIFE on PFS and OS remained only for older
patients, likely due to the lower number of +sIFE cases in
the younger subgroup. Moreover, in a multivariate model, a
+sIFE was found to be an independent predictor of OS in
patients >60 years. Thus, the effect of a +sIFE on OS is not
exclusively attributable to the older age.

In conclusion, our study represents the largest series inves-
tigating the prevalence and prognostic impact of a sMC in
FL. A +sIFE is found in approximately one quarter of
patients at diagnosis. Despite comparable baseline, treatment,
and response features, patients with a +sIFE have shorter PFS
and OS, and this impact is stronger in older patients. With
the limitations inherent to single-centre, observational stud-
ies, which warrant validation in external cohorts, our find-
ings support further investigation of the relationship between
the sMC, B-cell biology, immune deregulation, and the
tumour microenvironment.
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SUPPLEMENTARY MATERIAL

Supplementary Table 1. Inmunochemical features of the 311 patients of the series, globally and
according to the sIFE.

All Serum immunofixation
patients -sIFE +sIFE P
Serum IgG levels, n (%)
Decreased | 45 (15) 32 (15) 13 (17) NS
Normal | 240 (82) 177 (82) 63 (79)
Elevated | 10 (3) 6 (3) 3(4)
Serum IgA levels, n (%)
Decreased 18 (6) 11 (5) 7(9) NS
Normal | 256 (87) 193 (90) 63 (80)
Elevated | 20 (7) 11 (5) 9 (11)
Serum IgM levels, n (%)
Decreased | 36 (12) 28 (13) 8 (10) 0.03
Normal | 243 (83) 180 (84) 63 (80) '
Elevated 14 (5) 6 (3) 8 (10)
Immunoparesis, n (%) | 69 (24) 51 (24) 18 (23) NS

Ig, immunoglobulin; NS, not statistically significant; sIFE, serum immunofixation electrophoresis.
Immunoparesis was defined as a decreased level of at least one of the non-involved Ig (for patients
with +sIFE), and of any Ig for patients with —sIFE.
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Supplementary Table 2. Univariate and multivariate analyses for PFS and OS using Cox
proportional hazards regression, for all patients of the study.

PFS (264 cases, 94 events) OS (308 cases, 53 events)
isk Univariate Multivariate Univariate Multivariate
Parameter Ris analysis analysis analysis analysis
category pp HR HR HR
(95% P (95% P (95% P (95% P
Cl) Cl) Cl) Cl)
Sex Male 14 NS NI2 1.6 NS NIa
Age >60 years 1.7 0.01 NP 3.8 | <0.0001 NIP
Ann-Arbor -1V 15 NS NJab 23 | 0049 ND
stage

B symptoms Present 2.6 0.0001 2.2 0.003 3 0.0002 1.5 NS

ECOG PS >2 4.4 <0.0001 35 <0.001 5 <0.0001 34 | 0.001
Bulky mass Present 13 NS N2 1.3 NS INIE
No. of nodal >4 16 | 0049 NIb 23 | 0003 NIb
sites
'”ter:‘id'ate 18 | 002 14 39 | 00004 | 37
FLIPI score 2.3 NS 0.001
High risk (1.4- 0.001 1.3 5.8 <0.0001 43
3.9)

Haemoglobin <120 g/L 0.9 NS Nlab 1.1 NS Nlab
LDH Above ULN 1.5 NS Niab 1.2 NS NJab
B2M Above ULN 1.8 0.007 14 NS 2.6 0.001 1.6 NS
sIFE Positive 1.8 0.009 1.7 0.02 1.8 0.049 14 NS

ECOG, Eastern Cooperative Oncology Group Performance Status; FLIPI, Follicular Lymphoma
International Prognostic Index; LDH, lactate dehydrogenase; B2M, 2-microglobulin; NI, not included
in the multivariate model; Cl, confidence interval; HR, hazard ratio; NS, not statistically significant; PFS,
progression-free survival; OS, overall survival; ULN, upper limit of normal; sIFE, serum immunofixation
electrophoresis.

2 Due to absence of statistical significance in the univariate analysis. ® To avoid redundancy with the
FLIPI score.
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Supplementary Table 3. Univariate and multivariate analyses for PFS and OS using Cox proportional
hazards regression, only for patients >60 years.

PFS (137 cases, 58 events) OS (159 cases, 40 events)
Risk Univariate Multivariate Univariate Multivariate
Parameter ¢ s analysis analysis analysis analysis
category  mHr HR HR HR
(95% P (95% P (95% P (95% P
Cl) Cl) Cl) Cl)
Sex Male 1.3 NS NI2 13 NS NI2
Ann-Arbor -1V 16 NS NJab 15 NS NJab
stage
B symptoms Present 53 <0.0001 3.7 | 0.0006 74 <0.0001 4.8 0.0006
ECOG PS >2 4.4 0.0002 2.3 NS 10.8 | <0.0001 6 0.001
Bulky mass Present 13 NS NI2 1.8 NS N2
No. of nodal >4 14 NS N 2 0.04 NIb
sites
'“te”:‘sid'ate 19 NS 16 18 NS 16
FLIPI score ! NS NS
High risk 2.5 0.02 14 3.1 0.02 1.3
Haemoglobin <120 g/L 1.1 NS Njab 1.2 NS NIab
LDH Above ULN 1.3 NS Nlab 0.8 NS N|ab
B2M Above ULN 2 0.02 1.5 NS 2.8 0.003 2 NS
sIFE Positive 1.9 0.02 17 NS 2.3 0.02 2.7 0.007

ECOG, Eastern Cooperative Oncology Group Performance Status; FLIPI, Follicular Lymphoma
International Prognostic Index; LDH, lactate dehydrogenase; B2M, 2-microglobulin; NI, not included
in the multivariate model; Cl, confidence interval; HR, hazard ratio; NS, not statistically significant; PFS,
progression-free survival; OS, overall survival; ULN, upper limit of normal; sIFE, serum immunofixation
electrophoresis.

2 Due to absence of statistical significance in the univariate analysis. ® To avoid redundancy with the
FLIPI score.
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Supplementary Figure 1. Prevalence of a +sIFE according to age.

Prevalence of +sIFE at FL diagnosis
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sIFE, serum immunofixation electrophoresis; FL, follicular lymphoma; y, years.
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Supplementary Figure 2. Overall survival according to the presence of immunoparesis in patients
with a negative (A) and positive (B) serum immunofixation electrophoresis.
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sIFE, serum immunofixation electrophoresis. Immunoparesis was defined as a decreased level of at
least one of the non-involved Ig (for patients with a +sIFE), and of any Ig for patients with a —sIFE.
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Supplementary Figure 3. Forest plots of the Cox regression models for PFS (A) and OS (B) in
patients >60 years.
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Oncology Group Performance Status; sIFE, serum immunofixation electrophoresis; B2M, PB,-
microglobulin; ULN, upper limit of normal; FLIPI, Follicular Lymphoma International Prognostic Index.



Supplementary Figure 4. Cumulative incidence of histological transformation (A), and of second

malignancies (B), according to the sIFE.
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Perfil mutacional y alteraciones en el numero de copias en
pacientes con linfoma folicular y diferente comportamiento clinico

Nota

Hemos considerado pertinente afiadir al conjunto de la tesis los resultados de este quinto estudio,
todavia no publicado, pero que complementa los otros cuatro desde una vertiente mas biologica.
Asi pues, presentamos los datos del presente articulo, que se encuentra en proceso de

preparacion.

Resumen

Los pacientes diagnosticados de linfoma folicular (LF) se caracterizan por un comportamiento
clinico variable: algunos no requieren tratamiento o presentan respuestas duraderas, mientras
que otros recaen de manera precoz o experimentan una transformacion histolégica. Aunque la
informacion sobre la gendmica de la enfermedad es extensa, poco se conoce sobre las
alteraciones genéticas especificas de pacientes con un comportamiento clinico concreto. En
nuestro estudio, seleccionamos 56 pacientes diagnosticados de LF grado 1-3A segln su
necesidad de tratamiento o duracién de la respuesta: nunca tratados (7), no recaidos (19), recaidos
tardios (14), recaidos precoces o POD24 (11) y primariamente refractarios (5). Extrajimos DNA de
56 muestras de ganglio linfatico al diagndstico y de 12 a la recaida, y realizamos estudio de
alteraciones en el nimero de copias y secuenciacibn masiva. Las regiones o genes mas
frecuentemente alterados fueron KMT2D (79%), CREBBP (67%), TNFRSF14 (46%), BCL2 (40%), y la
pérdida de heterocigosidad de 1p36.33 (27%). ldentificamos hotspots mutacionales conocidos y
otros descritos por primera vez y establecimos una jerarquia cronoldgica para algunas
alteraciones. CARD11 y JUNB estaban mas frecuentemente alterados en pacientes que nunca
requirieron tratamiento, y PIM1 se asocié con una duracion de la respuesta mas corta. Finalmente,
llevamos a cabo un modelado proteico de ciertos genes (CD79B, PLCGZ2, PIM1, MCL1, and IRFS8).
Estos hallazgos profundizan en el conocimiento de la genémica que subyace a la heterogeneidad
de pacientes con LF. Si se replican en cohortes amplias de pacientes, podrian contribuir a la

estratificacion prondstica y al desarrollo de terapias dirigidas.
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Abstract

Patients with follicular lymphoma (FL) exhibit a variable clinical behavior. While some of them
do not require treatment or experience prolonged responses, others relapse early or undergo
histological transformation. Although extensive data exist on the genomics of the disease, little
is known about genetic alterations specific to patient groups with a particular clinical behavior. In
our study, we carefully selected 56 grade 1-3A FL patients according to their need of treatment
or timing of relapse: never treated (7), non-relapsed (19), late relapse (14), early relapse or
POD24 (11), and primary refractory (5). We extracted DNA from 56 diagnostic and 12 relapse
lymph node biopsies, and performed copy number alteration (CNA) analysis and next
generation sequencing (NGS). The most frequently altered genes or regions were KMT2D
(79%), CREBBP (67%), TNFRSF14 (46%), BCL2 (40%), and 1p36.33 copy-neutral loss of
heterozygosity (27%). We identified known and novel mutation hotspots, and we established a
chronological hierarchy for some alterations. CARD11 and JUNB were more frequently altered
in patients who never needed treatment, and PIM1 alterations were associated with a shorter
duration of response. Finally, we performed protein modeling of selected genes, including
CD79B, PLCG2, PIM1, MCL1, and IRF8. These data expand the knowledge on the genomics
behind the heterogeneous FL population. Upon replication in larger cohorts, they could

contribute to risk stratification and the development of targeted therapies.
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Introduction

Survival for patients diagnosed with follicular lymphoma (FL), the most common indolent B-cell
lymphoma, is now prolonged’. However, the continuous pattern of relapses?, early relapse?®, and
histological transformation (HT)* remain challenges which compromise patients’ life expectancy

and quality of life.

FL is characterized by the genetic hallmark t(14;18)(q32;921), involving the BCL2 oncogene
and the immunoglobulin heavy chain (IGH) locus. Deregulation of BCL2 is an early but not
sufficient event to drive FL lymphomagenesis®. Additional genetic abnormalities, such as
somatic mutations in chromatin-modifying genes KMT2D, CREBBP, and EZHZ2 are
subsequently acquired, with a prominent role in the development, progression, relapse, and HT
of FL8". Concerning copy number alterations (CNA), losses in 1p36, 6q, 10q, 13p, 17p, and
gains in 1q, 2p, 7, 8, 12q, 18q, and trisomy X have been described and correlated with
prognosis'>'4. In an effort to identify higher-risk patients, prognostic indexes have been
developed™, including clinical'®, molecular'-'8, or both types of data'’. Pastore and colleagues
recently developed a prognostic score, the m7-FLIPI, integrating the mutational status of seven
genes (EHZ2, ARID1A, MEF2B, EP300, FOXO1, CREBBP, and CARD11), along with the
Follicular Lymphoma International Prognostic index (FLIPI), and Eastern Cooperative Oncology
Group (ECOG) performance status. Nonetheless, the m7-FLIPI did not integrate CNA
information, which has recently been used to risk-stratify patients independently of clinical
parameters'®. Additionally, the gene expression profile of 23 genes has also been shown to
predict the outcomes of FL patients. To date, however, frontline treatment strategies are not

tailored to the result of these scores.

Despite the existence of genomic data on FL, the underrepresentation of specific prognostic
groups of patients in unselected cohorts hampers the identification of clinically relevant genetic
alterations. Therefore, herein we investigated the genomic abnormalities, using targeted next
generation sequencing (NGS) and copy number analysis, of a total of 56 FL patients

categorized into five groups according to their clinical behavior.

Patients and Methods

Patients

We selected 56 grade 1-3A FL patients diagnosed at a single institution between 1997 and
2015 who met prespecified criteria concerning their need of treatment and timing of relapse
(Supplementary Table 1). Patients with the following entities were not included in the study:
grade 3B FL, primary gastrointestinal or cutaneous FL, composite lymphoma (FL/ diffuse large
B-cell ymphoma -DLBCL-), or patients developing HT during follow-up. The never treated (NT)
group was composed of seven patients who did not require treatment with a minimum follow-up
of 5 years (range, 5.4-14.2 years). Nineteen patients were treated with immunochemotherapy

(ICT), achieved a complete response, and did not relapse (NR) during at least 10 years of
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follow-up (range, 11.5-17.8 years). The late relapse (LR) group was made up of 14 patients
treated with ICT, who achieved a complete or partial response, and progressed or relapsed
beyond two years after frontline treatment (range, 2.1-7 years). Eleven patients were treated
with ICT, achieved a complete or partial response, and progressed or relapsed within two years
of frontline treatment initiation (early relapse -ER- or POD243), and five patients were primary
refractory (PR) to frontline (immuno)chemotherapy. All patients had an available lymphoid tissue
biopsy from the time of diagnosis. Additionally, six patients from the LR and six from the ER
group had an available biopsy from the first relapse. The study was designed according to the

Declaration of Helsinki and was approved by our Institutional Review Board.

We extracted DNA and RNA from 54 formalin-fixed, paraffin-embedded (FFPE) and two fresh
frozen (FF) diagnostic samples, and from 11 FFPE and one FF relapse samples using the

AllPrep DNA/RNA FFPE Kit (Qiagen, Germany), according to the manufacturer’s instructions.

Clinical endpoints and statistical methods

Computed tomography, with or without positron emission tomography, and unilateral bone
marrow biopsy were used for staging and response assessment purposes. Definitions of
response to frontline treatment were the standard®. Progression-free survival (PFS) was
calculated from the initiation of frontline treatment to relapse or death from any cause, only for
treated patients. Overall survival (OS) was calculated from diagnosis to last follow-up or death
from any cause. Quantitative variables were compared among groups by means of ANOVA or
Kruskal-Wallis tests. Fisher's exact test was used to compare categorical variables. Statistical

significance was defined as a P value <0.05.

Histological review

The diagnosis of grade 1-3A FL had been established at the time of consultation by
experienced hematopathologists and underwent histological review upon inclusion in the study
according to the 2017 World Health Organization classification?'. Morphology, growth pattern,
cytology, and immunohistochemical staining for CD20, CD79a, BCL6, BCL2, CD10, CD3, and

Ki67 were evaluated in FFPE tissue sections.

BCL2 translocation

The BCL2 rearrangement was assessed by polymerase chain reaction (PCR, especially when
performed during the diagnostic workup), or by fluorescence in situ hybridization (FISH) using
locus-specific identifier (LSI) BCL2 dual color, break apart and/or dual color, dual fusion IGH-
BCL2 probes (Supplementary Table 2 and Supplementary Figure 1). Additionally, FISH studies
were performed using LSI BCL6 break apart and LS| MYC break apart probes in the 12 relapse
samples and their respective diagnostic samples when breaks in BCL6 or MYC were detected
in relapse samples. All the FISH probes were provided by Abbott Molecular and/or

MetaSystems. At least 100 nuclei were examined for each probe whenever possible. Digital
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image acquisition, processing, and evaluation were performed using ISIS digital image analysis

version 5.0 (MetaSystems).

Copy number analysis and next generation sequencing

CNA were analyzed in 56 diagnostic and 12 relapse samples using the Oncoscan CNV FFPE
assay. Nexus version 9.0 Discovery Edition software (Biodiscovery, El Segundo, CA) was used
for analysis and visualization of results. GISTIC algorithm (2.0.23) was used to identify driver
CNAZ?2, The cancer cell fraction (CCF) was calculated from the B-allele frequency (BAF) and

corrected for the purity of the sample obtained using ASCAT (Supplementary Methods).

The mutational status of 121 genes recurrently altered in B-cell lymphoma was examined in 55
of 56 diagnostic and 10 of 12 relapse samples (NGS data for diagnostic sample FL027, and
relapse samples FL027e and FL0O34e were not available) by means of a custom targeted NGS
panel (Supplementary Table 3). Libraries were generated from 150 ng of DNA, using molecular-
barcoded library adapters (ThruPLEX Tag-seq kit; Takara) coupled with a custom hybridization
capture-based method (SureSelectXT Target Enrichment System Capture strategy, Agilent
Technologies) and sequenced in a MiSeq instrument (lllumina, 2x150 bp). The bioinformatic
analysis was performed using an updated version of our in-house pipeline, described in
previous publications?® (Supplementary Methods). The CCF of the single nucleotide variants

(SNVs) and indels was calculated as described previously?*.

To perform an integrative genomic analysis, selected genes and genomic regions were
considered altered if they harbored single nucleotide variants (SNVs)/indels (small insertions
and deletions), and/or CNA (except copy-neutral losses of heterozygosity ~CN-LOH-, which
were not integrated with mutational data). Moreover, the chronological hierarchy of the genomic

aberrations was calculated from the clonality of each aberration as described previously?425.

U1 mutations
We investigated the g.3A>C mutations in U1 using a custom rhAMP SNP assay (Integrated
DNA Technology)?®. The assay was run in technical duplicates on a StepOnePlus instrument

(Applied Biosystems). Primer sequences are depicted in Supplementary Table 4.

Protein modeling

Selected variants were subjected to the Mechismo?” system, which identifies putative structures
or interaction interfaces affected by the corresponding protein changes. Where possible, we
considered available 3D structures? for the precise protein; otherwise, we constructed models
using Modeler?®. We assessed sequence conservation across orthologues using BLAST
searches against sequences for the closest matching orthologous group in the vertebrate clade
of the EggNOG database®'. For conservation across paralogues, we considered searches

against human sequences from Uniprot Sprot®2. We predicted unstructured (disordered) protein
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regions using IUPred®3. Domain figures were constructed using the Domain Diagram generator
from Pfam®, with domains assigned according to a consensus of Pfam-, Uniprot- or 3D
structure-based assignments. Sequence alignments were performed using MUSCLE® and
structural alignments and superimpositions by STAMP36. Gene enrichment was done using the

GetGo systems®’.

Results

Baseline features

Baseline and follow-up data of the patients can be found in Supplementary Table 5. Thirty-one
patients were female and 25 were male, and median age was 57 years (range, 26-79).
Seventy-five percent of patients (42/56) had advanced-stage disease, and 25% had a high-risk
FLIPI score. Histological grade was 1 or 2 in 78% of the patients. We detected BCL2
rearrangements in 87% (41/47) of the cases. Among the 48 patients who received treatment
during follow-up, 82% were treated with R-CHOP, and the complete response rate was 83%.
With a median follow-up of 12.9 years, 10-year OS was estimated at 79% (95% CI, 69-91).
Since patients were specifically selected according to their clinical behavior, OS was markedly

different among groups.

Copy number profile

We analyzed CNA using OncoScan arrays in 56 diagnostic (D) and 11 relapse (R) samples,
and obtained results in 64 samples (53 D and 11 R). CNA were detected in 97% (62/64) of the
samples, with a median of 5 CNA (range 0-26) for D samples, and of 5 (range 2-14) for R
samples. Considering only samples at D, we identified a total of 324 alterations, including 154
gains, 134 losses, 18 high copy gains, and 18 homozygous deletions (Figure 1). In addition, a

total of 89 copy-neutral losses of heterozygosity (CN-LOH) were detected.

The most recurrently gained regions (=3 cases) were 1q, 2p16, 12913-q15, 13q31-q32, 17q22.-
g24, 18p11-g21, as well as trisomy 2, 7, 8, 12, 18 and X. Recurrent losses were observed in
1p36, 6p21, 6914, 6923, 9p21, 10923, 13914, and 22g13. In addition, recurrent CN-LOH were
detected in 1p36, 6p25-p21, 12913, and 16p13. Using GISTIC we identified 5 driver CNA (g-
value <0.05) corresponding to losses on 1p36.32 (harboring TNFRSF14), 6p21.32 (HLA),
6q14.1 (TMEM30A), 6923.3 (TNFAIP3), 9p21.3 (CDKNZ2A/B), and 10qg23.33 (PTEN)
(Supplementary Table 6). We identified a chromothripsis-like pattern in four patients at
diagnosis (3/53, 6%) involving chromosomes 2, 6 and 12. We also detected this finding in one

patient who acquired the chromothripsis-like pattern upon relapse, affecting chromosome 1.

In addition to determining the BCL2 rearrangement by FISH and/or PCR, we mined the CN data
looking for the der(18)t(14;18). We identified gains of 18p11.32-q21.33, suggesting a gain of
der(18)t(14;18) in 8/53 (15%) samples. Mapping the breakpoints, we identified four cases
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harboring the breakpoint within BCL2, three cases downstream, and one case upstream of
BCL2.

Targeted sequencing and integrative analysis

A 121-gene custom targeted sequencing panel was used to analyze 65 FL samples (55 D and
10 R) at a median coverage of 220x (range 12.8x-1417x, Supplementary Table 7), and 98% of
the targeted regions at a median coverage of at least 100 reads. We aimed for a minimum
coverage of 50x per patient, which led to the exclusion of FL052 from the analysis. Overall, the
median number of SNV/indels per case was 13 (range 1-32) for diagnostic samples (n=54),
and 17 (range 9-22) for relapse samples (n=10). We then integrated the CNA, SNVs, and
indels, and identified that the genes or regions with an alteration rate greater than 20% at
diagnosis were KMT2D (79%), CREBBP (67%), TNFRSF14 (46%), BCL2 (40%), 1p36.33 CN-
LOH (27%), ARID1A (25%), TNFAIP3 (23%), EP300 (21%), trisomy 7 (21%), 1q gain (21%),
and 16p13.3-16p13.2 CN-LOH (21%) (Supplementary Table 8 and Figure 2). We identified
hotspot mutations in epigenetic modifier genes (MEF2B, EZH2, CREBBP and BCL7A)%17:38:39,
genes related to signaling and B-cell differentiation (STAT6 and POU2F2)*%41, and the BCR/NF-
kB pathway (RRAGC).*2.

To gain a deeper understanding on the evolutionary history of FL, we examined the temporal
order of genomic alterations in diagnostic samples of FL. We found that the majority of early
mutations corresponded to genes related to epigenetic/transcription and apoptosis/proliferation,
such as KMT2D, EP300, CREBBP, HIST1H1E, BCL7A, and TNFRSF14 (Supplementary Table
9). In addition, 16p13.3-p13.2 CN-LOH was also identified as an early event. In contrast, late
aberrations involved genes related to the two abovementioned pathways, such as BCL2,
together with genes related to ubiquitination and signaling like SOCS1, CARD11, CD79B, and
PIM1. Moreover, chromosomal gains in 1q, 2p16.1 (REL) and 18p11.32-q21.33, trisomy 7, and

trisomy X were also acquired late in the FL evolution.

We then explored co-occurrence and mutual exclusivity of genetic alterations within the 52
diagnostic samples which had available NGS and CNA information (Figure 3). Aberrations such
as FAS with PTEN, and 12q13.12-q13.13 CN-LOH with 12921.33-g24.33 CN-LOH co-occurred
significantly (Q <0.05). We also identified a significant co-occurrence between PIM1, CD79B,
and BTG2 (Q <0.1), especially in cases that relapsed early (Supplementary Figure 2).
Moreover, we detected a significant co-occurrence of other several alterations (Q <0.2),
including TNFAIP3 and 1q gain, 1q gain and 12921.33-g24.33 CN-LOH, 6p25.3-p21.33 CN-
LOH and MEF2B, HIST1HD and EZH2, and 12q21.33-924.33 and CD79B. We investigated the
aberrations affecting the genomic region 6q, and identified co-occurrence between PRDM1 and
SGK1 (Q <0.05), as well as between SGK71 and TNFAIP3, TNFAIP3 and TMEM30A, and
TMEM30A and PRDM1 (Q <0.2) (Supplementary Figure 3). Combining SNVs, indels and CNA,
we identified that all the genes located in the 6q region (which were typically deleted) were also
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altered by SNVs, with the exception of TMEMS3O0A. Interestingly, we identified biallelic

inactivation of TNFAIP3 in three cases, and of the SGK17 locus in one case.

Alterations according to the clinical group, need of treatment and timing of relapse

To elucidate the role of genomic aberrations in FL, we analyzed the prevalence and distribution
of altered genes according to the clinical group. Although no significant differences were found
in the number of SNV/indels or CNA among the five groups, we found that CARD11 was more
frequently altered in patients who never required treatment (NT) compared to those from the
other four groups (43 vs. 9%, P = 0.043), as was JUNB (29 vs. 0%, P=0.016). All the genomic
variants identified in CARD11 where located in the coiled-coil protein domain, essential for the
interaction of this cytoplasmic scaffolding protein relevant for NF-kB activation*® with the

paracaspase domain of MALT144.

PIM1 mutations were more frequently found in ER/PR cases (n=5, 33%) than in in NT/NR/LR
cases (n=1, 3%, P=0.006). When only the 48 treated patients were considered, FOXO1
mutations were associated with a decreased PFS [HR 5.5 (95% CI 1.6-19.4), P=0.008].
Univariable Cox regression showed a negative impact on OS for FOXO1 mutations [HR 4.9
(95% CI 1.1-22.8), P=0.042], as well as a trend towards poorer OS for the 8 cases with
TMEM30A alteration [HR 2.9 (95% CI 0.9-9.5), P=0.076]. Our dataset was not powered to
perform multivariable analyses, due to the number of cases and heterogeneity of baseline

features.

Clonal evolution: analysis of paired samples

To investigate the clonal evolution of FL, we studied the presence of genetic alterations in the
11 patients with paired samples between diagnosis and relapse, using NGS and/or CNA
analysis. No significant differences were found in the number of SNV/indels or CNA, or in the
alteration rate of specific genes or regions between diagnosis and relapse. We detected a total
of 146 shared aberrations. Relapse samples harbored a median of 70% of shared aberrations.
All sample pairs were characterized by the presence of an ancestral common precursor cell
(CPC), pointing towards a clonal relationship between the initial and the relapse FL clones
(Figure 4).

Considering all paired samples analyzed by NGS and CNA (n=9), apart from the shared
alterations, we detected some other ones that were unique either to the diagnosis or the
relapse, indicating a divergent evolution. We also investigated the presence in the CPC of early
alterations identified in our study. In all the paired samples the CPC harbored early oncogenic
alterations including KMT2D (7/9), 16p13.3-p13.2 CN-LOH (5/7), CREBBP (5/7), TNFRSF14
(4/9), and EP300 (3/9) (Supplementary Figure 4). Moreover, when we analyzed samples
according to the timing of relapse, we identified that the late relapse (LR) samples were

characterized by the presence of IRF8 mutations in the CPC, which were not detected in the
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CPC of early relapse (ER) samples. We also found that the ER group had a percentage of
shared aberrations, on average, 13.61 points higher than the LR group (IC 95%: 0.14-27.07,
P=0.048) (Supplementary Figure 5).

We assessed the presence of translocations affecting MYC and BCL6 using FISH in relapse
samples from 10 patients. BCL6 rearrangements were identified in two relapse samples (FL029
and FLO47). In patient FL029, the BCL6 translocation was already present at diagnosis (FISH
for the diagnostic sample of patient FLO47 was not available). In contrast, MYC rearrangement

was acquired upon relapse in one patient (FL051).

U1 mutations
We explored the presence of somatic mutations in the third base (g.3A>C) of the U1 small
nuclear RNAs (snRNAs) in 51 diagnostic and 11 relapse samples. We identified an acquired

g.3A>C mutation only in the relapse sample of patient FL034 (Supplementary Table 2).

Protein modeling of selected mutations

We modeled proteins encoded by various genes relevant to B-cell biology. Concerning CD79B,
a protein responsible for mediating immune signals, three different variants were detected,
p.lle54Arg in 4 cases, and p.As118Thr and p.Ala206fs in one case each. The frameshift variant
p.Ala206fs lies in immune receptor tyrosine-based activation motifs (ITAM) and is
phosphorylated by SRC-family kinases, including LYN, FYN and BLK*. This deletion will likely
ablate this interaction, thus leading to a receptor that is no longer signaling normally. On the
other hand, the two missense variants, p.lle54Arg and p.As118Thr, are likely to disrupt the
structure of the extracellular domain that is responsible for binding to CD79A and thus the

formation of the signaling complex.

We identified three missense variants in PLCG2, a gene encoding a protein that is crucial for
antigen-stimulated BCR signaling through BTK activation. Variants involved the EF-hand region
(p.Leu163Phe and p.Pro236Leu), and C2 domain (p.Thr1152Pro) (Figure 5A).

Regarding cytokine signaling, PIM1 is a proto-oncogene encoding a serine/threonine kinase
that has been implicated in many cancers, by promoting cell survival through transcriptional
activation of genes involved in cell proliferation“®. We identified a total of three different
missense variants located in the kinase catalytic domain (p.Thr114lle in four cases,
p.Ser188Asn and p.GIn218Glu in one case each), suggesting an activating effect of the PIM1

protein.

On the other hand, MCL1 is a member of the Bcl-2 family of proteins involved in the regulation
of apoptosis. Interestingly, both variants identified in our study, p.Glu110Gly (three cases) and

p.Leu160lle (one case), lie in the PEST region and are close to the phosphorylation sites
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involved in the stability of the protein*’ (Supplementary Figure 6). This argues that both

positions likely disrupt the local structure.

Finally, we detected a total of six mutations in /IRF8, corresponding to four frameshift and two
missense variants. The frameshift variants were clustered on the C-terminal region of the IRF8
protein, a region known to be responsible for binding to the SPRY domain of TRIM214® (Figure
5C). In contrast, missense variants were located in the SMAD domain. Frameshift in the C-
terminal region have been seen previously*®, and in our study were identified in the LR group.
The frameshifts at this specific position argue an importance for the loss of the IRF4-TRIM21
interaction. Regarding the two SNVs in IRF8, the p.Val287Met and p.Glu335Lys, disturbed the
IRF4 protein affecting the structure conformation and disrupting the charge balance,

respectively.

Discussion

Patients diagnosed with FL, the most common indolent B-cell lymphoma, usually have
prolonged survival. However, the population is highly heterogeneous, with some patients
exhibiting aggressive and chemotherapy-resistant behavior or histological transformation, and
others achieving durable remissions after treatment. The ability to stratify FL patients according
to their risk at diagnosis is becoming increasingly important for predicting their outcome and
selecting the most appropriate therapy. Here, we assessed the genomic alterations (gene
mutations, CNA, and translocations) of a series of FL patients selected according to their clinical

behavior, specifically, the need of treatment and duration of response to frontline therapy.

The copy number profile that we identified was typical for FL, including gains in 1q, 2p16.1
(BCL11A), 12913.13-9q15, 13931.3-932.3 (MIR17HG), and 18p11.32-9q21.33, trisomies of
chromosomes 2, 7, 8, 12, 18, and X as well as losses in 1p36.32 (TNFRSF14), 6q14.1
(TMEM30A), 6923.3 (TNFAIP3), 9p21.3 (CDKN2A/B), 10923 (PTEN), and 13914.2-914.3
(DLEU1/2). Although recent studies based on arrays described that an increased genomic
complexity was associated with poor outcome in FL'®, we could not demonstrate a significantly
different copy number profile or genomic complexity according to the clinical behavior.
Nonetheless, we determined 5 driver CNA affecting genomic regions relevant to the
pathogenesis of FL, namely 1p36.32 (TNFRSF14), 6p21.32 (HLA), 6q14.1 (TMEM30A), 6q23.3
(TNFAIP3), 9p21.3 (CDKN2A/B), and 10923.33 (PTEN).

In line with previous studies®, we observed that the genetic landscape of FL is characterized by
alterations in epigenetic modifiers (KMT2D, EP300, CREBBP, EZH2, ARID1A), proliferation and
apoptosis (BCL2, TNFRSF14), and BCR signaling (TNFAIP3). We have determined that
recurrent alterations in epigenetic modifiers such KMT2D, EP300, CREBBP, HIST1HE, BCL7A,
and apoptosis (TNFRSF14), are early events in the evolution of the disease, in contrast to
alterations in ubiquitination and signaling (SOCS1, CARD11, CD79B, and PIM1), which emerge
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later. We thus corroborated the findings by previous studies reporting that somatic mutations in
CREBBP and KMT2D are enriched in the common precursor cell (CPC) and are early driver
events®5':52_ Although alterations in epigenetic modifiers are early and very prevalent events in
FL, they are not sufficient to give rise to a lymphoma®-5°. Interestingly, in the present study we
detected the co-occurrence of relevant alterations like PIM1, CD79B and BTG2. This putative
cooperation might be relevant, since they involve different pathways [JAK-STAT signaling
(PIMT1), BCR (CD79B), and proliferation (BTG2)] and were more prevalent in cases
experiencing an early relapse, indicating a possible role in the aggressive clinical behavior of

those patients.

Despite the limited number of cases included in our study, we found that some genetic
alterations were associated with different clinical patterns. Indeed, CARD11 and JUNB
alterations were more frequent in patients who never required treatment, and cases with a short
duration of response were enriched in PIM1 mutations. Furthermore, FOXO1 and TMEM30A
deletions were associated with decreased OS. These findings are in line with observations in
other settings®¢-58 and, though preliminary, pave the way for further exploration in larger cohorts

of patients.

Phylogenetic studies of paired diagnostic/relapse samples showed distinct patterns, including
linear/sequential, divergent, and complex evolution’. Despite the low number of cases with
paired samples in our study, we have identified the presence of an ancestral CPC, in addition to
genomic alterations that were specific to diagnosis or relapse, suggesting a divergent evolution
in all patients. Moreover, we revealed that the cases relapsing early harbored a higher number
of shared aberrations than those with a late relapse, corroborating the findings reported by
Kridel and colleagues® describing that early relapses are caused by clones already detected at

diagnosis, with only slightly clonal dynamics.

Although NGS technologies have increased the knowledge about the genetic landscape of FL,
non-coding mutations remain poorly understood. Recurrent variants in noncoding splicing
factors, such as SF3B1 and SRSF2 have been previously described across different types of
cancers®®. Mutations in the small nuclear RNA U1, specifically at the third base (g.3A<C), have
been recently reported in solid tumors and CLL2%€°, We did not find this mutation in any sample
at diagnosis, and only in one sample at relapse, suggesting a possible role in the progression of

the disease.

Selected genes playing a relevant role in immune biology, like IRF8, PLCG2, CD79B, PIM1 and
MCL1, were more thoroughly investigated in order to understand the molecular consequences
of the genomic aberrations identified. The PIM1 variants detected in our study clustered in the
kinase domain, as described by other authors®!. Kuo and colleagues described that mutations in

PIM1 seem to stabilize the protein and enhance NF-kB signaling, as well as being associated
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with intrinsic resistance to ibrutinib®!. Taken together, it seems reasonable to further investigate
PIM1 mutations in FL.

CD79B mutations have been previously reported in FL, although their prevalence is lower than
in other germinal center-derived B-cell lymphomas, mainly DLBCL®?. The variants herein
identified affect the ITAM domain of the CD79B protein abolishing its normal signaling function,
thus preventing the interaction with the SRC kinase family. This is in line with previous studies
in ABC-DLBCL, which described that CD79B mutations decrease the negative autoregulation
by the specific SRC tyrosine kinase LYN, during chronic active BCR signaling, and increase the
expression of the BCR®.

The Bruton tyrosine kinase (BTK) is essential for antigen-stimulated BCR signaling through the
activation of PLCG254. An activating mutation (p.Met1141Lys) within the PLCG2 C-terminal C2-
domain and other gain-of-function mutations have been previously described®. Although the
prevalence of PLCG2 mutations in our study is only 6%, we have predicted that the molecular
consequence of these variants is a gain of function leading to an activated PLCG2 protein, and
suggesting a potential role in the response to ibrutinib, similar to that previously described in
CLL66,67_

More controversial is the impact of the mutations coding for the member of the BCL2
antiapoptotic family, MCL1. Two isoforms have been described, isoform 1 (longer, which inhibits
apoptosis), and isoform 2 (shorter, which promotes it). The variants determined here clustered
in the PEST region and likely disrupt the local structure of the protein. Interestingly, it seems
that these changes could go either way in terms of promoting or suppressing apoptosis,
depending on which isoform is expressed. Nevertheless, previous studies show that MCL1 is
highly expressed in DLBCL, due to MCL1 gain/amplification and constitutive activation of the
STAT3 pathway?®®.

In the protein modeling of IRF8 mutations, we identified a cluster of variants lying in the C-
terminal region, which were present in the CPC of cases with a late relapse. This protein region
showed a significant predicted match to the surface of the TRIM21 SPRY domain® using
PepSite. TRIM21 is a ubiquitin-ligase and it could be suggested that the loss of this IRF8
interaction could lead to a concomitant loss of ubiquitin-mediated degradation. However, the
bulk of evidence argues that ubiquitination is activating for IRF8 function”® meaning that the loss
of this C-terminus would lead to a lowering of IRF8 activity.

In conclusion, in this comprehensive genetic analysis of samples from FL patients with distinct
clinical behavior, we confirmed the frequency of CNA and mutations that had been previously
described, and identified five CNA as drivers. Moreover, we established the temporal order of

recurrent alterations in the FL pathogenesis, and observed co-occurrence among some of them.
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Mutations of CARD 11 and JUNB were associated with a delayed need of treatment, while PIM1
predicted a shorter response. Finally, we performed a thorough characterization of the
functional impact of genes central to B-cell biology. These data expand the knowledge on FL

pathogenesis, although larger studies are required to corroborate our findings.
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depicted in red. Altered genomic regions and genes relevant for FL pathogenesis are indicated.

to X and p to g (chromosome Y was excluded). Gains are depicted in blue and losses are
Driver CNA as per GISTIC are depicted in bold.

Figure 1. Copy number alterations (CNA) of the 53 FL patients with data at diagnosis.
B. Copy-neutral losses of heterozygosity (CN-LOH). Each probe is aligned from chromosome 1

CNA, copy number alteration; CN-LOH, copy-neutral loss of heterozygosity; FL, follicular lymphoma.

A. Copy number gains and losses.
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Never treated
.

Figure 2. Oncoprint representing single nucleotide variants (SNVs), insertions/deletions
(indels) and copy number alterations (CNAs) involving specific genes (upper block),
CNAs and copy neutral loss of heterozigosity (CN-LOH) (middle block) and baseline
features (lower block) of the 52 diagnostic samples from the five different clinical groups,
analyzed using next generation sequencing and copy number analysis. Altered genes and
genomic regions are ordered by frequency. Cases are annotated with sex, BCL2 rearrangement

(BCL2 rearr.), histological grade, Follicular Lymphoma International Prognostic Index (FLIPI),

and treatment.
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Figure 3. Mutually exclusive and co-occurring genomic aberrations. The color range

indicates the odds ratio of the genomic aberration distribution from blue, depicting co-

occurrence, to red, showing mutual exclusivity. The asterisks illustrate the adjusted P-values

(Q).
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Figure 4. Total number of shared and unique genomic aberrations identified in FL

patients with paired diagnostic/relapse samples, using NGS and CNA analysis.

A. Graph showing the overall shared aberrations in each case, including single nucleotide

variants (SNVs), indels and copy number aberrations (CNAs).

B. Unique genomic aberrations identified at diagnosis and relapse in each case. Note that
cases FL027 and FL028 lack NGS and CNA data, respectively, and thus information from those

techniques is not displayed.
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Figure 5. Protein modeling.

A. Domain schema (top) of human PLCG2 showing the location of variants uncovered. The
complete structure of PLCG2 (modelled based on the PLCG1 structure PDB:6pbc) also with
variants labeled. The inset structures zoom in on the location of specific mutated amino acids
(labeled with numbers) and their interacting residues (labeled without numbers). The figure
bottom right is a Psi/Phi (Ramachandran) plot showing how the Thr1152 backbone

conformation (red circle) compares to those of other prolines in the structure (yellow squares).

B. Domain schema (top) of human MCL1 showing the location of variants uncovered. The

schema also shows the location of phosphosites below the domains.

C. Domain schema (top) of human IRF8 above structures showing the location of variants
uncovered. The structure below left is the N-terminal helix-turn-helix (HtH) domain bound to
DNA (modeled on mouse IRF1 PDB:1if1 selected to view the bound DNA). The center structure
shows the structure of the SMAD domain (modelled using human IRF4 PDB:5bvi) and the
location of Val287, which sits in a beta-strand region (which is less favored by Met) making
mostly hydrophobic contacts, and Glu353, which sits in a pocket close to two positive amino
acids (Lys/Arg) making a substitution to Lys unfavorable. The right shows how the C-terminal 8
amino acids (either containing or near to the six observed frameshifts, fs) are similar to two
other peptides known to bind SPRY domains (blue = Asn/GIn; red = Asp/Glu, green =
hydrophobic) according to the ELM database. The structure below is the TRIM21 SPRY domain
(PDB:2iwg) including the prediction from PepSite’" where the spheres show the predicted
location of each amino acid.
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SUPPLEMENTARY FIGURES

Supplementary Figure 1. Workflow of BCL2 rearrangement analysis.
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Supplementary Figure 2. Co-occurrence of genomic aberrations in BTG2, CD79B and
PIM1. NT, never treated; NR, non-relapsed; LR, late relapse; ER, early relapse.
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Supplementary Figure 3. Genomic alterations of TMEM30A, PRDM1, SGK1, and TNFAIP3.

A. Display of the copy number aberrations detected in the 6q genomic region. Each line is a
case and the color indicates the CNA, gains in blue and losses in red, respectively. The
genomic location of the tumor suppressor genes in 6q region is highlighted, as well as the co-
deletion pattern observed in the FL cohort.

B. Genomic aberrations detected in TMEM30A, PRDM1, SGK1, and TNFAIP3, integrating

SNVs, indels and CNA. Genes are sorted according to their genomic location, from centromer

to telomer.
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Supplementary Figure 4. Dynamics of genomic aberrations during disease progression.

Tumor cancer cell fraction (expressed in percentage) of each genomic aberration detected at

diagnosis (D) and relapse (R). The color code indicates unique aberrations observed at

diagnosis (orange), unique aberrations at relapse (blue), and shared aberrations (green). Copy-
neutral losses of heterozigosity (CN-LOH) are depicted as dots with a black outline. Note that
genomic aberrations without available tumor cell content are not depicted, or samples FL027

and F028, which lacked NGS data. A. Cases from the late relapse group.
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Supplementary Figure 5. Plot of shared aberrations in paired samples. The plot displays
the percentage of shared aberrations (Y axis) versus the total number or alterations unique at
diagnosis or relapse (X axis). The colors indicate the two different clinical groups: early relapse

(red) and late relapse (green).
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Supplementary Figure 6. Conservation of MCL1 variants among vertebrates. Alignments
showing conservation of the two variants, p.Glu110Gly (upper block) and p.Leu160lle (lower
block) across vertebrates are depicted below. Amino acids are colored only if conserved across

the position: blue=aliphatic; red=positive; magenta=negative; yellow=Pro;

aquamarine = aromatic.
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Supplementary Table 1. Inclusion criteria for the patients of the study

Group Relapse PFS (01 Treatment | Response Histology Tissue
Never
treated - NA >5y None NA
Non-
relapsed No >10y >10y CR
FL123A
>2y (all Exclusion criteria: .
L h
Llate Yes >33 >2y | R-CHOPor | PR/CR e grade3BFL y{?s';’uz'd
relapse months) GA-CHOP e primary (ymph
(+/- ASCT) gastrointestinal ymp
node,
or cutaneous
FL mass,
> e composite tonsil,
Early Yes months PR/CR (FL/DLBCL) parotid
relapse gland)
-2y lymphoma
R-CHOP, ° HT during
Irrelevant BR, CHOP, follow-up
. Absence
Primary S <2 FCM (any
of initial ) Refractory
refractory months curative-
response .
intent
treatment)

PFS, progression-free survival; OS, overall survival; NA, not available; y, years; (R-)CHOP, (rituximab),

cyclophosphamide, doxorubicin, vincristine, and prednisone; GA-CHOP, obinutuzumab, cyclophosphamide,
doxorubicin, vincristine, and prednisone; ASCT, autologous stem cell transplantation; BR, bendamustine-
rituximab; FCM, fludarabine, cyclophosphamide, mitoxantrone; CR, complete response; PR, partial response; FL,
follicular lymphoma,; DLBCL, diffuse large B-cell lymphoma, HT, histological transformation.
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Supplementary Table 2. Biological characteristics of the cohort and genomic techniques applied to

each sample

BCL2 analysis

Additional FISH

Patient | Sample | Clinical Age Sex CN- NGS- g3A>C U1 Ploidy Purity BCL2
ID ID Group Array | panel status IGH- IGH-
BCL2 BCL6 Myc
FISH BclL2 BclL2 FISH FISH
FISH PCR
FLOO1 NT 61 positive - - positive - -
FLOO1d male yes yes n.a. 1.95 1
FLO02 NT 72 negative | negative | negative - - -
FLOO2d male yes yes wt 1.95 1
FLOO3 NT 65 positive - - positive - -
FLO03d male yes yes wt 1.96 1
FLOO4 NT 79 positive positive - - - -
FLOO4d female yes yes wt 1.75 0.46
FLOO5 NT 67 na. na. na. na. - -
FLOOSd female yes yes wt 2.00 1
FLOO6 NT 65 positive positive - - - -
FLOO6d male yes yes wt 1.96 0.61
FLOO7 NT 72 positive positive - - - -
FLOO7d male yes yes n.r. 1.98 1
FLOO8 NR 71 na. na. na. na. - -
FLO08d female yes yes n.r. n.a. n.a.
FLO09 NR 73 positive positive - - - -
FLO09d female yes yes wt 2.00 1
FLO10 NR 36 positive positive - - - -
FLO10d male yes yes wt 1.98 0.59
FLO11 NR 53 positive positive - - - -
FLO11d male yes yes wt 1.92 0.4
FLO12 NR 59 positive - - positive - -
FLO12d female yes yes wt 2.10 0.86
FLO13 NR 47 positive - - positive - -
FLO13d male yes yes n.r. 191 0.72
FLO14 NR 60 n.r. n.r. nr. na. - -
FLO14d female n.r. yes n.r. n.a. n.a.
FLO15 NR 59 positive - - positive - -
FLO15d female yes yes n.r. 2.07 0.55
FLO16 NR 54 positive - - positive - -
FLO16d male yes yes wt 3.56 0.36
FLO17 NR 26 positive positive - - - -
FLO17d female yes yes n.r. 2.07 1
FLO18 NR 48 negative | negative | negative B B B
FLO18d female yes yes wt 2.00 1
FLO19 NR 37 positive - - positive - -
FLO19d female n.r. yes n.a. n.a. n.a.
FL0O20 NR 62 positive - - positive - -
FL020d female yes yes wt 2.00 1
FLO21 NR 27 positive positive - - - -
FLO21d male yes yes n.r. 2.07 1
FLO22 NR 62 n.a na. na na. - -
FLO22d female yes yes wt 1.93 0.82
FLO23 NR 52 n.r. n.r. nr. na. - -
FL023d female yes yes n.a. 2.00 1
FLO24 NR 68 positive positive - - - -
FL024d male yes yes wt 1.94 0.62
FLO25 NR 74 negative | negative | negative | negative B B
FLO25d male yes yes wt 2.10 0.67
FLO26 NR 54 positive - - positive - -
FLO26d female yes yes wt 2.02 0.58
q LR positive positive - - - -
FLO27 FLO27 51 male yes no n.r. 2.05 0.99
LR - - - - negative | negative
FLO27e yes no wt 1.95 1
FLo2sd LR 18 ] positive - - positive
FL0O28 68 | female 85 A 0.8 -
LR positive - - positive | negative | negative
FLO28e n.r. yes n.a. n.a. n.a.
q LR negative | negative nr. - break -
FLO29 FLO29 73 | female yes yes n.r. 2.26 0.48
LR - - - - break negative
FLO29e yes yes wt 2.08 0.54
FLO30 LR 58 positive - - positive - -
FLO30d female yes yes wt 2.01 0.92
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FLO31 LR 26 positive positive - - - -
FLO31d female yes yes wt n.a. n.a.
2d LR ) ; positive - - positive - -
FLO32 FLO3 66 | female yes yes wt .07
LR - - - - negative | negative
FLO32e yes yes wt 2.01 0.79
FLO33 LR 59 positive positive - -
FLO33d female yes yes wt 1.99 1
LR positive positive - - - -
FLO34 FLO34d 63 male yes yes wt 1.94 0.53
IR heterozygous _ _ _ _ _
FLO34e yes no mutation 2.00 1
FLO35 LR 40 positive positive - - - -
FLO35d female yes yes wt 2.15 1
FLO36 LR 78 positive positive - - - -
FLO36d female yes yes wt 1.95 0.49
FLO37 LR 52 positive positive - - - -
FLO37d female yes yes n.r. 2.05 1
FLO38 LR 48 na. n.a. na. na. - -
FLO38d male yes yes wt 2.08 1
FL039d LR 109 088 positive | positive - - - -
FLO39 65 | female |—LS——Y&8 = : :
LR positive positive - - negative | negative
FLO39e yes yes wt 2.05 0.92
FLO40 LR 66 negative | negative | negative - - -
FLO40d female yes yes wt 2.00 0.45
FLO41 ER 54 n.r. n.r. n.r. n.r. - -
FLO41d male yes yes n.r. 1.95 0.79
Floa2d ER 202 059 n.r. n.r. n.r. negative - -
FLO42 52 | female Y& - : '
ER - - - negative | negative | negative
FLO42e yes yes wt 2.05 0.67
FLo43d ER 04 065 positive positive - -
FLO43 54 | female LY w : '
ER - - - - negative | negative
FLO43e yes yes wt 2.06 0.65
FLO44 ER 46 positive - - positive - -
FLO44d male yes yes n.r. 1.99 0.66
FLO45 ER 68 positive positive - - - -
FLO45d male yes yes n.r. 2.01 0.75
046d ER 19 ] positive positive - negative - -
Floss 04 35 | female Y=Y L =
ER positive positive - - negative | negative
FLO46e yes yes wt 1.94 0.83
FLo47d ER 196 078 positive positive - negative n.a
FLO47 22 | male PYELYE o : ‘
ER - - - - break negative
FLO47e yes yes n.r. 1.98 0.88
FLodsd ER 199 ] negative | negative | negative - - -
FLO48 29 | male Y=Y = :
ER positive positive - - negative | negative
FLO48e yes yes wt 2.05 0.58
FLO49 ER 52 positive positive - - - -
FL049d female yes yes n.r. 2.02 0.63
FLO50 ER 57 positive positive - - - -
FLO50d male yes yes wt 1.98 0.74
FLoS1d ER 199 055 positive positive - - - negative
FLOS1 50 | male |YE{YE wt : ‘
ER - - - - negative break
FLOS1e yes yes wt 2.04 0.85
FLO52 PR 54 positive positive - - - -
FLO52d female n.r. n.r. n.a. n.a. n.a.
FLO53 PR 37 na. n.a. n.a. n.a. - -
FLO53d male yes yes n.a. 2.06 1
FLO54 PR 42 positive - - positive - -
FLO54d male yes yes wt 2.01 1
FLO55 PR 73 positive positive - - - -
FLO55d male yes yes wt 2.08 1
FLO56 PR 53 positive - - positive - -
FLO56d female yes yes n.r. 2.07 1

NT, never treated; NR, non-relapsed; LR, late relapse; ER, early relapse; PR, primary refractory, n.r.,, no result; wt, wildtype; n.a. not available
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Supplementary Table 3. Genes and genomic regions included in the B-cell malignancy-

oriented targeted sequencing panel.

Gene Exons Genomic region Transcripts
ACTB Exons 2-6 All CDS NM_001101.3
ARID1A Exons 1-20 All CDS NM_006015.4
ARID1B Exons 1-20 All CDS NM_020732
ARID5B Exons 1-10 All CDS NM_032199.3
ATM Exons 2-63 All CDS NM_000051.3
ATP10A Exons 1 All CDS NM_024490.3
B2M Exons 1-3 All CDS NM_004048.2
BCL10 Exons 1-3 All CDS NM_003921.4
BCL2 Exons 1-2 All CDS + CNV NM_000633.2
BCL6 Exons 3-10 All CDS + CNV NM_001706.4
BCL7A Exons 1-5 All CDS NM_020993.5
BCOR Exons 2-15 All CDS NM_001123385
BRAF Exons 11-15 - NM_004333.4
BTG1 Exons 1-2 All CDS NM_001731.2
BTG2 Exons 1-2 All CDS NM_006763.2
BTK Exons 2-19 All CDS NM_000061.2
CARD11 Exons 2-25 All CDS NM_032415.4
CCND3 Exons 1-5 All CDS NM_001760.3
CD274 Exons 2-7 All CDS NM_014143
CD36 Exons 3-14 All CDS NM_001001548.2
CD58 Exons 1-6 All CDS NM_001779.2
CD70 Exons 1-3 All CDS + CNV NM_001252.3
CD79A Exons 1-5 All CDS NM_001783.3
CD79B Exons 1-6 All CDS NM_001039933.2
CD83 Exons 1-5 All CDS NM_001040280.1
CDKNZ2A Exons 1-3 All CDS + CNV NM_001195132.1
CDKNZ2B Exons 1-2 All CDS NM_004936.3
CIITA Exons 1-19 All CDS + CNV NM_000246.3
CREBBP Exons 1-31 All CDS NM_004380.2
CSFIR Exons 2-24 All CDS NM_005211.3
CXCR4 Exons 1-2 All CDS NM_001008540.2
DDX3X Exons 1-17 All CDS NM_001356.3
DIS3 Exons 1-22 hotspot NM_014953.3
DTX1 Exons 1-9 All CDS NM_004416
DUSP2 Exons 1-4 All CDS NM_004418.4
EBF1 Exons 1-16 hotspot NM_001290360
EP300 Exons 1-31 All CDS NM_001429.3
ETS1 Exons 2-10 All CDS NM_001143820.1
ETV6 Exons 1-8 All CDS + CNV NM_001987
EZH2 Exons 10-20 - NM_004456.4
FAS Exons 1-9 - NM_000043
FBXW7 Exons 2-12 All CDS NM_033632.3
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FOXO1 Exons 1-2 All CDS NM_002015.3
GNA1T3 Exons 1-4 All CDS NM_006572.4
GNAI2 Exons 1-8 All CDS NM_002070
HISTIH1B Exons 1 All CDS NM_005322
HISTIHIC Exons 1 All CDS NM_005319
HISTIH1D Exons 1 All CDS NM_005320.4
HISTIH1E Exons 3-8 All CDS + CNV NM_005321
HISTIH3G Exon 1 All CDS NM_003534
HVCN1 Exons 2 - NM_001040107
ID3 Exons 1-2 All CDS NM_002167.4
IRF2BP2 Exons 1-2 All CDS NM_182972
IRF4 Exons 2-9 All CDS NM_002460.3
IRF8 Exons 2-9 All CDS NM_002163.2
ITPKB Exons 2-8 All CDS NM_002221
JUNB Exon 1 All CDS NM_002229.3
KLHL14 Exons 2-9 All CDS NM_020805
KLHL6 Exons 1-7 All CDS NM_130446.2
KMT2D Exons 1-54 All CDS NM_003482.3
KRAS Exons 2-4 All CDS NM_033360.2
LPHNZ2 Exons 2-22 All CDS NM_012302
MALT1 Exons 1-17 All CDS + CNV NM_006785
MAMLT1 Exons 1-4 All CDS NM_014757
MAP2K1 Exons 1-11 All CDS NM_002755.3
MAPKT Exons 1-8 All CDS NM_002745.4
MCL1 Exons 1-3 All CDS NM_021960
MEF2B Exons 2-9 All CDS NM_001145785.1
MFHAS1 Exons 2-3 All CDS NM_004225
MYC Exons 2-3 All CDS + intron 1 + translocation NM_002467.4
region
MYD88 Exons 1-5 All CDS NM_002468.4
NFKBIA Exons 2-6 All CDS NM_020529
NFKBIE Exons 1-6 All CDS NM_004556.2
NFKBIZ Exons 2-12 All CDS + amplification NM_031419.3
Exon 26, 27, 34,
NOTCH1 3'UTR - NM_017617.3
NOTCHZ2 Exon 26, 27, 34, All CDS NM_024408.3
NRAS Exons 2-5 - NM_002524.4
OSBPL10 Exons 1-12 All CDS NM_017784
P2RYS8 Exons 2 - NM_178129
PARP2 Exons 1-16 All CDS NM_005484
PAX5 Exons 1-10 - NM_016734.3
PCBP1 Exons 1 - NM_006196
PIK3CA Exons 2-21 All CDS NM_006218
PIK3CD Exons 3-24 - NM_005026.3
PIK3R1 Exon 2 - NM_001243186.1
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PIM1 Exons 1-6 All CDS NM_002661.5
PLCG2 Exons 2-33 All CDS NM_006235.3
POU2AF1 Exon 1-5 All CDS NM_001207025.2
POU2F2 Exons 1-14 All CDS NM_001198.3
PRDM1 Exons 1-7 All CDS NM_002738
PRKCB Exons 1-17 All CDS NM_000314
PTEN Exons 1-9 All CDS + CNV NM_002839
PTPRD Exons 15-46 - NM_002908

REL Exons 1-11 All CDS + CNV NM_001313941
RHOA Exons 3-6 All CDS + CNV NM_001271851
RRAGC Exons 1-7 All CDS NM_001320730
S1PR1 Exons 2 All CDS NM_004230
S1PR2 Exons 2 All CDS NM_015048
SETD1B Exons 1-16 All CDS NM_014159.6
SETD2 Exons 1-21 All CDS NM_012433
SF3B1 Exons 14-18 - NM_001143676.1
SGK1 Exons 1-14 All CDS NM_003072

SMARCA4 Exons 2-35 All CDS NM_003745.1
SOCSs1 Exons 2 All CDS NM_015001
SPEN Exons 1-16 All CDS NM_003121

SPIB Exons 1-6 All CDS + CNV NM_139276.2
STAT3 Exons 2-24 All CDS NM_001178078.1
STAT6 Exons 2-22 All CDS NM_024665.4

TBL1XR1 Exons 3-16 All CDS + CNV NM_003200.3
TCF3 Exons 2-19 All CDS NM_001127208.2
TET2 Exons 3-11 - NM_018247.3
TMEM30A Exons 1-7 All CDS NM_021109
TMSB4X Exons 2-3 All CDS NM_006290.3
TNFAIP3 Exons 2-9 All CDS+CNV NM_003820.2
TNFRSF14 Exons 1-8 All CDS NM_001252391
TNIP1 Exons 2-18 All CDS + CNV NM_014729

TOX Exons 1-9 All CDS + CNV NM_000546.5

TP53 Exons 2-11 All CDS NM_005080
XBP1 Exons 1-5 All CDS NM_003400
XPOT1 Exons 15-16 - NM_014795
ZEB2 Exons 2-10 All CDS NM_181523

CDS, coding sequence; CNV, copy number variant
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Supplementary Table 4. Primers used in rhAMP SNP assays to interrogate the g.3A>C U1 mutations.

Gene/Assay

Forward Primer

Reverse Primer

RNU1_Batch SNP Assay (WT)

/thAmp-F/TCCCCTGCCAGGTAAGTrATGAG

GCGCAAGTGACCGTGTGTGTAArAGAGT

RNU1_Batch SNP Assay (Mut)

/rhAmp-Y/CCCCTGCCAGGTAAGGrATGAG

GCGCAAGTGACCGTGTGTGTAArAGAGT

RNU1_Pseudo SNP Assay (WT)

/rhAmp-F/TCCCCTGCCAGGTAAGTrATGGA

GCAAGTGACCGTGTGTTGAGAGrGAGTG

RNU1_Pseudo SNP Assay (Mut)

/rhAmp-Y/CCCCTGCCAGGTAAGGrATGGA

GCAAGTGACCGTGTGTTGAGAGIrGAGTG
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Supplementary Table 5. Baseline features and outcomes of the 56 patients included in the study.

Never Non- Early Primary
All treated relapsed Late relapse relapse refractory
Number of patients
and diagnostic
samples (with both 56 (52) 7 (7) 19 (17) 14 (13) 11(11) 54)
CNA & NGS info)
Number of relapse
samples (with both 12 (9) 0 0 6 (3) 6 (6) 0
CNA & NGS info)
Female sex, n (%) 31 (55) 2 (29) 12 (63) 11 (79) 4 (36) 2 (40)
Median age (range) 57 (26-79) 67 (61-79) 54 (26-74) 61 (26-78) 52 (29-68) 48 (37-73)
ECOG PS 22, n (%) 4(7) 1(14) 0 1(7) 0 2 (40)
Ann-Arbor stage llI-
IV, n (%) 41 (75) 6 (86) 10 (53) 14 (100) 8 (73) 3 (60)
High-risk FLIPI score, 13 (25) 0 2011 7 (50) 2 (20) 2 (40)
n (%)
Histological grade 1- 43 (78) 7 (100) 13 (68) 10 (71) 10 (91) 3 (60)
2, n (%)
BCL2
rearrangement*, n 41 (87) 4 (67) 14 (87) 12 (85) 8 (89) 3 (100)
(%) [n=47, 84%]
Frontline treatment
with R-CHOP, n (%) 45 (82) - 19 (100) 14 (100) 11 (100) 1 (20)
CR rate, n (%) 40 (83) - 19 (100) 12 (86) 9 (82) 0
o, [y *% .
0Sat 1°c’|’; % (95% 1 79 (69-91) 711 0 (()‘)"5 100 74 (51-100) | 82 (62-100) 0

*BCL2/IGH rearrangement by PCR and/or rearranged BCL2 gene by dual-color, break-apart FISH probe. BCL2/IGH dual color, dual

fusion FISH study pending.

**3 patients from this group died, none of them of lymphoma-related causes (1 unknown cause, 1 lung cancer, 1 hip prosthetic

infection)

CNA, copy number alterations; NGS, next generation sequencing;, ECOG PS, Eastern Cooperative Oncology Group Performance Status;
FLIPI, Follicular Lymphoma International Prognostic Index; R-CHOP, rituximab, cyclophosphamide, vincristine, and prednisone; CR,
complete response; OS, overall survival; y, years; Cl, confidence interval.
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Supplementary Table 6. Minimal regions defined in at least three cases

Event Chrc::;?::mal Chromosome Start End Candidate genes | Gistic (q-value)
Loss 1p36.32 1 1 8497319 TNFRSF14 0.005341
Loss 6p21.32 6 31083401 | 32192238 HLA 5.40E-07
Loss 6q14.1 6 74201303 | 87070445 TMEM30A 0.031931
Loss 6923.3 6 136595753 | 140897287 TNFAIP3 0.0012615
Loss 9p21.3 9 21352378 | 22735072 CDKN2A/B 0.00000843
Loss 10923.33 10 85032997 | 109373558 PTEN 0.0065932
Loss 13914.2-914.3 13 47460442 | 55056195 | DLEUT, DLEUZ2, RB1 n.a.
Gain 2p16.1 2 57854369 | 63237116 REL, BCLT1A 0.066872
Gain 12913.13-q15 12 52677677 | 71278552 - n.a.
Gain 13931.3-g32.3 13 92000000 | 101321244 MIR17HG n.a.

RAD51C, CD798B,

Gain 1722-q24.2 17 51382417 | 64376856 MAP3K3 n.a.
Loss 22q13.2-q13.32 22 42545221 | 49080367 TAFAS5 n.a.
Gain 1q 1 - - - n.a.
Gain | 18p11.32-g21.33 18 12842 60418491 - n.a.
CN-

LOH | 1p3633-p36.22 1 754192 | 10650344 TNFRSF14 n.a.
CN- IRF4, HLA, HISTITH

LOH | 6p25.3-p21.32 6 204909 | 33595399 cluster n-a
CN-

LOH 1213.12-13.13 12 49342939 | 52031943 - n.a.
CN-

LOH 1292133-24.33 12 92043449 | 133776400 - n.a.
CN-

LOH 16p13.3-p13.2 16 83887 8717907 - n.a.

CN-LOH: copy-neutral loss heterozigosity; n.a., not available.
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Supplementary Table 7. Statistics of sample subjected to target sequencing

Sample | Group Median Target Coverage
FLOO1d Never treated 65x
FLOO2d Never treated 228x
FLOO3d Never treated 92x
FLOO4d Never treated 489x
FLOO5d Never treated 1083x
FLOO6d Never treated 373x
FLOO7d Never treated 124x
FLOO8d Non-relapsed 285x
FLO09d Non-relapsed 127x
FLO10d Non-relapsed 193x
FLO11d Non-relapsed 276x
FLO12d Non-relapsed 360x
FLO13d Non-relapsed 232x
FLO14d Non-relapsed 319x
FLO15d Non-relapsed 238x
FLO16d Non-relapsed 342x
FLO17d Non-relapsed 161x
FLO18d Non-relapsed 220x
FLO19d Non-relapsed 456x
FLO20d Non-relapsed 269x
FLO21d Non-relapsed 112x
FLO22d Non-relapsed 1123x
FLO23d Non-relapsed 100x
FLO24d Non-relapsed 84x
FLO25d Non-relapsed 151x
FLO26d Non-relapsed 257X
FLO28d Late relapse

FLO28e Late relapse 445x
FLO29d Late relapse 97x
FLO29e Late relapse 169x
FLO30d Late relapse 209x
FLO31d Late relapse 87x
FLO32d Late relapse 277X
FLO32e Late relapse 647x
FLO33d Late relapse 1039x
FLO34d Late relapse 160x
FLO35d Late relapse 403x
FLO36d Late relapse 226x
FLO37d Late relapse 143x
FLO38d Late relapse 108x
FLO39d Late relapse 179x
FLO39e Late relapse 595x
FLO40d Late relapse 267x
FLO41d Early relapse 428x
FLO42d Early relapse 135x
FLO42e Early relapse 116x
FLO43d Early relapse 140x
FLO43e Early relapse 246x
FLO44d Early relapse 129x
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FLO45d

Early relapse

FLO46d Early relapse 55x
FLO46e Early relapse 261x
FLO47d Early relapse 179x
FLO47e Early relapse 225x
FLO48d Early relapse 76x
FLO48e Early relapse 360x
FLO49d Early relapse 105x
FLO50d Early relapse 299x
FLO51d Early relapse 200x
FLO51e Early relapse 1417x
FLO52d Primary refractory | 12.8X
FLO53d Primary refractory | 182x
FLO54d Primary refractory | 262x
FLO55d Primary refractory | 192x
FLO56d Primary refractory | 132
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Supplementary Table 8. Gene/region alterations by frequency

No. of
Gene or region diagnosti.c FrequenFy of
samples with alteration
alteration
KMT2D 41 79%
CREBBP 35 67%
TNFRSF14 24 46%
BCL2 21 40%
1p36.33 CN-LOH 14 27%
ARIDIA 13 25%
TNFAIP3 12 23%
EP300 11 21%
16p13.3-16p13.2 CN-LOH 11 21%
1q gain 11 21%
Trisomy 7 11 21%
REL 10 19%
BCL7A 9 17%
EZH2 9 17%
SGK1 9 17%
FAS 8 15%
TMEM30A 8 15%
12q13.13-q15 gain 8 15%
18p11.32-g21.33 gain 8 15%
Trisomy X 8 15%
ARID1B 7 13%
CARDT1 7 13%
CDKN2A/B 7 13%
HISTIH1E 7 13%
PTEN 7 13%
Nelay 7 13%
12g21.33-g24.33 CN-LOH 7 13%
6p25.3-p21.32 CN-LOH 7 13%
BTG2 6 12%
CD79B 6 12%
IRF8 6 12%
MEF2B 6 12%
PIM1 6 12%
13q14.2-q14.3 loss (DLEU1/2) 6 12%
Trisomy 18 6 12%
Trisomy 2 6 12%
HISTIHID 5 10%
PAX5 5 10%
PRDM1 5 10%
SETD1B 5 10%
STAT6 5 10%
12q13.12-q13.13 CN-LOH 5 10%
ARID5B 4 8%
CD70 4 8%
GNA13 4 8%
HVCN1 4 8%
ITPKB 4 8%
MCL1 4 8%
MYC 4 8%
NFKBIZ 4 8%
OSBPL10 4 8%
PCBP1 4 8%
PIK3CD 4 8%
POUZ2AF1 4 8%
RRAGC 4 8%
SPEN 4 8%
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Supplementary Table 9. Temporal order of acquisition of genomic alterations

Gene / Genomic P Q Out In Neutral Temporal

Alteration value | value | degrees | degrees order
KMT2D 0.000 | 0.000 130 31 183 Early
TNFRSF14 0.000 | 0.000 75 10 117 Early
SOCSs1 0.000 | 0.000 2 32 50 Late
Gain 1q 0.000 | 0.000 7 41 66 Late
CARD11 0.001 | 0.003 12 37 25 Late
CN-LOH 16p13.3-p13.2 0.001 | 0.003 17 2 57 Early
Trisomy X 0.001 | 0.003 2 17 39 Late
CD79B 0.002 | 0.005 5 22 40 Late
HISTTHI1E 0.003 | 0.009 31 11 38 Early
18p11.32-q21.33 + 0.004 | 0.010 6 22 29 Late
BCL7A 0.012 | 0.029 29 12 68 Early
Trisomy 7 0.014 | 0.032 9 24 62 Late
BCL2 0.016 | 0.035 19 38 76 Late
EP300 0.020 | 0.040 26 11 40 Early
CREBBP 0.027 | 0.050 77 51 169 Early
2p16.1+ (REL) 0.029 | 0.051 7 19 58 Late
PIM1 0.031 | 0.051 4 14 40 Late
EZH2 0.099 | 0.154 13 24 50 Not powered
TNFAIP3 0.115 | 0.170 14 6 46 Not powered
ARID1A 0.233 | 0.326 18 27 48 Not powered
6q14.1- (TMEM30A) 0.302 | 0.402 5 10 44 Not powered
CN-LOH 6p25.3-p21.32 0.424 | 0.540 10 15 56 Not powered
MEF2B 0.458 | 0.558 17 12 35 Not powered
13q14.2-q14.3- 0.503 | 0.586 12 8 45 Not powered
12q13.13-q15+ 0.524 | 0.586 9 13 45 Not powered
CN-LOH 1p36.33 0.552 | 0.594 20 25 80 Not powered
1p36.32- (TNFRSF14) 1.000 | 1.000 6 6 52 Not powered
ARID1B 1.000 | 1.000 9 10 40 Not powered
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SUPPLEMENTARY METHODS

DNA extraction
We extracted DNA and RNA from 53 FFPE and two fresh frozen (FF) diagnostic samples, and
from 11 FFPE and one FF relapse samples using five 10 uym-thick sections per sample and the

AllPrep DNA/RNA FFPE Kit (Qiagen, Germany), according to the manufacturer’s instructions.

Copy number analysis

Copy number aberrations (CNA) were analyzed using the Affymetrix Genome wide/Oncoscan
CNV FFPE assay. Gains, losses and copy neutral loss of heterozygosity (CN-LOH) were
evaluated and visually inspected using Nexus version 9.0 Discovery Edition software
(Biodiscovery, ElI Segundo, CA). Human reference genome was GRCh37/hg19. Gains and
losses with minimum size of 100kb and CN-LOH larger than 10Mb were considered.
Exceptionally, focal copy number alterations smaller than 100 kb or CN-LOH smaller than 10Mb
were recognized if they included a driver gene or recurrent altered region previously described
in follicular lymphoma (FL). Chromothripsis and chromothripsis-like patterns have been defined
when at least 10 and 7 switches between two or more CN states were detected on an individual
chromosome, respectively’?. Furthermore, information originated from CNA was merged with

SNV/indels from the targeted sequencing data to classify 44 genes as normal/altered.

Next generation sequencing

Single nucleotide variants (SNVs) and insertions/deletions (indels) were analyzed using a B-cell
malignancy-oriented targeted sequencing panel containing 121 genes. The NGS panel is an
updated version of our B-cell next generation sequencing (NGS) panel previously described”.
Mutation profiles were generated using a custom hybridization capture-based panel strategy
and subsequent sequenced in a MiSeq instrument (lllumina). Libraries were performed using
15-30 ng of cfDNA and 150 ng of gDNA from FFPE samples, following the procedure indicated
by the manufacturer. Targeted sequencing was performed using molecular-barcoded library
adapters using the ThruPLEX Tag-seq kit (Takara) and a hybridization capture based method
(SureSelectXT-Agilent Technologies). The quality of the libraries was determined using the
Bioanalyzer high sensitivity DNA kit (Agilent) and quantified by PCR using the KAPA library
quantification kit (KAPA Biosystems). Finally, the libraries were pooled and sequenced 2x130

bp in the MiSeq instrument.

Bioinformatic analyses

Variant calling was performed using an updated version of our in-house pipeline?3. Briefly, raw
reads were trimmed using the SurecallTrimmer (v4.0.1, AGeNT, Agilent). Alignment of the
trimmed reads was performed using minimap2 algorithm’#, PCR or optical duplicates were
marked using MarkDuplicates from Picard (RRID: SCR_006525), and the base quality score
recalibration was performed using GATK’s BaseRecalibrator and ApplyBQSR functions (RRID:
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SCR_001876 v4.0). Variant calling was performed in parallel using VarScan2 (v2.4.3)7,
Mutect2, VarDictJava (v1.4)’®, LoFreq (v2.1.3.1)’8, outLyzer (v1.0)”7, and freebayes (v1.1.0)7.
Variants identified were annotated using snpEff/snpSift (v4.3t). Only variants that were
identified as “PASS” by at least 4 of the algorithms and with variant allele frequency (VAF) > 10
were considered. Particularly, we manually retrieved SNVs and indels with VAF smaller than 10
by visually inspected on Integrative Genomics Viewer (IGV) the genomic aberrations of the

paired samples.

Variants reported in the 1000 Genome Project, EXAC and/or gnomAD with a population
frequency >1% were considered polymorphisms and therefore removed from the analysis. To
further filter out non-recurrent polymorphisms, variants were only considered somatic if 1) they
were not reported as germ line in our custom ICGC data base of 506 WGS/WES’®; and were 2)
reported as somatic in lymphoid neoplasm in COSMIC database, 3) truncating, or 4) predicted
as potentially damaging by at least one of the following algorithms: CADD (phred score > 10),
PolyPhen2 (score > 0.9), SIFT (score < 0.1), MutationAssessor (score > 2) and Provean

(deleterious).

Cancer cell fraction and temporal order of genetic alterations

The cancer cell fraction (CCF) CCF from CNA was retrieved from the OncoScan data as
previously described®. The CCF was calculated using the corresponding formula in which BAF
is the mean B-allele frequency of the CN locus, minor is the minor number of copies of the least
frequent allele, and major the major number of copies of the most frequent allele. The major and
minor information were retrieved from ASCAT (R package v2.5.2). The predicted CCF were
corrected by the tumor purity of the respective samples obtained by ASCAT (R package v2.5.2).
CCF were only considered for those samples with predicted diploid genotype. The CCF of the
SNVs and indels was calculated integrating read counts, copy-number status of each locus and
tumor purity, as previously described. To explore the temporal order of the genomic aberrations
we used the recently published approached?*?5. In brief, we analyzed for each alteration the
enrichment of out-going edges compared to in-going edges, where out-going edges indicates
the number of instances where the alteration was detected at higher CCF than other alteration
in the same tumor sample, and in-going when it was present at lower CCF. Genomic

aberrations were classified as early, late (false discovery rate <0.1) or not powered.

U1 mutations using PCR-based SNP assay

The g.3A>C mutation in U1 was evaluated using custom rhAMP SNP assays (Integrating DNA
technology) as previously reported. Locus and allele-specific primers were designed for RNU1-3
position. The assay was run in technical duplicates in 5uL volume with a DNA concentration of
at least 10ng, with control gBlocks for wild-type, mutants and heterozygous genotypes. Reporter

mix were labeled with Yakima Yellow, FAM and ROX dyes for mutant, wild-type, and passive
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reference, respectively. Plates were analyzed on the StepOnePlus (Applied Biosystems) RT-

PCR machine, and genotypes called using the StepOne v.2.3 software.
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La poblacidon de pacientes con LF presenta una marcada heterogeneidad bioldgica y clinica.
Mientras que en algunos casos el diagnostico se realiza de manera incidental, el paciente
permanece asintomatico y sin requerir tratamiento durante afios, en otros el inicio de la
enfermedad se produce con marcadores analiticos de alta carga tumoral, afectacidén adenopatica
y extraganglionar extensa y necesidad de tratamiento sin demora. Por otra parte, una vez
completado el tratamiento, algunos pacientes presentan una duracién de la respuesta muy
prolongada sin requerir ninguna otra intervencion para su linfoma, otros presentan recaidas
tardias durante el seguimiento, en torno a un 20% de los pacientes presenta una recaida precoz

y una minoria son primariamente refractarios al esquema de primera linea.

Tal y como se ha expuesto, durante las Ultimas décadas se han llevado a cabo esfuerzos para
identificar factores individuales o disefiar indices pronosticos combinados que permitan refinar la
estimacion prondstica de los pacientes con LF e, idealmente, seleccionar el régimen terapéutico
que permita maximizar las opciones de una respuesta duradera y minimizar el riesgo de toxicidad
asociada con el tratamiento. Actualmente, y con contadas excepciones, todos los pacientes con
LF en estadio avanzado y alta carga tumoral se tratan con regimenes de IQT, sin considerar el
riesgo estimado segun factores o indices prondsticos. Esto puede ser explicado por varias razones:
1) que la supervivencia global de la mayoria de los pacientes con LF es muy prolongada, lo que
hace dificil justificar opciones terapéuticas mas intensivas en primera linea, 2) que son escasos los
estudios aleatorizados enfocados a subgrupos de riesgo especificos que permitan evaluar la
utilidad de intervenciones dirigidas y 3) que la multitud de indices y factores prondsticos sin clara
superioridad entre ellos hace dificil su conocimiento y aplicacién por el hematdlogo general, con

la consiguiente dificultad de que lleguen al terreno de los ensayos clinicos.

Sin embargo, con el avance de los datos clinicos, analiticos, gendmicos, de imagen y de la
inteligencia artificial, parece cada vez mas realista caracterizar de manera precisa la poblacion de
pacientes con LF y generar una prediccion individualizada del riesgo de cada paciente para
adaptar la estrategia terapéutica y mejorar los resultados. En los estudios que agrupa la presente
tesis se han analizado cinco tipos de elementos (histéricos, demogréaficos, hematimétricos,
inmunoquimicos y gendémicos) con el objetivo de establecer su relevancia prondstica en LF y

contribuir al citado proceso.
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En el andlisis histérico de nuestra cohorte de 727 pacientes con LF diagnosticados a lo largo de
las ultimas cuatro décadas observamos que los pacientes diagnosticados en el Ultimo periodo
tenian una edad mas avanzada, pero presentaban una mejor situacion funcional. Esta tendencia
refleja probablemente cambios en la poblacidn de referencia de nuestra institucion, ademas de la
realizacion de pruebas diagnosticas por otros motivos a individuos asintomaticos de edad
avanzada, que podrian ayudar a identificar la enfermedad en pacientes mayores. En lo referente
al tratamiento, la introduccién de la inmunoterapia ha causado que el esquema R-CHOP se
convierta en el mas empleado en nuestra serie durante las Ultimas dos décadas del estudio. Este
cambio en el tratamiento explica, con toda probabilidad, junto a la evolucion del tratamiento de

soporte, la mejoria de los resultados.

La proporcion de pacientes en RC después del tratamiento aumento sustancialmente a lo largo
de las décadas. Aunque es indiscutible que la inmunoterapia ha contribuido a estos resultados, la
generalizacion en el uso del PET-TC puede haber constituido un factor adicional, considerando
como RC con masa residual aquellas lesiones morfoldégicamente patoldgicas, pero sin actividad
metabdlica. La profundizacién de las respuestas se tradujo en una mejoria de la SLP y SG, como
ya han apuntado estudios multicéntricos en la era rituximab'>. Algunos estudios unicéntricos y de
registro habian evidenciado ya una mejoria de la supervivencia de los pacientes con LF respecto
a la de la poblacion general”. Estos resultados se confirman en nuestra serie, con una mejoria de
la supervivencia relativa a 5 afios de 0.83 a 0.94. Resultados similares son los publicados en un
reciente estudio poblacional con mas de 12 000 pacientes con LF'%, en el que se evidencia una
mejoria en la supervivencia durante los Ultimos afos, especialmente en pacientes mayores con LF

en estadio avanzado.

En cuanto a las causas de muerte de los pacientes con LF, aunque la proporcion de pacientes que
fallecen por progresién del linfoma ha disminuido a lo largo de las décadas, la mayoria (55%)
muere por causas relacionadas con la enfermedad (progresion y toxicidad del tratamiento), algo
que se alinea con los hallazgos de estudios en amplias series de pacientes™'. A pesar de lo
reportado en un gran estudio multicéntrico reciente**, en nuestro estudio no pudimos identificar
diferencias significativas en la incidencia de TH entre las cuatro décadas, probablemente debido

a la baja frecuencia de eventos de este tipo en cada uno de los periodos.

La aparicion de SN es una de las principales preocupaciones en el empleo de la quimioterapia,
que se afiade a la potencial situacion de inmunodepresion conferida por la propia neoplasia. En

la era del rituximab, la incidencia acumulada de SN se ha situado en torno al 3% a 10 afos'",
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mientras que en nuestra serie es de un 10% a 10 afos, una variabilidad que puede ser explicada

por el pequeio nimero de eventos.

Debemos reconocer algunas limitaciones de nuestro estudio. En primer lugar, las caracteristicas
iniciales no fueron totalmente equiparables entre las décadas, lo que en si mismo ya constituye
un resultado relevante. En efecto, el hecho de que los pacientes de la Ultima década tuvieran una
edad mas avanzada subraya alin mas la mejoria en los resultados a lo largo del tiempo, puesto
que se esperaria que los individuos méas mayores tuvieran una supervivencia inferior. En segundo
lugar, por razones historicas, el nimero de pacientes incluidos en la primera década, la
disponibilidad de muestra histolégica y la causa de muerte fue menor. Por Ultimo, teniendo en
cuenta la historia natural de la enfermedad, seria de utilidad un analisis de la segunda y
posteriores lineas de tratamiento para caracterizar los patrones de recaida y los resultados. Como
fortalezas del estudio cabe destacar, sin embargo, el gran nimero de pacientes de un solo centro
incluidos en el estudio, diagnosticados y tratados de manera homogénea en cada década, el
grado de detalle de los datos clinicos y de seguimiento, asi como el uso de herramientas

estadisticas robustas (riesgos competitivos y supervivencia relativa).

En nuestro segundo trabajo quisimos explorar el impacto de la edad, la comorbilidad y de la
interaccion entre ellas, en la supervivencia de los pacientes con LF. La mayoria de los indices
prondsticos consideran la edad como uno de los elementos de riesgo adverso®6%-%2, mientras
que el reciente PRIMA-PI® solo tiene en cuenta los niveles de B2M y la infiltracion de MO. Cuando
analizamos la distribuciéon de los indices prondsticos segun franjas de edad, los pacientes mayores
presentaban indices FLIPI y FLIPI2 de mas alto riesgo, y lo siguieron siendo cuando no
consideramos la edad para el célculo, lo que refleja una biologia tumoral méas agresiva en

pacientes de edad avanzada, algo que ya ha sido descrito.

Consideramos particularmente interesante el andlisis de los diferentes endpoints relacionados con
la duracion de la respuesta en base a las franjas de edad. Por convenio, la SLP se calcula como el
tiempo transcurrido entre la primera dosis del tratamiento de primera linea y la progresion,
recaida o muerte por cualquier causa. La incidencia acumulada de recaida es un endpoint que solo
considera como evento la progresion o recaida, mientras que la incidencia acumulada de muerte
sin recaida (non-relapse mortality) toma como evento la muerte por cualquier causa. Al analizar
la SLP en base a la edad, los pacientes mas mayores presentaban una SLP inferior, pero este
hallazgo se debia a una mayor incidencia acumulada de muerte sin recaida, con una incidencia

acumulada de recaida similar. Estos resultados ponen de manifiesto que la duracion de la
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respuesta en los pacientes mayores no es inferior, y que por lo tanto pueden beneficiarse de

recibir tratamiento activo independientemente de su edad.

Como era esperable y se habia publicado previamente’’, la edad méas avanzada se relaciona con
una SG inferior. Al analizar las causas de muerte, la proporcion de pacientes fallecidos por causas
relacionadas con el linfoma (progresion y toxicidad) fue mayor entre los pacientes mas jovenes.
Ademas, el exceso de mortalidad respecto a la poblacién general en el global de pacientes fue
del 15%, pero este impacto fue mas marcado en pacientes mayores (30%), lo que subraya la
necesidad de disefar una estrategia terapéutica adaptada al riesgo y a la esperanza de vida para
todos los pacientes diagnosticados de LF, como se ha propuesto por otros autores'. Estos
hallazgos se alinean con el estudio recientemente publicado por Dinnessen y colaboradores':,
en el que se evidencia un exceso de mortalidad mas marcado entre los pacientes con LF en estadio

avanzado y, especialmente, los mayores de 70 afios.

El segundo estudio que compone la presente tesis es, hasta donde sabemos, el mas amplio de
los que analizan la comorbilidad en pacientes con LF. La mediana de edad avanzada de los
pacientes diagnosticados con esta enfermedad hace que la fragilidad y la comorbilidad sean
elementos claves en su manejo. Méas de la mitad de los pacientes de nuestra serie no presentaba
ninguna comorbilidad relevante, algo que va en la linea de lo publicado en el Unico antecedente
sobre el tema®. La presencia de comorbilidad moderada-grave condicion6 la eleccién de
tratamientos menos intensivos y, a pesar de una incidencia acumulada de recaida similar, la
presencia de comorbilidad supuso una reduccion de la SG, que se mantuvo en el andlisis
multivariado. A pesar de que creemos en el impacto pronostico de la comorbilidad y en su
importancia en la eleccion del tratamiento, consideramos que su evaluacion deberia ser

estandarizada y validada antes de su inclusién en nuevos indices prondsticos.

La comorbilidad también tiene un impacto relevante sobre las causas de muerte. Entre los
pacientes con comorbilidad, la mayoria de los pacientes murid por causas no relacionadas con el
linfoma, mientras que esta proporcion se invirtié entre aquellos sin comorbilidad o en los que
esta era leve. El exceso de mortalidad respecto a la poblacién general también fue mayor en los
pacientes comorbidos. Por Ultimo, y probablemente debido a la existencia de factores de riesgo
comunes entre la comorbilidad y las segundas neoplasias, la incidencia acumulada de segundas
neoplasias fue significativamente mayor entre los pacientes que tenian otras enfermedades aparte

del linfoma.

171



s,

Discusion

Si las caracteristicas demograficas del paciente y genéticas del tumor son factores relevantes en
el desarrollo y progresion del LF, tanto o més lo es la configuracion del microambiente tumoral,
compuesto principalmente por linfocitos, macréfagos y células estromales. Los linfocitos y
monocitos de la sangre periférica se han considerado por algunos autores los representantes
circulantes de las células del microambiente'® y, atendiendo a su accesibilidad, ha crecido el
interés en estudiar parametros hematimétricos con potencial impacto prondstico en linfomas,
como la ratio linfocito/monocito (LMR)'%62%2 | os tres estudios publicados previamente sobre el
LMR en LF no evaluaban su impacto sobre la SG o no mostraron diferencias en este endpoint, por
lo que nuestro objetivo fue explorar dicho parametro en una serie amplia de pacientes

diagnosticados en la época del rituximab.

El grupo de pacientes con un LMR por debajo del punto de corte [(2.5) calculado mediante la
técnica de maximally selected rank statistics y validado mediante bootstrapping] constituia un 20%
de la poblacion del estudio y presentaba una edad mas avanzada y marcadores de mas alta carga
tumoral. Tras recibir esquemas de tratamiento similares, los pacientes con un LMR bajo
presentaron una inferior tasa de respuestas completas y una SLP mas corta, en linea con estudios
previos'’%172, Sin embargo, el impacto prondstico era ain mas evidente sobre la SG: los pacientes
con un LMR bajo tenian una SG a 10 afios de menos de la mitad que la de los pacientes con un
LMR >2.5. Para evitar atribuir el impacto pronéstico de este parametro exclusivamente a la edad
mas avanzada de los pacientes con LMR bajo, realizamos un analisis por subgrupos etarios y un
analisis multivariado, que confirmaron nuestros hallazgos. Un LMR bajo fue también capaz de

predecir un mayor riesgo de TH y de SN.

Dada la importancia de los pardmetros hematimétricos en la evolucion de los pacientes con LF,
se han realizado intentos de incorporar dicha informacién a indices pronésticos establecidos: el
AMC-FLIPI'®8 consideraba la monocitosis (>5.7 x10°/L) como factor de riesgo afadido a los del
FLIPI, mientras que el FLIPI-L" atribuia un punto adicional a los pacientes con linfopenia
(<1x10%L). Hasta la fecha ningun estudio ha combinado indices pronésticos clasicos con el LMR.
Si bien consideramos que un estudio unicéntrico sin cohorte de validacion no deberia proponer
otro nuevo indice prondstico, hicimos el ejercicio de combinar el FLIPI (bajo-intermedio-alto) con
el LMR (</>2.5) para generar seis categorias de pacientes y analizar su SG. Observamos que el
LMR aportaba informacion prondstica en las tres categorias del FLIPI, por lo que la exploracién
de este pardmetro en series externas de pacientes podria ser de interés. En este sentido, un grupo
egipcio ha publicado recientemente un estudio®® sobre el impacto pronéstico del recuento

linfocitario, recuento monocitario y LMR en una serie de 100 pacientes con LF. A pesar de que el
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punto de corte (1.63) fue obtenido mediante una curva ROC, que no son iddéneas en la
categorizacion de variables cuantitativas para predecir supervivencia, un LMR bajo se asocié con

una SG disminuida en el andlisis uni y multivariado.

Por el momento, no comprendemos por completo las interacciones bioldgicas que subyacen a
este claro impacto prondstico. Algunos grupos han propuesto que la secrecién de citocinas por
parte del microambiente podria generar un aumento en el nimero de monocitos, lo que a su vez
podria comprometer la inmunidad antitumoral y favorecer la progresién de la enfermedad’®’. En
este sentido, serd de especial importancia establecer la correspondencia entre las poblaciones
circulantes y las del ganglio de pacientes con LF. Por otra parte, la linfopenia y, por ende, un LMR
bajo podrian reflejar un repertorio disminuido de linfocitos T especificos contra el tumor y una
inmunidad antitumoral deficiente. Ademas, puesto que el rituximab depende de los linfocitos para
ejercer citotoxicidad celular dependiente de anticuerpo, la linfopenia también podria

comprometer la eficacia de la inmunoterapia antiCD20.

En un articulo de correspondencia®® publicado en respuesta al articulo que forma parte de la
tesis, Sorigué y Sancho sugirieron que el impacto prondstico y, por lo tanto, la aplicabilidad clinica
del LMR podria depender del régimen terapéutico, puesto que de él depende también la
composicion del microambiente?®®. Cuando analizamos por separado los pacientes tratados con
R-CHOP/R-COP y aquellos que recibieron R-bendamustina o R-FCM?%, se mantuvo el impacto
del LMR sobre la SG. Esto ha sido recientemente validado en una serie japonesa de 87 pacientes
con LF tratados con R-bendamustina?’. En cambio, entre los pacientes que recibieron un
esquema sin quimioterapia, no hubo diferencias significativas en la SG. Una explicacién para este
hallazgo, aparte del niUmero relativamente bajo de pacientes en este grupo, es que, en nuestro
medio, los pacientes tratados con rituximab en monoterapia tienen por lo general baja carga
tumoral, y solo siete pacientes de este grupo tenian un LMR <2.5, disipando asi el potencial

impacto que podria tener el LMR en el contexto de un ensayo clinico aleatorizado.

Otra de las cuestiones sugeridas por Sorigué y Sancho fue la potencial capacidad del LMR de
predecir el tiempo hasta el primer tratamiento (THPT) en aquellos pacientes inicialmente
considerados candidatos a un manejo expectante. Entre los 119 pacientes que iniciaron
abstencidn terapéutica, la mediana de THPT fue de 2.5 afios, y el LMR no fue Util en su prediccion.
Una vez mas, entre los pacientes inicialmente considerados candidatos a abstencion, solo una

minoria tendran un LMR bajo, por lo que este pardmetro no es un buen discriminador dentro del

grupo.
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También en la linea del estudio del microambiente desde un punto de vista clinicoanalitico se
sitla la hipdtesis del cuarto trabajo. Es bien conocido que algunos sindromes linfoproliferativos
B como la leucemia linfocitica crénica o ciertos linfomas pueden presentar en suero una
inmunoglobulina monoclonal?®®. De hecho, la presencia de una inmunoglobulina monoclonal IgM
en suero es uno de los datos caracteristicos y criterios diagndsticos de la macroglobulinemia de
Waldenstrom?%. Décadas mas tarde de la primera descripcion de un componente monoclonal
sérico (CMs) en neoplasias linfoides B, estudios posteriores han corroborado su existencia en
varios tipos de neoplasias e impacto prondstico adverso en algunas de ellas, particularmente en
LBDCG?"9-26 pero, hasta donde sabemos, esta caracteristica no se habia estudiado en pacientes
con LF. La presencia de una proteina monoclonal circulante en el suero de los pacientes con LF
podria traducir un mayor grado de actividad de las células tumorales o un estado de
diferenciacion particular del linfocito B neoplasico. Nuestro objetivo fue explorar la prevalencia
de una inmunofijacidn sérica (IFs) positiva medida por electroforesis y describir su correlacién con

caracteristicas iniciales y potencial impacto prondstico.

En primer lugar, evidenciamos que en torno a un cuarto de los pacientes con LF presentaba una
IFs positiva (IFs+) en el momento del diagnodstico del LF, lo cual supone una prevalencia similar a
las observadas en otros linfomas indolentes, como el de la zona marginal®'®. Los pacientes que
presentaban una IFs+ presentaban caracteristicas iniciales similares a las de aquellos con una IFs
negativa (IFs—), salvo una edad mas avanzada y niveles mas elevados de B2M. En lo que respecta
al analisis inmunoquimico, el isotipo de cadena pesada mas frecuente fue IgG, con una
distribucién similar entre cadenas ligeras Ky A, algo que contrasta con el predominio del isotipo
IgM en otros estudios de linfoma indolente, probablemente por la inclusién en ellos de un nimero
significativo de linfomas linfoplasmociticos?', o por el nimero reducido de pacientes?'. Algo que
distingue la proteina secretada por este subgrupo de LF de otras gammapatias monoclonales es
su escasa cantidad: en la mayoria de los casos no se evidencié un CMs medible, y aquellos en los

que si lo era, se encontraba en baja concentracién (<4 g/L).

Un fendmeno que invita a la reflexion es la discordancia, tanto topografica como cronoldgica,
evidenciada en algunos casos. Por la primera entendemos una cadena ligera diferente entre la
inmunoglobulina sérica (evaluada por inmunofijacion) y aquella expresada por las células
tumorales en el ganglio (evaluada por inmunohistoquimica). Por la segunda, en cambio, la
positividad para una inmunoglobulina monoclonal diferente (en su cadena ligera y/o pesada) en

el momento del diagndstico y durante el sequimiento (ya sea en la reevaluacion tras el tratamiento
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o en el momento de la recaida). Ademas, una proporcién de pacientes presentaba una IFs positiva
para mas de un isotipo de inmunoglobulina (cadena pesada y/o ligera). Aunque no pudimos
evaluar el impacto pronodstico de la discordancia topografica o cronoldgica por un pequeiio
numero de casos y la presencia de sesgos inaceptables, observamos que los casos con una IFs
biclonal presentaban un peor pronéstico. Las tres situaciones comentadas anteriormente podrian
formar parte de un espectro de desregulacion inmunoldgica asociado a la biologia de los
linfocitos tumorales y a su interaccidon con el microambiente, aunque no existen argumentos a

favor de esta hipotesis.

Aunque los estudios realizados en pacientes con linfoma indolente en la época previa al rituximab
atribuyeron a la presencia de un CMs un impacto prondstico favorable®'!, las ultimas
publicaciones en LBDCG?'321>218 y |a nuestra lo sittan como un factor de mal prondstico. En
nuestra serie, los pacientes con una IFs+ presentaron mayor riesgo de recaida precoz y una SLP y
SG inferior. Esta discrepancia con el estudio de Economopoulos y colaboradores?' podria
explicarse por la heterogeneidad histoldgica de los pacientes incluidos en el estudio y por un
posible papel predictivo (ademas de prondstico) de la presencia de una IFs+ en pacientes tratados

con regimenes que incluyen rituximab.

Como se ha comentado previamente, no conocemos ningun estudio que haya descrito
previamente el aumento en la prevalencia de una IFs+ con la edad en pacientes con linfoma. Sin
embargo, es bien conocido que la incidencia de gammapatias (y en especial las de significado
incierto, o GMSI) es mas alta entre individuos de edad mas avanzada?'®. La frecuencia claramente
superior en nuestra serie a la de la GMSI en la poblaciéon general®®®, sumada al hecho de que
ningun caso de nuestro estudio haya presentado una progresion a mieloma multiple hacen
descartar razonablemente la hipétesis de que se trate de un diagndstico concomitante de un LF
y una GMSI y apoyan la idea de que la inmunoglobulina monoclonal sea secretada por las células

tumorales, posiblemente con la cooperacion del microambiente.

Cuando evaluamos de la IFs+ en la SLP y SG por subgrupos de edad, observamos que este se
mantenia solo en los pacientes mayores, posiblemente debido a la baja frecuencia de una IFs+
entre los pacientes jovenes. Este impacto prondstico se mantuvo ademas en un andlisis
multivariado en pacientes mayores de 60 afos que incluia otros factores clinicos relevantes. Con
estos datos podemos concluir que existe una asociacion entre la edad y la IFs, pero el impacto

prondstico adverso de la IFs+ no se debe Unicamente a una edad mas avanzada de los pacientes.
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Nuestro trabajo presenta las limitaciones inherentes a un estudio unicéntrico, observacional y
retrospectivo. Aunque estos hallazgos apuntan a un posible papel de la IFs como marcador
facilmente accesible de la biologia del linfocito B, la desregulacién inmune y el microambiente, se
requieren mas estudios que validen los resultados y profundicen en aspectos concretos como la
caracterizacion de la poblacién que secreta la inmunoglobulina, la evolucion de la IFs tras el
tratamiento y en la recaida, asi como su papel predictivo en la respuesta a nuevos tratamientos

como la lenalidomida.

El quinto y ultimo de los trabajos que componen la tesis se centra en el estudio genémico de
pacientes diagnosticados de LF con un comportamiento clinico concreto. Como se ha comentado
previamente, se recomienda la abstencion terapéutica para los pacientes en estado avanzado sin
criterios de alta carga tumoral®’3?, la recaida precoz o la refractariedad primaria comprometen
drasticamente la supervivencia de los pacientes®>'8, mientras que una respuesta prolongada
proporciona una esperanza de vida similar a la de la poblacién general™*. Sin embargo, la
identificacion de alteraciones genéticas en los estudios de cohortes no seleccionadas esta limitada

por la pequefa representacion de pacientes con comportamientos clinicos concretos.

En nuestro estudio, efectuamos un andlisis de alteraciones en el nimero de copias (CNA) y de
mutaciones (secuenciacién masiva) sobre muestras de ganglio linfatico obtenidas al diagndstico
y en la recaida. El perfil de CNA identificado fue el tipico de LF, siendo las alteraciones mas
frecuentes las de 1p36.33, 16p13, 1q y la trisomia 7. Aunque estudios recientes han descrito que
una mayor complejidad gendmica se asocia con un peor prondstico en LF3', no pudimos
demostrar diferencias en el perfil del nUmero de copias o en la complejidad genética en base al
comportamiento clinico. Sin embargo, en la busqueda de CNA driver identificamos cinco de ellas
que eran importantes en la patogenia del LF: 1p36.32 (TNFRSF14), 6p21.32 (HLA), 6q14.1
(TMEM30A), 6023.3 (TNFAIP3), 9p21.3 (CDKN2A/B) y 1023.33 (PTEN).

En el perfil mutacional evaluado mediante secuenciacion masiva, observamos que los casos
incluidos en el estudio presentaban alteraciones en modificadores epigenéticos (KMT2D, EP300,
CREBBP, EZH2, ARID1A), proliferacidon y apoptosis (BCL2, TNFRSF14), y sefializacién del (TNFAIP3),
lo que concuerda con estudios previos'¥221222. Observamos también que las alteraciones en
modificadores epigenéticos como KMT2D, EP300, CREBBP, HISTTHE, BCL7A, y en genes
relacionados con la apoptosis (TNFRSF14), son eventos precoces en la evolucion de la
enfermedad, mientras que las alteraciones en la ubiquitinacion y sefializacion (SOCST, CARD11,

CD79By PIMT) aparecen de manera mas tardia. Esto corrobora los hallazgos de estudios previos
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que evidencian que las células precursoras comunes (CPC) estan enriquecidas en mutaciones de
CREBBP y KMT2D, que por lo tanto son consideradas como eventos precoces driver. Aunque las
alteraciones en modificadores epigenéticos son precoces y muy prevalentes en LF, no son
suficientes para dar lugar a un linfoma2?3-2%, Como hallazgo destacable, detectamos la
coocurrencia de ciertas alteraciones genéticas, como la de PIM1, CD79B y BTGZ2. Esta potencial
cooperacion puede ser de relevancia, puesto que afecta a varias vias de sefalizacion [JAK-STAT
(PIMT), BCR (CD79B) y proliferacién (BTG2)] y es mas frecuente en casos con una recaida precoz,

lo que podria indicar un posible papel en el comportamiento clinico de este grupo de pacientes.

A pesar del nimero reducido de casos incluidos en nuestro estudio, observamos que ciertas
alteraciones genéticas (mutaciones o CNA) estaban asociadas con un comportamiento clinico
concreto. Asi, encontramos mas frecuentemente las alteraciones de CARD 117y JUNB en pacientes
gue nunca requirieron tratamiento, mientras que las de PIM1 se asociaron con una duracion de la
respuesta mas corta (casos recaidos precoces o primariamente refractarios. Ademas, las
mutaciones en FOXOT y en TMEM30A se asociaron con una inferior SG. Estos hallazgos son
compatibles con observaciones en otros contextos??62?¢ y, aunque preliminares, abren una via

para su mayor exploracion en grandes cohortes de pacientes.

Los estudios filogenéticos de muestras pareadas entre el diagndstico y la recaida han mostrado
diferentes patrones (lineal/secuencial, divergente y complejo)'*3. A pesar del nimero reducido de
casos con muestras pareadas en nuestro estudio, identificamos la presencia de CPC ancestrales
en todos los casos, ademas de alteraciones gendmicas especificas del diagndstico o de la recaida,
lo que sugiere una evolucion divergente en todos los pacientes analizados. Ademas, los casos que
presentaban una recaida precoz mostraban un nimero mas alto de alteraciones compartidas que
aquellos con una recaida tardia, lo que corrobora los hallazgos de Kridel y colaboradores’,
quienes describieron que las recaidas precoces estan causadas por clones ya detectables en le

momento del diagnostico, con una dindmica clonal poco marcada.

Aunque las tecnologias de secuenciacion masiva han permitido ampliar el conocimiento sobre el
perfil genético del LF, las mutaciones no codificantes siguen siendo poco conocidas.
Recientemente se ha descrito que las mutaciones en el RNA nuclear pequefo U1
(especificamente, en la tercera base: g.3A<C) estan presentes en ciertos tumores sélidos y en la
leucemia linfocitica crénica (LLC)?%°230. En nuestro estudio no observamos esta mutacion en

ninguna muestra correspondiente al diagnostico, y solamente en una muestra a la recaida, lo que
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sugiere un escaso papel de la mutacién en LF, pero una potencial relevancia en la progresion de

la enfermedad.

Finalmente, en el estudio del posible impacto funcional de las mutaciones de PIM1, CD79B, PLCGZ2,
MCL1 e IRF8, observamos ciertas alteraciones que ya habian sido previamente descritas en
neoplasias linfoides, mientras que otras fueron novedosas en este campo, en lo que respecta a

una posible ganancia o pérdida de funcion o mecanismos de resistencia a tratamientos dirigidos.
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1.
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12.

A lo largo de las uUltimas cuatro décadas, los pacientes con LF han experimentado un
aumento en la tasa de respuestas completas tras el tratamiento de primera linea.

Se ha evidenciado una clara mejoria de la supervivencia libre de progresion, global y
relativa, asi como de la incidencia acumulada de muerte por progresion del linfoma.

La proporcion de muertes debidas al linfoma y la incidencia de transformacién histologica

y segundas neoplasias ha permanecido estable en los Ultimos tiempos.

La edad avanzada y la comorbilidad moderada-grave predicen una supervivencia libre de
progresion y global inferiores, a pesar de una incidencia acumulada de recaida similar.
La proporcién de muertes relacionadas con el linfoma (progresion o toxicidad) es mas
alta entre los pacientes jovenes o aquellos sin comorbilidad o con comorbilidad leve.

El exceso de mortalidad respecto a la poblacién general es mayor en pacientes mayores

o comoérbidos.

Los pacientes con una ratio linfocito-monocito (LMR) <2.5 al diagndstico presentan una
edad mas avanzada, peor situacion funcional, marcadores de mas alta carga tumoral y un
indice FLIPI de maés alto riesgo.

Un LMR bajo se asocia con una tasa mas baja de respuestas completas y predice una
supervivencia libre de progresion y global inferiores.

Los pacientes con LMR bajo tienen mayor riesgo de sufrir una transformacion histologica

y segundas neoplasias.

Alrededor de un cuarto de los pacientes con LF presenta una inmunofijacion sérica
positiva al diagnostico, mas frecuentemente IgG-k o IgG-A, con un componente
monoclonal no medible o de escasa cuantia.

La prevalencia de una inmunofijacion sérica positiva aumenta con la edad y se asocia con
niveles elevados de B,-microglobulina.

Los pacientes con una inmunofijacion sérica positiva presentan una supervivencia libre
de progresion y global inferiores, y este impacto es mas marcado en los pacientes

mayores.
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15.

Conclusiones

Las alteraciones genéticas mas frecuentes en nuestra serie de pacientes con LF fueron las
de KMT2D, CREBBP, TNFRSF14, BCL2 y 1p36.33.

Ciertas alteraciones genéticas se asociaron con la necesidad de tratamiento (CARDT1y
JUNB), mientras que otras con la duracién de la respuesta (PIM7) o con la supervivencia
(FOXOTy TMEM30A).

Identificamos hotspots mutacionales conocidos y otros no descritos previamente en el
estudio de impacto funcional (modelado proteico) de genes como CD79B, PLCG2, PIM1,
MCLT e IRF8, lo cual puede explicar la ganancia o pérdida de funcion y la posible

resistencia a terapias dirigidas.
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