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1. SINDROMES MIELODISPLASICOS

1.1 Definicion

Los sindromes mielodisplasicos (SMD) son un conjunto de enfermedades clonales de
las células progenitoras hematopoyéticas caracterizados por la presencia de
hematopoyesis ineficaz (una médula ésea (MO) normo o hipercelular con citopenias a
nivel periférico), rasgos morfolégicos de displasia en las distintas series mieloides y un
riesgo incrementado de transformacidon a leucemia mieloblastica aguda (LMA). Se

clasifican dentro de las neoplasias mieloides.

1.2 Epidemiologia

Los SMD constituyen una de las neoplasias hematolégicas mas frecuentes, sobre todo
en personas de edad avanzada, con una edad media de presentacién de 70 afos,
presentando el 25% de los pacientes diagnosticados una edad superior a 80 afios.
Dado que el diagnédstico de los SMD resulta complejo en algunas ocasiones, su
incidencia exacta es dificil de determinar. La incidencia estimada en Europa Occidental
y Norte América es de 3 a 5 casos por cada 100.000 individuos, que se incrementa a

4 e g
>%5 Esto significa que en

20-50 casos por 100.000 en personas mayores de 60 afios.
Europa se diagnostican anualmente aproximadamente 25.000 nuevos casos, y dado el
progresivo envejecimiento de la poblacion europea, este nimero se incrementara en
los préximos afios.®

Estos datos epidemioldgicos hacen pensar que los SMD seguiran constituyendo una
enfermedad con un impacto importante dentro de la practica clinica diaria de la

hematologia.

Son aproximadamente dos veces mas frecuentes en hombres que en mujeres.?

1.3 Etiologia y factores de riesgo
Los SMD son enfermedades clonales de las células hematopoyéticas.
Aproximadamente del 10 al 20% de los casos ocurren de forma secundaria a agentes

citotdxicos (quimioterapicos y/o inmunosupresores) y/o a radioterapia.”’® EI 80%
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restante son casos espordadicos o de novo. Se han descrito posibles etiologias de estos
SMD primarios, como por ejemplo, la exposicion a tdéxicos medioambientales
(benceno, amonio, disolventes, pesticidas, tabaco, alcohol...).”*°

Existen anomalias hereditarias, como mutaciones en linea germinal del gen GATAZ2,

112 También se detecta

qgue predisponen al desarrollo de sindromes mielodisplasicos.
un riesgo incrementado de desarrollo de sindromes mielodispldsicos en enfermedades
hematoldgicas congénitas como son la anemia de Fanconi, la disqueratosis congénita,

el sindrome de Shachmann-Diamond o el sindrome de Diamond-Blackfan.*?

1.4 Patogenia

Se ha aceptado durante afios que el origen de los SMD estd en una stem cell o célula
madre hematopoyética. Esta afirmacidon estaba basada en estudios de clonalidad
mediante patrones de inactivacion del cromosoma X y en estudios en los que se
identificaron las mismas anomalias cromosdmicas en células de diferentes linajes.™
Una demostracion formal de esto fue llevada a cabo por Woll y colaboradores™ cuyos
resultados proporcionan una fuerte evidencia de que los SMD se generan por la
aparicion de mutaciones en células con el fenotipo de las células madres
hematopoyéticas normales (Lin-, CD34+, CD38-, CD90- (también conocidas como
THY1+), CD45RA-, también conocidas como PTPRC-)). Estas células madres
hematopoyéticas alteradas presentarian una ventaja proliferativa respecto a sus
contrapartidas normales y como consecuencia de esto, las células hijas resultantes

, , . 1
ocuparian la médula ésea.'®

Esto constituiria una hematopoyesis clonal pero, a
diferencia de lo que ocurre en la LMA, estas células clonales retendrian la capacidad de
madurar.'” Estas células presentarian ademas un incremento de la apoptosis, lo que
explicaria la presencia de citopenias a nivel periférico.'® Aunque se ha asumido que el
evento genético inicial de los SMD ocurre sobre una célula madre comprometida hacia
linea mieloide, hoy se sabe que los pacientes con hematopoyesis clonal tienen un
riesgo incrementado de desarrollar tanto patologia mieloide como linfoide. Esto podria
tener dos posibles explicaciones, o bien, existe un solapamiento de las mutaciones

presentes en las diferentes enfermedades, o bien, estas mutaciones ocurren sobre un

precursor comun mas inmaduro.™ Los pacientes con SMD que finalmente desarrollan



Introduccién

una leucemia mieloide adquieren ademads nuevas mutaciones que confieren capacidad
de auto-renovacion, tanto en el compartimento mas inmaduro (stem cell leucémica)
como en progenitores mieloides mas maduros.*

Tanto en los SMD como en otras neoplasias mieloides se ha hipotetizado sobre Ia
existencia de un posible estado “pre-maligno”. Mediante estudios de inactivacion del
cromosoma X, se observd que casi el 40% de las mujeres sanas (sin hemopatia
conocida) de mds de 60 afos estudiadas presentaban mutaciones en TET2, lo que
sugeria la presencia de una hematopoyesis clonal iniciada por una mutacién
somatica.”® Mas recientemente, estudios de secuenciacion del exoma en muestras de
sangre periférica (SP) de mas de 30.000 personas sin historia conocida de hemopatia
maligna demostraron la presencia de mutaciones somaticas recurrentes en genes
asociados a patologia mieloide en casi el 10% de las personas mayores de 65 afos y en

192122 ote fendémeno ha sido

mas del 20% de mayores de 90 afios (Figura 1)
denominado hematopoyesis clonal de significado incierto (CHIP, del inglés clonal
hematopoiesis of indeterminate potencial).”® Los genes en los que se encontré mas
frecuentemente mutaciones fueron DNMT3A, TET2, ASXL1, TP53, JAK2 y SF3B1, todos
ellos descritos en SMD. En estos estudios, la presencia de CHIP fue un importante
predictor del desarrollo de una posterior neoplasia hematoldgica (hazard ratio (HR) =
11.1), con un riesgo anual de 0.5-1% y una disminucién en supervivencia global (SG)
(HR para muerte por cualquier causa=1.4), comparado con el grupo control.” Pese a
estos datos, el riesgo absoluto de desarrollar una neoplasia hematoldgica en personas
con CHIP es bajo, lo que probablemente refleja que para desarrollar la enfermedad es
necesario adquirir mutaciones adicionales. En los modelos de evolucion clonal, la
transiciéon de CHIP a SMD ha sido descrita como un proceso complejo en el que
probablemente intervienen: alteraciones epigenéticas en la stem cell
hematopoyéticau, anomalias en el microambiente medular® y la adquisicién

escalonada de mutaciones adicionales.?®%’
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Figura 1. Prevalencia de mutaciones somdticas seglin la edad. (Adaptado de Jaiswal et al,
2014)."

Estudios de jerarquia de mutaciones en pacientes con SMD han mostrado que las
mutaciones que ocurren en genes de la maquinaria de splicing y de la maquinaria
epigenética parecen eventos iniciales en la evolucion de los SMD, mientras que las
mutaciones en factores de transcripcion (RUNX1, GATA2 y CUX1) pueden ser eventos
tanto iniciales como tardios.”® Qué mutacién y cuando aparece podria explicar en
parte el fenotipo de la enfermedad, como es el caso de la asociacién de la mutacién de

SF3B1y los SMD con sideroblastos en anillo.”"

Si bien se ha descrito que los CHIP pueden preceder al SMD, la evolucién a LMA podria
considerarse el estadio final de la evolucion de la enfermedad (Figura 2)*. Esta
transicidn suele conllevar la adquisicidon de alteraciones genéticas asociadas a LMA,
como mutaciones en genes que codifican para moléculas de las vias de transduccién
de seiales, como FLT3 y N-RAS, 32 5 mutaciones inactivadoras de genes que codifican
para factores de transcripcién como CEBPA. En comparacion con las LMA de novo, las
LMA secundarias a SMD presentan una mayor frecuencia de mutaciones en SRSF2,

SF3B1, U2AF1, ZRSR2, ASXL1, EZH2, BCOR y STAG2.*?
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Figura 2. Modelo de evolucién de hematopoyesis normal a LMA pasando por fases de CHIP y
SMD. (Adaptado de Steensma et al, 2015).

Pese a todos estos avances en el conocimiento de la patogenia molecular de los SMD,
existen numerosos aspectos desconocidos. La ausencia de mutaciones somaticas no
excluye el diagndstico de SMD vy, por otro lado, el hallazgo de mutaciones no es
sinédnimo de neoplasia.

Tal y como ocurre con las mutaciones, las alteraciones cromosdmicas pueden actuar
como eventos iniciadores o conductores (driver) en el desarrollo de SMD o LMA. En
multiples estudios se ha intentado definir cudles son los genes patogénicos

involucrados en las deleciones mds frecuentes.>*

1.5 Manifestaciones clinicas

Aunque algunos pacientes pueden estar asintomaticos y ser diagnosticados a raiz del
hallazgo incidental de una alteracidon en el hemograma, la mayoria de los pacientes
presentan sintomas derivados de la presencia de citopenias. La intensidad de los
sintomas dependera del grado de las citopenias. La anemia suele ser la citopenia mas
frecuente. En ocasiones aparecen sangrados asociados a la trombocitopenia y otras
veces fiebre o infecciones recurrentes asociadas a la neutropenia. Las visceromegalias

son poco frecuentes.”
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2. DIAGNOSTICO Y CLASIFICACION DE LOS SINDROMES MIELODISPLASICOS
El diagndstico de los SMD requiere la presencia de citopenia/s persistente/s en
presencia de al menos una de las siguientes:

1) displasia en una o mas lineas celulares y/o aumento de mieloblastos

2) anomalias citogenéticas clonales.
Los SMD son cuadros clinicamente heterogéneos agrupados por una serie de
caracteristicas comunes: citopenia/s, hematopoyesis ineficaz, rasgos morfoldgicos de
displasia y un riesgo variable de transformaciéon a LAM. La presencia de displasia y/o
citopenias no son exclusivas de SMD y cuando estdn presentes es imprescindible
descartar otras multiples causas, clonales o no clonales (Figura 3).%> Por estas razones
su diagndstico es complejo y requiere la integracién de los aspectos clinicos y los
resultados de varias técnicas. Para llevarlo a cabo es necesario conocer los datos
clinicos (anamnesis y exploracidn fisica), de laboratorio (hemograma completo),

morfoldgicos (estudio de SP y MO), asi como, citogenéticos.>® 2

P AR //\\
/ Fanconi /
Aplastic Anemia Anemia /| Acute Myeloid \

/

HIV

EBV \\‘ » Leukemia /|
| Medications Hep B/C —f—
\ ) WY
Autoimmu} A ‘/\ Paroxysmal
Disorders Hepatic or :::;:::::‘a Myelodysplastic Myeloproliferative |
Renal Disease Syndromes (MDS) ! Neoplasms

/\/ 7
Alcohol
Abuse

Vitamin Deficiencies
Copper Deficiency
Iron Deficiency

Non-Clonal Clonal

Figura 3. Diagndstico diferencial de los SMD con otras causas de citopenias clonales o no

clonales. (Adaptado de Béjar et al, 2015).35

En el estudio de una citopenia, encontrar signos de displasia junto a una alteracién

1,7,39

citogenética clonal permite el diagndstico concluyente de SMD. Pero en muchas

ocasiones el cariotipo es normal y el diagndstico se basa exclusivamente en la
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evaluacidon morfoldgica. En estas circunstancias, especialmente en los casos en los que
las dismorfias son poco evidentes o no existe un exceso de blastos, el estudio
inmunofenotipico mediante citometria de flujo, la evaluacién histoldgica de la médula

osea y/o el estudio molecular, pueden ayudar al diagndstico de la enfermedad.

2.1 Criterios minimos para el diagndéstico de SMD

En el aino 2007 un comité de expertos de diferentes grupos cientificos con experiencia
en el diagndstico y manejo de los SMD (NCCN (National Comprehensive Cancer
Network), IWG (International Working Group) y ELN (European Leukemia Net)

definieron unos criterios minimos para el diagndstico de SMD.*°

Prerrequisitos (se deben cumplir ambos):

1) Presencia de una o mas citopenia/s persistente/s al menos 6 meses (hemoglobina
<11/dL, neutrdfilos <1.500/uL y/o plaquetas <100.000/uL).

2) Exclusion de otras enfermedades hematoldgicas y no hematoldgicas como causa de

citopenia y/o displasia.

Criterios decisivos (se debe cumplir al menos 1):

1) Displasia en al menos el 10% de las células de 1 6 mas de las lineas mieloides en
MO.

2) Presencia de 5-19% de blastos en MO.

3) Alteraciones cromosdmicas tipicas de SMD identificadas mediante citogenética

convencional o FISH (59—, -7, +8, 20g-, otras).

Co-criterios (cuando se cumplen los prerrequisitos pero no los criterios decisivos, y el
paciente presenta un cuadro clinico muy sugestivo de SMD, como por ejemplo,
requerimiento transfusional):

1) Fenotipo atipico en MO por citometria de flujo que indica poblacién monoclonal.

2) Datos moleculares de clonalidad: HUMARA, perfil génico, mutaciones puntuales
(RAS).

3. Disminucion de la formacidon de colonias en MO y/o SP.
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Cuando el paciente presenta una citopenia persistente pero no cumple los criterios
minimos para establecer el diagndstico de SMD se denomina citopenia refractaria de
significado incierto o ICUS (del inglés, Idiopathic cytopenia of undetermined
significance).*® Se conoce como displasia idiopatica de significado incierto o IDUS (del
inglés, Idiopathic dysplasia of undetermined significance) aquella situacion en la que
existe una displasia persistente como signo de hematopoyesis clonal pero sin

citopenias.*' Ambas condiciones podrian preceder a un SMD.*?

2.2 Clasificacion de los SMD

2.2.1 Clasificaciéon FAB

En el afio 1982 un grupo cooperativo Franco-Americano-Britanico (FAB) llevd a cabo la
primera clasificacion de los SMD (Tabla 1).* En ella se definieron cinco categorias de
SMD en funcion de las siguientes variables: cifra de monocitos en SP, porcentaje de
blastos en SP y MO, presencia de bastones de Auer y el porcentaje de sideroblastos en
anillo (sideroblastos con 5 0 mas granulos de hemosiderina en localizacién perinuclear
y que ocupa al menos 1/3 del contorno del nucleo®). Esta clasificacion fue la mas

utilizada durante casi 20 afios, ya que presentaba utilidad diagndstica y pronéstica.

Tabla 1. Clasificacion FAB de los SMD.*

Blastos SP Blastos MO Monocitos SP  Sideroblastos en
(%) (%) (x10°/1) anillo MO (%)
AR <1 <5 <1x10%/L <15
Sin bastones de Auer
ARSA <1 <5 <1x10%/L >15
Sin bastones de Auer
AREB <5 5-19 <1x10%/L Indiferente
Sin bastones de Auer
AREB-T >5 20-29 6 <1x10%/L Indiferente
Con bastones de Auer
LMMC MD/MP <5 0-20 >1x10°/L Indiferente

Abreviaturas. AR: anemia refractaria; ARSA: anemia refractaria con sideroblastos en anillo; AREB: anemia refractaria
con exceso de blastos; AREB-T: anemia refractaria con exceso de blastos en transformacion; LMMC: leucemia
mielomonocitica crénica; MD: variante mielodisplasica, <13x10° leucocitos/L; MP: variante mieloproliferativa,
>13x109 leucocitos/L; SP: sangre periférica; MO: médula dsea.
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2.2.2 Clasificacion OMS 2001

En el afio 2001, la OMS elaboré una nueva clasificacidon en la que incorpordé nuevos
conocimientos morfolégicos y citogenéticos con objeto de mejorar la relevancia clinica
y prondstica de las distintas categorias. Asi, teniendo en cuenta el numero de
citopenias, el nimero de lineas mieloides con displasia significativa, el porcentaje de
blastos en SP y MO, la presencia o no de bastones de Auer, el porcentaje de
sideroblastos en anillo y la presencia o no de delecién (5q) aislada, definié 8 categorias

(Tabla 2).*

Tabla 2. Clasificacion OMS 2001 de los SMD.*

Blastos Blastos Sideroblastos en

Citopenias SP(%) MO (%) anillo MO (%) Displasia
AR Anemia <1 <5 <15 Eritroide
ARSA Anemia 0 <5 215 Eritroide
CRDM 263 <1 <5 <15 22 lineas
CRDM-SA 263 <1 <5 215 >2 lineas
AREB-1 1 o varias <5 5-9 Indiferente Indiferente
AREB-2 1 o varias 5-19 10-19 Indiferente Indiferente
Bastones de Auer*

SMD del(5q) Anemia <5 <5 Indiferente Megacariocitos con

Plaquetas N o A\ nucleo hipolobulado
SMD 263 <1 <5 Indiferente 1linea

inclasificable

*La presencia de bastones de Auer es diagndstica de AREB-2, independientemente del resto de las caracteristicas.
Abreviaturas. AR: anemia refractaria; ARSA: anemia refractaria con sideroblastos en anillo, CRDM: citopenia
refractaria con displasia multilinea; CRDM-SA: citopenia refractaria con displasia multilinea con sideroblastos en
anillo; AREB: anemia refractaria con exceso de blastos; N: cifra normal; SP: sangre periférica; MO: médula ésea.

Los principales cambios respecto a la clasificacién FAB son:

- Elimina el subtipo de anemia refractaria con exceso de blastos en transformacién
(AREB-T). Los casos que presentan 20% o mas blastos son diagnosticados de LMA.

- Los casos que presentan t(8;21)(q22;922), inv(16)(p13.1;922), t(16;16)(p13.1;p22) 6
t(15;17)(g22;912), son diagnosticados de LMA independientemente de la cifra de
blastos.

- En los casos de anemia refractaria y anemia refractaria sideroblastica la displasia

debe estar limitada a la serie eritroide.

11
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- Se define un nuevo grupo de “citopenia refractaria con displasia multilinea”, ya que la
presencia de displasia multilinea en los SMD sin exceso de blastos ha demostrado

tener un impacto prondstico desfavorable.””™’

Se considera que una linea presenta
displasia significativa cuando el 10% o mas de sus elementos en MO presentan
dismorfias.

- La anemia refractaria con exceso de blastos (AREB) se divide en 2 grupos, AREB-1y
AREB-2.

- La LMMC deja de formar parte de los SMD y pasa al grupo de neoplasias
mieloproliferativas/mielodisplasicas (NMP/SMD).

- Define el “sindrome 5q” como una entidad concreta dentro de los SMD.

- La presencia de bastones de Auer es diagndstica de AREB-2, independientemente del
resto de las caracteristicas. En la clasificaciéon FAB era diagndstico de AREB-T.

Esta clasificacién que tuvo una gran aceptacion, fue validada de forma prospectiva por

el grupo de Diisseldorf en el afio 2006.*®

2.2.3 Clasificacion OMS 2008

En el afio 2008, se publicd una nueva clasificacion OMS® (Tabla 3), en la que se
introducen los siguientes cambios:

- Los pacientes con citopenia/s persistente/s sugestiva/s de SMD pero sin rasgos
morfoldgicos concluyentes de SMD pueden ser diagnosticados de SMD si presentan
alteraciones citogenéticas caracteristicas de SMD (se enumerardn posteriormente).

- El término anemia refractaria es sustituido por el término mas genérico de citopenia
refractaria con displasia unilinea. Dentro de esta categoria se encuentran la anemia
refractaria, la neutropenia refractaria y la trombocitopenia refractaria.

- En la citopenia refractaria con displasia multilinea se elimina la distincion entre <15%
0 215% sideroblastos en anillo.

- Los pacientes que tienen 2-4% de blastos en SP y menos de 5% de blastos en MO son
diagnosticados de AREB-1 si cumplen criterios de SMD.

- El término “sindrome 5q” se restringe a pacientes con unas caracteristicas clinicas
concretas. Para la categoria se crea el término mas genérico “SMD con delecién 5q

aislada”.

12
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- Se define la entidad provisional citopenia refractaria de la infancia.

Tabla 3. Clasificacion OMS 2008 de los SMD.*

Blastos Blastos Sideroblastos en

Citopenias SP(%) MO (%) anillo MO (%) Displasia
CRDU 162 <1 <5 <15 1linea
ARSA Anemia 0 <5 215 Sélo eritroide
CRDM Citopenia/s <1 <5 Indiferente >2 lineas
AREB-1 Citopenia/s <5 5-9 Indiferente Indiferente
AREB-2 Citopenia/s 5-19 10-19 Indiferente Indiferente
Bastones de Auer*

SMD del(5q) Anemia <1 <5 Indiferente Megacariocitos con

Plaquetas N o A\ nucleo hipolobulado
SMD Citopenias <1% <5 <10% en 21 linea
inclasificable mieloide

Alteraciones CG

*La presencia de bastones de Auer es diagndstica de AREB-2, independientemente del resto de las caracteristicas.
Abreviaturas. CRDU; citopenia refractaria con displasia unilinea; ARSA: anemia refractaria con sideroblastos en
anillo; CRDM: citopenia refractaria con displasia multilinea; AREB: anemia refractaria con exceso de blastos; SP:
sangre periférica; MO: médula dsea.

A continuacion se describen de forma somera cada uno de los subtipos de SMD segun

la clasificacion OMS 2008.

Citopenia refractaria con displasia unilinea (CRDU)

Este grupo supone entre un 10 y un 20% de los SMD. Incluye los pacientes con una
citopenia o bicitopenia, displasia en sélo una de las lineas mieloides, menos de 1% de
blastos en SP, menos de 5% de blastos en MO y menos de 15% de sideroblastos en
anillo. Este grupo contiene fundamentalmente anemias refractarias (anemia con
diseritropoyesis), y con menos frecuencia, neutropenias refractarias (neutropenia con
disgranulopoyesis) 'y trombocitopenias refractarias (trombocitopenia con
dismegacariopoyesis). En algunas ocasiones la linea displasica y la citopenia no

coinciden.

Anemia refractaria con sideroblastos en anillo (ARSA)
Representa el 3-11% de los SMD. Se define como la presencia de anemia, displasia en
la serie eritroide y 15% o mas sideroblastos en anillo (eritroblasto con 5 o mds granulos

de hemosiderina en localizacion perinuclear y que ocupa al menos 1/3 del contorno
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del nucle053). Para su diagndstico es necesario descartar otras causas de sideroblastos
en anillo (alcohol, benceno, plomo, sobrecarga de zinc, deficiencia de cobre,
isoniacida, anemia siderobldstica congénita). Estos pacientes suelen presentar anemia
normocitica o macrocitica. En los casos en los que la cifra de plaguetas sea igual o
superior a 450x10°/L el diagndstico serd de anemia refractaria con sideroblastos en
anillo y trombocitosis marcada, diagndstico no incluido en los SMD sino en las
NMP/SMD.! En el aspirado medular tefiido con May-Griinwald-Giemsa se suele
observar una MO con celularidad incrementada, numerosos mastocitos de morfologia
normal, un incremento de Ila serie eritroide y rasgos de diseritropoyesis,
principalmente eritroblastos en los que coexiste distribucion andémala de Ia

4950 con la tincién de Perls, ademéas de los

hemoglobina y punteado baséfilo.
sideroblastos en anillo se suele observar un incremento de macroéfagos con sobrecarga
férrica. La mutacion del gen SF3B1 estd presente en aproximadamente el 80% de los
SMD con sideroblastos en anillo. *7!

Citopenia refractaria con displasia multilinea (CRDM)

Supone aproximadamente el 30% de los SMD. Para su diagndstico se requiere la
presencia de displasia significativa (presente en 210% de los elementos) en al menos
dos de las tres series mieloides, menos de un 1% de blastos en SP y menos de 5% de

blastos en MO. A diferencia de la clasificacion OMS 2001, no se hace distincion de

subgrupos en funcion del nimero de sideroblastos en anillo.

Anemia refractaria con exceso de blastos (AREB)

Aproximadamente un 40% de los SMD corresponden a esta categoria. Se distinguen 2
subgrupos, AREB-1 (2-4% blastos en SP y 5-9% de blastos en MO) y AREB-2 (5-19%
blastos en SP y 10-19% de blastos en MO). Cualquier SMD que presente bastones de

Auer se clasifica como AREB-2.

Sindrome mielodisplasico con delecién 5q aislada

Se incluyen en esta categoria aquellos SMD que presentan pérdida del brazo largo del
cromosoma 5 como alteracion citogenética Unica (o asociada a pérdida del cromosoma
Y), con menos de 1% de blastos en SP y menos de 5% de blastos en MO. Generalmente

cursa con anemia y plaguetas normales o elevadas, y a nivel citoldgico suele cursar con
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una disminucién del porcentaje de serie eritroide y la presencia de megacariocitos con
nucleo monolobulado. La displasia de las otras series suele ser poco evidente. El
término “sindrome mielodispldsico”, inicialmente descrito por Van den Berghe et al en
1974, queda limitado a los casos con anemia macrocitica, plaquetas normales o
elevadas e hipoplasia eritroide.’® La regién cominmente delecionada en esta entidad
tiene aproximadamente 40 genes.52 Mediante la técnica de ARN de interferencia se ha
observado como la inhibicién del gen RPS14 provoca un fenotipo medular similar al
que provoca la del(5q).>® La delecién de 5q podria provocar una menor expresion de
RPS14 por haploinsuficiencia, y esto a su vez un incremento de la expresion total de
p53 en los precursores eritroides.”® El bloqueo de dos microRNA, miR-145 y miR-146a
también se ha correlacionado con un fenotipo de mielodisplasia asociada a
trombocitosis en modelos murinos.> Por Gltimo, se ha sugerido que el mecanismo de
expansion clonal de esta entidad podria deberse a la expansion de B-catenina por

haploinsuficiencia del gen CSNK1A1.%°

Sindromes mielodisplasicos inclasificables

Este grupo lo conforman:

- Pacientes con caracteristicas de CRDU o CRDM pero con un 1% de blastos en SP.

- Casos con displasia unilinea pero con pancitopenia.

- Pacientes con citopenia persistente, <1% blastos en SP, <5% blastos en MO, displasia
en alguna de las lineas mieloides pero en porcentaje menor al 10% y alguna de las

alteraciones citogenéticas caracteristicas de SMD (se trataran con posterioridad).

Formas especiales de SMD
Si bien no constituyen subgrupos individualizados en la clasificacion OMS, los SMD
asociados a fibrosis (SMD-F) y los SMD hipoplésicos, presentan ciertas caracteristicas

distintivas.

SMD hipoplasico. Aproximadamente el 10% de los SMD cursa con hipocelularidad en el

momento del diagnéstico. Esto conlleva dificultad en el diagndstico diferencial, sobre
todo con la aplasia medular. Es obligatorio descartar asimismo la presencia de

toxicidad medular por farmacos y/o enfermedades autoinmunes.

15



Estrategias de mejora en la evaluacién diagnéstica y pronéstica de los SMD

SMD con mielofibrosis. En aproximadamente el 15% de los pacientes con SMD se ha

observado fibrosis reticulinica significativa. Esta circunstancia suele asociarse a un alto
requerimiento transfusional, trombocitopenia, displasia multilinea, exceso de blastos y
alteraciones citogenéticas de mal pronéstico.57'59

En ambas formas especiales de SMD estaria indicada la realizacién de biopsia de
médula dsea.”**%0 %2

En la elaboracion de la clasificacién OMS 2008 se produjo una falta de consenso entre
los miembros del comité de expertos sobre cémo establecer el porcentaje de blastos
en MO de aquellos pacientes con SMD que presentan un incremento de la de serie
eritroide (250% eritroblastos en MO), en base a la totalidad celular (TC) o en base al
compartimento celular no eritroide (CNE). La recomendacién final fue que en aquellos
casos con >50% eritroblastos se debia hacer un recuento de blastos de la celularidad
no eritroide. Si en este recuento en CNE el nimero de blastos era 220% se debia
establecer el diagndstico de LA eritroide/mieloide o eritroleucemia, y si era <20% se
debia diagnosticar de SMD. En esta ultima circunstancia, recomendaban considerar la
cifra de blastos resultante del recuento de la TC para establecer el subtipo de SMD." En

la Tabla 4 se resumen las caracteristicas morfolégicas de las neoplasias mieloides que

cursan con 250% eritroblastos en MO, segun la clasificacion OMS 2008.}

Tabla 4. Caracteristicas morfoldgicas de las neoplasias mieloides que cursan con 50% o mds
eritroblastos en MO (OMS 2008). !

% Eritroblastos en MO Hallazgos en SP/MO Otros hallazgos Diagnostico
>50% SP: >20 blastos 6 Criterios de LMA con  LMA con cambios
MO: 220 blastos de TC cambios relacionados  relacionados con
con mielodisplasia* mielodisplasia
>80% precursores Escasos Escaso componente  Leucemia eritroide
eritroides inmaduros granulocitico pura
250% SP: <20 blastos MO: 220% blastos de Eritroleucemia
MO: <20 blastos de TC CNE
250% SP: <20 blastos MO: <20% blastos de SMD
MO: <20 blastos de TC CNE (para subclasificarlos

usar el porcentaje de
blastos de la TC)

* Criterios de LMA con cambios relacionados con mielodisplasia: historia previa de SMD o NMP/MD, o alteraciones
citogenéticas relacionadas con mielodisplasia o displasia multilinea (presencia de rasgos displasicos en 250% de los
elementos de al menos 2 de las 3 series mieloides). Todo ello en ausencia de antecedente de tratamiento
quimioterdpico o radioterapico y en ausencia de alteraciones citogenéticas recurrentes. !

Abreviaturas. MO: médula désea; SP: sangre periférica; TC: totalidad celular; LMA: leucemia mieloblastica aguda.
CNE: celularidad no eritroide.
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2.2.4 Revision 2016 de la clasificacion OMS
En 2016, Arber y colaboradores publicaron un articulo en el que se recogen las
modificaciones fundamentales incluidas en la revisién de la clasificacién OMS (Tabla

5)’ y que enumeramos a continuacion:

- Se sustituye el término “citopenia refractaria” por “sindrome mielodispldsico”,
con ello se obvia el problema de nomenclatura que surge en la infrecuente
situacion en la que la citopenia no coincide con la linea displasica.

- Se especifica que para diagnosticar un SMD inclasificable, definido por la

presencia de 1% de blastos en SP y <5% de blastos en MO, el blasto en periferia
debe haber sido observado en al menos 2 controles.
Se elimina el recuento de blastos de la celularidad no eritroide en todas las
circunstancias. Con esto, los casos previamente diagnosticados de LAM
mieloeritroide o eritroleucemia (250% eritroblastos, <20% blastos de la
celularidad total, >20% blastos de la celularidad no eritroide) quedan
clasificados como SMD, mayoritariamente SMD con exceso de blastos. Para ello
se argumenta que las eritroleucemias presentan caracteristicas clinico-
bioldgicas y curso clinico mas parecido a los SMD que a las LAM. 53¢

- Se especifica que aunque en IPSS-R se han descrito nuevos umbrales en las
citopenias con valor prondstico, la OMS sigue utilizando los niveles del IPSS
(hemoglobina<10g/dL, neutrdfilos <1.8x10°/L y plaquetas <100x10°/L). El
diagndstico de SMD puede realizarse con cifras superiores a estas sin existen
evidentes signos de displasia, pero siempre tiene que existir al menos una
citopenia.

- Debido a que se ha observado que la presencia de una alteracién Unica afadida
a la delecién 5q no empeora el pronéstico de la ésta ultima,®® se incluyen en la
categoria de “SMD con delecién 5q aislada” aquellos pacientes que presentan
delecién 5qg y otra alteracién citogenética, siempre que no se trate de
monosomia 7 o delecion 7q.

- Los pacientes con >15% de sideroblastos en anillo, sin exceso de blastos ni
del(5q) se consideran “SMD con sideroblastos en anillo”, y se establecen dos

subtipos, con displasia unilinea o con displasia multilinea. En aquellos casos en
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los que la mutacién de SF3B1 esta presente, encontrar 5% de sideroblastos en

anillo es suficiente para hacer el diagndstico.

Tabla 5. Revisién 2016 de la clasificacion OMS.’

Lineas . . 0 Blastos Blastos
displasicas CtoPenias - % SA sp MO €6
SMD con DU 1 162  <150<5* <1 <5 Cualquiera®
SMD con DM >1 1-3 <15 0<5* <1 <5 Cualquiera§
SMD con SA:
-DU 1 162  215025* <1 <5 Cualquiera®
-DM >1 1-3 >15 0 >5* <1 <5
SMD con del(5q) 1-3 162 Indiferente <1 <5 del(5q) 6
aislada del(5q)+1
(salvo -7 6 del(7q))
SMD con EB
- SMD-EB1 0-3 1-3 Indiferente  2-4 59 Cualquiera®
- SMD-EB2 0-3 1-3 Indiferente 5-19 10-19 6 Auer Cualquiera§
SMD inclasificable
- 1% blastos SP 1-3 1-3 Indiferente 1 <5 Cualquiera§
- Pancitopenia + DU 1 3 Indiferente <1 No Cualquiera§
- Alt CG sin displasia 0 1-3 <15" <1 Auer CG de SMD

*Si esta presente la mutacidon de SF3B1. SNo criterios SMD del(5q) aislada. #Si >15% de SA, se considera displasia
eritroide significativa = SMD con SA y displasia unilinea.

Abreviaturas. DU: displasia unilinea; DM: displasia multilinea; SA: sideroblastos en anillo; EB: exceso de blastos; SP:
sangre periférica; CG; citogenética; MO: médula ésea.

En esta revisidn de la clasificacion OMS ha sido referenciado el primer trabajo de la

presente tesis.

2.3 Valor diagnéstico de la citologia de sangre periférica y médula ésea

Pese a constituir la base del diagnéstico de los SMD, los rasgos morfoldgicos de
displasia no son especificos, por lo que no constituyen una evidencia inequivoca de la
presencia de un trastorno cloral. Ante la sospecha de un SMD resulta imprescindible
descartar otras causas de displasia.

Un requisito indispensable para llevar a cabo una correcta evaluacidn citolégica es
disponer de un material en optimas condiciones técnicas. Se recomienda valorar
extensiones de sangre periférica y de médula dsea obtenida mediante puncién
aspirativa tefiidas con una tinciéon pandptica, a ser posible sin anticoagulante (o que

haya pasado menos de 2 horas en EDTA). En ambas muestras se llevara a cabo un
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recuento porcentual de blastos. La valoracién cuantitativa de los signos de displasia se
llevara a cabo en las extensiones de médula dsea. Ademas, es necesario valorar una
extension de médula désea tenida con Perls para evaluar los depdsitos de hierro del
sistema mononuclear-fagocitico y realizar un recuento porcentual de sideroblastos. Al
igual que ocurre con otras técnicas especializadas, la evaluacién citomorfoldgica
requiere profesionales experimentados.69

Para realizar el diagndstico de SMD segun la clasificacion OMS 2008 se requiere la
presencia de citopenias, displasia en una o varias de las 3 lineas mieloides (eritroide,
megacariocitica y granulocitica) y menos de 20% de blastos. Se considera que una linea
presenta displasia significativa cuando el 10% o mas de sus elementos en médula dsea
presentan dismorfias. Para la evaluacién de los rasgos de displasia se recomienda la
valoracion de 30 megacariocitos, 200 neutréfilos y sus precursores, y 200 precursores
de serie eritroide. Para establecer el porcentaje de blastos se recomienda realizar un
recuento diferencial en 200 leucocitos en sangre periférica y en 500 células en médula
6sea.’

En la Tabla 6 se enumeran los rasgos de displasia descritos en la clasificacion OMS

2008.!

Tabla 6. Rasgos de displasia descritos en la clasificacidn OMS 2008 y en publicaciones del
IWGM-MDS. 70772

Diseritropoyesis Disgranulopoyesis Dismegacariopoyesis
Puentes internucleares Microcitosis o0 megaloblastosis Micromegacariocitos*
Irregularidades del contorno Hipolobulacién nuclear (pseudo  Megacariocitos de nucleo hipo
nuclear Pelger-Huét) o monolobulado
Cariorrexis Hipersegmentacion irregular Multinucleacidn (binucleados o
. . . ., con nucleos sueltos
Multinuclearidad Hipogranulacién o )

.z . . . s #
. ., desgranulacion Dilataciones citoplasmaticas
Hiperlobulacién nuclear

Cambios megaloblasticos GraTnula.uon pseudo Chediak-
Higashi
Sideroblast ill
ideroblastos en anillo Bastones de Auer

Vacuolizacién Lo
Macropolicitos

PAS positividad

* Definicidn: megacariocito del tamafio aproximado de un promielocito o mas pequefio, con nucleo no lobulado o
. # N . . . or: . . . .
bilobulado. * Dismorfias no incluidas en la clasificacion OMS pero descritas en publicaciones del IWGM-MDS.
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En la Figura 4 se recogen ejemplos de elementos con rasgos displdsicos en la serie

eritroide, granulocitica y megacariocitica.

»

Figura 5. Elementos de serie eritroide, granulocitica y megacariocitica con rasgos displasicos.
A: eritroblasto binucleado; B eritroblasto con irregularidad del contorno nuclear vy
degeneracion megaloblastica de la cromatina; C: cariorrexis; D: eritroblastos con puente
internuclear; E: elemento con punteado basdfilo y distribucién anémala de la hemoglobina; F:
neutrdéfilos hipogranulados e hiposegmentados tipo Pelger-Huét; G: neutrdéfilo con “nucleo en
donut”; H: neutrdfilos desgranualdos, con apéndices y bolsillos nucleares; I: neutrdéfilos con
hipercondensacién cromatinica tipo clumping; J: neutrdfilo hipersegmentado (pleocariocito);
K: megacariocitos con nucleos sueltos; L: megacariocito binucleado; M: megacariocito de

nicleo monolobulado; N: micromegacariocito; N: agrupacién de micromegacariocitos.

Debido a que algunos de estos pardmetros morfolégicos son poco objetivos y poco
especificos, puede existir dificultad para realizar el diagndstico. En un intento de
mejorar la identificacion de los signos de displasia el IWGM-MDS (del inglés
International Working Group on Morphology Of Mpyelodysplastic Syndromes) ha
publicado varios trabajos en los que se revisa: 1) definicidn de mieloblastos vy

sideroblastos en anillo;* 2) evaluacién morfolégica de los monocitos y sus
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precursores;’® 3) definicion de disgranulopoyesis;’* 4) evaluacion de la
dismegacariopoyesis.72

Otro de los problemas a la hora de aplicar la clasificacion OMS es que el criterio del
10% para considerar una linea como displdsica estd muy préximo a los valores de
displasia observados en personas sanas y considerados fisioldgicos. Algunos autores
sugieren elevar este umbral o establecer umbrales diferentes para cada una de las
lineas mieloides.”®

En 2014, se publicd un estudio en el que se definiéd un score morfoldgico con una alta
sensibilidad y especificidad para el diagnéstico de SMD derivado del analisis

retrospectivo de 1076 pacientes con citopenias.”*

2.4 Valor diagnéstico de la citogenética

2.4.1 Alteraciones citogenéticas en los SMD

Alrededor de un 30-50% de los pacientes con SMD de novo presentan un cariotipo

75-78

alterado. Este porcentaje se incrementa en los SMD secundarios a tratamiento

(therapy related myeloid neoplasms, en la literatura), en los que se observan
alteraciones citogenéticas hasta en un 80% de los casos.”>®
Los SMD con cariotipo alterado generalmente presentan pérdidas (deleciones o

75-78

monosomias) y/o ganancias (trisomias) de material genético. Son muy poco

frecuentes las translocaciones equilibradas.76'77’81

Las alteraciones citogenéticas mas frecuentes son: delecién de una parte del brazo
largo del cromosoma 5 (del(5q) o 5g-, =30%), monosomia total o parcial del
cromosoma 7 (-7/del(7q) o 7g-, =20%), trisomia del cromosoma 8 (=15%), pérdida de
una parte del brazo largo del cromosoma 20 (del(20q) o 20g-, =10%) y pérdida del
cromosoma sexual masculino (-Y, =6%). En aproximadamente un 15% de los pacientes
se detecta un cariotipo complejo, es decir 3 6 mas alteraciones.”®”’

En la Figura 5 se representa la incidencia de las alteraciones cromosémicas mas

frecuentes en los SMD.®
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17p abnormalities

Complex =3

2-5% abnormalities
Poor 10-15%
Poor
del(20q) + 1 Normal 40%
other abnormality Good
2-5%

Intermediate

del (20q)
isolated
2-5%
Good

Trisomy 8 isolated
10-15%
Intermediate

Chr 5 and 7 abnormalities -‘ del (5q) isolated

10-15% Chr 7 abnormalities 10% 5-10%
Intermediate Poor Good

Figura 5. Incidencia de las alteraciones cromosdmicas mas
frecuentes en los SMD. (Adaptado de Raza and Galili, 2012).%°

En la Tabla 7 se enumeran las alteraciones cromosémicas recurrentes asociadas a SMD
segun la clasificacion OMS. Estas alteraciones son diagndsticas de SMD en caso de
citopenias aunque no existan datos morfolégicos concluyentes de SMD, salvo en los
casos con trisomia 8, del(20q) y —Y.' En la clasificacién OMS 2016, la delecién 9q
desaparece de este listado por su frecuente asociacion con la presencia de la mutacion

de NPM1, y por lo tanto, con un curso clinico mas caracteristico de LMA.’

Tabla 7. Alteraciones citogenéticas asociadas a SMD segun la clasificacion OMS 2008.

Alteraciones balanceadas Alteraciones no balancedas

Alteracion Frecuencia Alteracion Frecuencia

+8 10%* t(11;16)(q23;p13.3) 3%"
-7 6 del(7q) 10% t(3;21)(q26.2;G22.1) 2%"
-5 6 del(5q) 10% t(1;3)(p36.3;921.2) 1%
del(20q) 5-8%* t(2;11)(p21;923) 1%
-Y 5%%* inv(3)(q21;926.2) 1%
i(17)(q10) o t(17p) 3-5% t(6;9)(p23;934) 1%
-13 6 del(13q) 3%

del(11q) 3%

del(12p) 6 t(12p) 3%

del(9q) 1-2%

idic(X)(q13) 1-2%

*La presencia de estas alteraciones citogenéticas de forma aislada, sin criterios morfoldgicos
concluyentes de mielodisplasia, no es suficiente para establecer el diagndstico de SMD.
# . . . . .

Porcentajes referidos a SMD secundario a tratamiento previo.

En la Tabla 8 se enumeran las alteraciones citogenéticas mas frecuentes en cada uno

de los subgrupos morfoldgicos de la clasificacion OMS 2008.%%

22



Introduccién

Tabla 8. Alteraciones citogenéticas mas frecuentes en los distintos subgrupos morfolégicos de
la clasificacion OMS 2008.

% aproximado de Alteraciones cromosdmicas

Subtipo OMS cariotipo alterado (ordenadas por frecuencia)

CRDU 25-30% -7/de(7q), del(5q), cariotipo complejo

ARSA 10% +8

CRDM 50% 7/de(7q), cariotipo complejo. del(5q),+8

AREB-1 50% del(5q), cariotipo complejo, 7/de(7q), +8, del(20q)
AREB-2 55% Cariotipo complejo, +8, del(5q), -7/del(7q), del(20q)
SMD con del(5q) 100% del(5q)

Abreviaturas. CRDU; citopenia refractaria con displasia unilinea; ARSA: anemia refractaria con sideroblastos en
anillo; CRDM: citopenia refractaria con displasia multilinea; AREB: anemia refractaria con exceso de blastos; SP:
sangre periférica; MO: médula dsea.

Algunas de estas alteraciones citogenéticas se han relacionado con alteraciones
morfolégicas especificas: del(5q) y megacariocitos con nucleo monolobulado o
hipolobulado, del(17p) con neutréfilos hiposegmentados tipo Pelger-Hiiet y neutrofilos
pequefios y vacuolados, y por ultimo, alteraciones en el cromosoma 3
(inv(3)(g21;926.2) o t(3;3) (g21;926.2) con aumento de megacariocitos de tamafio

pequefio que forman agrupaciones.”
2.4.2 Técnicas de analisis genético

2.4.2.1 Citogenética convencional

La técnica de citogenética convencional permite obtener una informacién global del
genoma mediante el estudio del tamafo y la forma de los cromosomas. Un
cromosoma es la estructura de maxima compactacién de la cromatina, formada por
ADN y proteinas, que se forma durante la fase de divisién celular o mitosis. Por este
motivo, para el estudio de citogenética es necesario realizar un cultivo celular para
obtener cromosomas en metafase.

En los SMD el tejido de eleccién para el estudio de anomalias cromosdémicas es la MO
obtenida mediante puncion-aspiraciéon. En aquellos casos en los que no pueda
obtenerse una muestra de médula dsea, el empleo de muestras de sangre periférica

(especialmente, si la proporcion de blastos se sitia entre el 10-20%) puede ser
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informativo. Sin embargo, la ausencia de anomalias cromosdmicas en la muestra de
snagre no descarta la presencia de alteraciones en las células de la MO.

La muestra de MO debe obtenerse con las maximas condiciones de esterilidad y ha de
conservarse en tubos con heparina sédica como anticoagulante (aproximadamente 20
unidades/mL total de muestra). Segun la experiencia de cada centro se puede ademas
afiadir medio de cultivo suplementado o no con antibiéticos.

Cuando deba descartarse que la alteracidn cromosdémica hallada en MO pueda tener
un caracter constitucional, como en los casos con presencia de trisomia 8, se requerird
asimismo un estudio de sangre periférica estimulada con fitohemaglutinina o una
biopsia de piel.®*

Para el estudio de los SMD se recomienda un cultivo celular corto (generalmente 24-48
horas). A ser posible, la concentracion éptima debe ser de 2 millones de células/mL de
cultivo. Una vez finalizado el tiempo de cultivo se procede a la detencidon en metafase,
choque osmotico, fijacién y bandeo (segun los estdndares de cada laboratorio).

Se han descrito varias técnicas de tincion que permiten obtener un perfil de bandas
especificas para identificar cada cromosoma. La mds utilizada es la técnica de bandas
G, que usa el Giemsa como colorante. Este tiene una afinidad diferente por las
diferentes regiones cromosdmicas en funcidon de su contenido en: Adenina - Timina
(bandas oscuras, pobres en genes) o Citosina — Guanina (bandas claras, ricas en genes).
El andlisis del cariotipo permite la identificacion de 22 pares de cromosomas
autosodmicos y una pareja de cromosomas sexuales (X e Y), que van a conformar el
cariotipo. Se deberan evaluar al menos 20 metafases, aunque el analisis de una cifra
inferior de metafases se considera informativo si se detecta una anomalia de caracter
clonal.®® La nomenclatura utilizada para describir el cariotipo, ya sea normal o
patoldgico, es un sistema estandarizado e internacionalmente consensuado que se
denomina ISCN (International System for Human Cytogenetics Nomenclature). Esta
nomenclatura se revisa y actualiza peric’>dicamente.84 Se considera que una alteracién
es clonal si aparece en dos células en casos de ganancias o alteraciones estructurales,
o en tres células en caso de pérdidas.

8586 o| estudio

En algunos pacientes con SMD, entre el 6 y el 20% segun las series,
citogenético convencional resulta no valorable por la obtencién de un numero

insuficiente de metafases analizables. Las causas por las que el cultivo citogenético
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falla pueden deberse tanto a caracteristicas intrinsecas de la enfermedad como a
problemas técnicos (muestra insuficiente, cultivo en centro de referencia muchas
horas después de la extraccién de la muestra, etc). En estos pacientes resulta de

utilidad la aplicacién de otras técnicas genéticas.

2.4.2.2 Hibridaciodn In Situ Fluorescente (FISH)

La técnica de Hibridacién in situ fluorescente (FISH, del inglés fluorescence in situ
hybridization) permite detectar y localizar secuencias especificas de ADN que no
pueden ser detectadas por técnicas de bandeo cromosémico.®’ Puede realizarse sobre
preparaciones cromosomicas, extensiones celulares y cortes de tejido. Basada en la
propiedad del ADN para desnaturalizarse y renaturalizarse, consiste en la hibridacion
de una secuencia conocida de ADN (sonda) sobre su secuencia complementaria en la
muestra problema, tanto en metafase como en interfase. Las sondas deben estar
marcadas previamente con moléculas fluorescentes, de forma directa o indirecta. El
analisis de esta técnica se realiza en el microscopio de fluorescencia. Esta técnica
permite la deteccion de alteraciones numéricas y estructurales de los cromosomas, asi
como definir cromosomas marcadores.

La técnica de FISH se implementd en los afios 80 y supuso un gran avance en el estudio
citogenético constitucional y en el estudio de alteraciones citogenéticas adquiridas,
tanto en tumores sélidos como en neoplasias hematolégicas.

En el caso de los SMD, las Guias Espafiolas de diagndstico y tratamiento de los SMD
recomiendan la aplicacion de FISH en pacientes en los que no se disponga de cariotipo
0 en pacientes con cariotipo normal pero en los que no se han podido analizar un
minimo de 20 metafases. En esos casos las sondas a estudiar son las de 5qy 7q, ya que
tienen implicaciones prondsticas y terapéuticas. Otras sondas que podrian resultar de
utilidad son la centromérica del cromosoma 8, 17p13, 20q y cromosoma Y. En los SMD,

el estudio mediante FISH no debe sustituir al estudio citogenético convencional.®®

2.4.2.3 Microarrays genémicos
Un microarray es una coleccion de bioelementos ordenados ortogonalmente en filas y
columnas sobre un soporte sélido. Esta matriz permite la realizacion de multiples

determinaciones en un mismo procedimiento. Segun el bioelemento presente en el
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soporte se pueden distinguir diferentes tipos de microarray, entre los que destacan los
gendmicos (ADN), de expresion (ADN copia), de tejido (cilindros de tejido parafinado),
de células o de proteinas.

Los microarrays gendémicos permiten la deteccion de alteraciones en el nimero de
copias del ADN (CNA). Se distinguen dos tipos de microarrays gendmicos: microarrays
de hibridacion gendmica comparada (CGH, del inglés Comparative Genomic
Hybridization) y microarrays de polimorfismos de nucleétido Unico (SNP, del inglés
single nucleotide polymorphims).

Los microarrays de CGH surgieron en los afios 90 como una evolucién de la técnica de
hibridacién genémica comparada.® La técnica de hibridacién genémica comparada se
basa en la hibridacién competitiva de ADN tumoral y ADN normal, cada uno de ellos
marcado con fluorocromos diferentes. Esta hibridacion se lleva a cabo en una
extension de metafases normales sobre un portaobjetos y consigue una resolucién de
s6lo 5-10 Mb. En los microarrays de CGH la hibridacién se lleva a cabo sobre un
soporte sélido con miles o millones de sondas que cubren todo el genoma o una regién
concreta del mismo, permitiendo un estudio completo a una mayor resolucion: 200-
300 Kb para microarrays de BAC y 50-80 pb para microarrays de oligonucleétidos.?®
Los microarrays de SNP fueron descritos en el aino 2000, y contienen variantes de SNP
ademas de oligonucledtidos.”® A diferencia de los microarrays de CGH, la hibridacién
es no competitiva, es decir, la muestra tumoral se hibrida sobre un microarray y los
resultados obtenidos se comparan con una muestra control del mismo paciente
hibridada en un microarray independiente o con bases de datos de poblacién normal.
La principal ventaja de este tipo de microarrays es que ademas de permitir la
deteccidon de ganancias o pérdidas de ADN permite conocer el origen parental de cada
copia cromosdmica. De esta manera se pueden identificar alteraciones alélicas que no
impliquen un cambio en el nimero de copias como son las disomias uniparentales
(UPD, del inglés uniparental disomy), donde las dos copias de una determinada region
cromosémica pertenecen al mismo progenitor (pérdida de una parte de un
cromosoma y reemplazamiento del mismo por una copia exacta del cromosoma
presente). La consecuencia patogénica de la UPD es la pérdida se heterocigosidad de
dicha region (LOH, del inglés loss of heterozigosity). Si en esa regién existe una

mutacion se encontrara en estado homocigoto lo cual puede favorecer el desarrollo
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tumoral.*? En la Figura 6 se esquematizan las consecuencias patogénicas de la pérdida
de heterocigosidad.93
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Figura 6. Pérdidas de heterocigosidad por delecion o por disomia uniparental, y sus
consecuencias patogénicas. El esquema muestra dos tipos de pérdida de heterocigosidad
(LOH) con el cromosoma 7 como ejemplo, una monosomia a la derecha y una disomia
uniparental (UPD) a la izquierda. En la parte inferior, se muestran los posibles mecanismos
patogénicos de las LOH. La UPD puede resultar en la duplicacién de una mutacién somatica
activadora, conferir homocigosidad de un polimorfismo en la linea germinal que en
condiciones normales estd en forma heterocigética, o bien, duplicacion del patrén de
metilacion materna o paterna con activacidn o inactivacién total del alelo duplicado. En la
delecion, se puede producir hemicigosis de un polimorfismo de linea germinal, que el alelo
restante albergue una mutacidn somatica inactivadora o pérdida de funcidén, haploinsuficiencia
(Adaptado de Maciejewski and Mufti, 2008).%*

En esta tesis se han utilizado dos tipos de microarrays de SNP de Affymetrix®:

- Genome-Wide Human SNP Array 6.0®: contiene 906.600 sondas para SNP y 946.000
para la deteccién del nUmero de copia.

- Cytoscan HD®: contiene 750.000 sondas para SNP y 1.950.000 para la deteccidon del

numero de copia.

En la Tabla 9 se muestra una comparacion de las ventajas y desventajas de las

diferentes técnicas de deteccion de alteraciones citogenéticas usadas en el estudio de
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los sindromes mielodisplasicos.”

Tabla 9. Comparacion de las técnicas de andlisis citogenético (Adaptado de Maciejewski et al,
2009).”

Técnica Citogenética Hibridacion in Microarrays Microarrays
convencional situ fluorescente gendmicos de CGH gendmicos de SNPs

Resolucion Baja Baja Alta Alta
Sensibilidad 10% Alta 20-30% 20-30%
N idad obtencio

ece/s: ado e.n'C/.o,n Si No No No
de células en division
Distincid
. lslt/ﬁaon entre clones Si No No No
individuales
Vision global del genoma Si No Si Si
D .

eteccionde si si No No
alteraciones equilibradas
Deteccion de LOH No No No Si

Abreviaturas: CGH: hibridacion gendmica comparada, (del inglés Comparative Genomic Hybridization; SNP:
polimorfismo de nucleétido Unico, (del inglés single nucleotide polymorphims); LOH: pérdida de heterocigosidad,
(del inglés loss of heterozigosity).

2.4.2.4 Técnicas de secuenciacion
En la ultima década las técnicas de secuenciacion del ADN han supuesto un gran
avance en el conocimiento de la patogenia los SMD ya que, cdmo se ha comentado
previamente, se asume que éstos surgen de la adquisicion secuencial de mutaciones
somaticas. Con la progresiva optimizacién de estas técnicas, tanto desde el punto de
vista econdmico como en el tiempo de procesamiento y andlisis, el estudio de perfiles
de mutaciones se va introduciendo en el ambito clinico, y cada vez son mds los centros
que incluyen técnicas de biologia molecular como parte de los estudios a realizar en
. 36
pacientes con SMD.
La aplicacion de las técnicas de secuenciacién masiva ha permitido la identificacion de
. . . . 31,96-98
una serie de genes recurrentemente mutados en neoplasias mieloides .
Posteriormente se han aplicado paneles dirigidos a un nimero concreto de genes en
los que se ha encontrado que el 90% de los pacientes con SMD presentan al menos

una mutacién,?991%

Aunque el niumero de genes implicados en la patogenia de los
SMD es amplio, se pueden agrupar en categorias en funcion del proceso celular en el

que intervienen: factores de la maquinaria de splicing o de ensamblaje del ARN,
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reguladores epigenéticos, cohesiones, factores de transcripcion, reguladores del daio

al ADN y moléculas implicadas en la transduccién de sefales.

Factores de splicing

Se conoce como splicing celular al proceso de maduracién del ARN mediante el cual se
eliminan los intrones y se ligan los exones. Hasta el 60% de los SMD presenta
mutaciones en alguno de los componentes de la maquinaria de splicing, los mas
frecuentes SF3B1, SRSF2, U2AF1, ZRSR2 y PRPF8.>°>' Generalmente son mutaciones
mutuamente excluyentes que surgen de la sustitucién de un Unico aminoacido en una
region hotspot. La mutacion del gen SF3B1 es la primera y mas frecuente de las
mutaciones descritas en estos factores, y esta presente en aproximadamente el 80%

de los SMD con sideroblastos en anillo.?*™!

Reguladores epigenéticos (metilacion del ADN y modificacion de histonas)

Se han descrito mutaciones en genes encargados de la metilacién del ADN, como son
DNMT3A, que codifica para una ADN metiltransferasa,'® y TET2, que codifica para un
enzima que hidroxila citosinas metiladas para iniciar el proceso de demetilacién del
ADN.% La actividad de TET2 también puede verse afectada por mutaciones en IDH1 e
IDH2.*%2 Asimismo se han detectado mutaciones que implican pérdida de funcién en

genes de los complejos de modificacidn de histonas, como son ASXL1y EZH2 100

Cohesinas

Las cohesinas son un complejo de proteinas (SMC1A, SMC3, RAD21, STAG1 y STAG2)
involucrado en la separacion de las cromatides en la mitosis celular. En los SMD se han
descrito mutaciones mutuamente excluyentes en los genes que codifican para estas

proteinas.m‘104

Factores de transcripcion
La diferenciacidn de las células hematopoyéticas implica la activacion programas de
expresion génica especificos de linea mediante factores de transcripcion como GATA2,

RUNX1 y CUX1. En los SMD se han descrito mutaciones somaticas en estos genes y, en
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familias con sindromes de insuficiencia medular, mutaciones de los mismos en linea

germinal.‘cﬂ'100

TP53

El gen supresor de tumores TP53 presenta un papel fundamental en la coordinacion de
la respuesta frente al estrés celular y al daifio del ADN ya que tiene funciones en el
control del ciclo celular y la apoptosis. Las mutaciones en TP53 son frecuentes en los
SMD secundarios a tratamiento quimioterdpico, observada en hasta un 40% de éstos

105

segln las series.” > Estas mutaciones generalmente se asocian a deleciones de 17p,

cariotipo complejo, trombocitopenia, y se han asociado a mal prondstico.”

En la Figura 7 se resume la distribucidén de las anomalias recurrentes y las alteraciones

. - 106
citogenéticas en los SMD.
Splicing Factors (~50%) Both Splicing Factors (SF) & Epigenetic Regulators (~45%)
pieng K Epigenetic Regulators (ER) -TET2  (20%)
- SF3B1 (18%) Overlap (25%) -ASXLT (15%)
- U2AF1 (12%) o
[ Share (1o ~EEalien)
- o
:gﬁse'fsz gZZ; -IDH1/2  (5%)

- Others  (5%)

Often co-occur except
for TET2 and IDH

Rarely co-occur with
each other

TP53 and no SF or ER (~5%)

Often complex karyotypes with
frequent del(5q), abnormal
chromosome 7, and monosomies

No Common Abnormality (~5%) Other mutations less frequent

Karyotype Abnormality Only (~5%) Mutations in Other Genes Only (~15%)

- Transcription Factors
RUNX1, ETV6, PHF6, GATAZ, ...
- Kinase Signalling
NRAS, KRAS, JAK2, CBL, ...
- Cohesins
STAG2, SMC3, RAD21, ...
- DNA Repair

Figura 7. Distribucidn de las anomalias recurrentes y las alteraciones citogenéticas en los SMD.
(Adaptado de Béjar, 2014).*%

Pese a estos avances en el conocimiento molecular de los SMD, la incorporacion de
esta informacidn a los criterios diagndsticos de SMD es aun limitada. Una de las causas
de esto es que las mutaciones recurrentes asociadas a SMD no son especificas de esta
enfermedad y se han observado en otras neoplasias que plantean el diagndstico
diferencial con los SMD, como son las LAM, las NMP y las NMP/SMD. Ademas, algunas

19,107
E

de estas mutaciones se han observado en personas sin hemopatia conocida. n
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estudios que intentan correlacionar genotipo y fenotipo se ha observado que la
presencia de mutaciones en genes implicados en la metilacién del ADN, las cohesinas,
la via de RAS o en componentes de la maquinaria de splicing distintos de SF3B1, se
asocia a displasia multilinea.'®® La clasificacion OMS 2016 sélo incluye por el momento
la mutacién del gen SF3B1 para definir un grupo de pacientes con sideroblastos en

anillo y buen pronc')stico.7

2.5 Valor diagnéstico de la citometria de flujo.

Los pacientes con SMD presentan alteraciones fenotipicas en los distintos
compartimentos celulares tanto en sangre periférica como en médula ésea. Aunque
ninguna de estas aberraciones fenotipicas es patognomodnica de SMD, su estudio
mediante citometria de flujo constituye una herramienta de apoyo en el diagndstico

101,109
d

de esta enfermeda , ¥ ha sido incluida como técnica complementaria en las

recientes clasificaciones y guias clinicas de diagndstico y tratamiento de los
SMD.1'7'36'39'61'62

En los ultimos afos diversos grupos han trabajado en la estandarizacién metodolégica
de la técnica: obtencién y conservacion de la muestra, protocolos de marcaje celular,
condiciones de los equipos, clones de anticuerpos y fluorocromos conjugados y su
organizacién en paneles, andlisis e interpretacion de los datos).**%

Las alteraciones fenotipicas mas frecuentemente observadas en los SMD son: 1)
alteracion en los parametros fisicos (side scatter, SSC y forward scatter, FSC) de
algunas poblaciones celulares (p.ej: pérdida de complejidad de la serie granulocitica),
2) blogueos madurativos que se pueden detectar como un incremento de células
inmaduras (p.ej: incremento de celularidad CD34+); 3) asincronismos madurativos, es
decir, expresion temprana de antigenos propios de estadios mas avanzados de
maduracion, o a la inversa; 4) alteracion de los patrones madurativos (p.ej:
CD11b/CD13 y o CD11b/CD16 en neutrdfilos); 5) alteracién en la expresion (infra o
sobrexpresién) de determinados antigenos (p.ej: pérdida de expresién de HLA-DR en
linea monocitica); y 6) expresion aberrante de antigenos asociados habitualmente a
otra linea celular (p.ej: expresién del marcador linfoide CD7 en mieloblastos). %31

Se han desarrollado sistemas de puntuacion o scores en los que se combinan

parametros fenotipicos y que muestran una alta sensibilidad, aunque una menor

31



Estrategias de mejora en la evaluacién diagnéstica y pronéstica de los SMD

especificidad, para la deteccidn del probable origen clonal de citopenias en pacientes

114,115 .
Varios

que no presentan marcadores morfoldgicos o citogenéticos concluyentes.
estudios han avalado la utilidad de la citometria de flujo como herramienta para
diferenciar SMD de citopenias de significado incierto, asi como para distinguir entre
casos con displasia uni- o multilinea.****

La evaluacién cuantitativa de los blastos de médula 6sea mediante citometria de flujo
presenta ciertas limitaciones que dificultan su exactitud y reproducibilidad (problemas
relacionados con el procesamiento de la muestra, obtencién de muestras
hemodiluidas, en ocasiones los blastos son dificiles de separar de otras poblaciones

17 por esta

celulares mediante SSC/FSC, no siempre expresan el antigeno CD34, etc.).
razon, en las guias actuales de diagndstico y clasificacién de los SMD se hace hincapié
en que la cifra de blastos por citometria de flujo no debe sustituir al recuento

mediante citologia dptica. »7363961.62

2.6 Valor diagnéstico del estudio histolégico e inmunohistoquimico de la médula

Osea

La biopsia de médula ésea (BMO) es una técnica complementaria al aspirado medular
en el diagndstico de los SMD. Su realizacion es imprescindible cuando se sospecha la
presencia de mielofibrosis o un SMD hipoplasico (aspirado seco o con grumo medular

. 1
con escasa celularidad).”?®

La BMO permite valorar la celularidad de la MO,
habitualmente elevada en los SMD. Es una técnica con muy escaso rendimiento para la
evaluacion de los signos de displasia, probablemente su utilidad en este aspecto esta
limitada a la serie megacariocitica.' En la BMO de los SMD con exceso de blastos se ha
descrito ademds de un incremento de los mismos en forma de agregados (3-5) o
clusters (>5), una localizacién anémala a nivel centromedular, alejados de los espacios
vasculares y las trabéculas, que son su localizacidn normal. Son los llamados ALIP, del
inglés  atypical  localization of immature  precursors.**®*°  La  tincidén
inmunohistoquimica con anti-CD34 puede ser util para realizar una estimacién del
numero de blastos, sin embargo, este recuento no debe sustituir nunca al realizado
mediante citologl'a.l'36 En las citopenias de significado incierto (ICUS) esta indicada la

realizacion de BMO como parte del diagnéstico diferencial.*

32



Introduccién

3. EVALUACION PRONOSTICA DE LOS SINDROMES MIELODISPLASICOS

3.1 Factores prondsticos

Bajo el nombre de SMD se incluyen entidades con una evolucion clinica muy variable,
desde procesos indolentes con supervivencias esperadas de mas de 10 afos a cuadros
mas agresivos con una esperanza de vida de pocos meses. Por lo tanto es vital una
adecuada evaluacidon prondstica de los pacientes con SMD con objeto de
proporcionarles tratamientos adaptados a su riesgo.

En los ultimos afios se han llevado a cabo multiples estudios que han permitido la
identificacion de factores prondsticos. A continuacion se enumeran una serie de

factores asociados a mal prondstico en los SMD en el momento del diagndstico:

- edad avanzada, relacionada con la SG pero no con un mayor riesgo de

transformacion a LMA, %1%

- sexo femenino,*?%**

- presencia de comorbilidades, también con un impacto en la SG pero no en el

riesgo de LMA,22715

. .z . . . . . . 126-12
- exposicidn previa a quimioterapia y/o radioterapia,*****®

- niveles séricos elevados de LDHY, Beta—2—microg|obuIina130, y
. . 131
eritropoyetina,

- niveles séricos elevados de ferritina (>1000 ng/ML), lo cual parece tener un

. . Ny 132
impacto tanto en SG como en riesgo de evolucién a LMA, 3

- numero e intensidad de las citopenias,120'121’133_137

- incremento de blastos en SPy MO,""***

. 1
- presencia de bastones de Auer,>’?%*

- displasia multilinea, 3%

- presencia de neutrdfilos hiposegmentados tipo Pelger  y/o
Micromegacariocitos,138

- fibrosis medular grado moderado/grave. Esta aproximadamente en el 15% de

los SMD, sobre todo en subtipos con exceso de blastos,57_59

- localizacién atipica de precursores inmaduros (ALIP),t8119:139

- cariotipo complejo, alteraciones en cromosoma 7,”®77:120,140-142
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- mutaciones de p53, RAS, etc.

3.1.1 Valor prondstico de la citologia

Los subtipos morfolégicos de la clasificacion OMS 2008 tienen un impacto prondstico
en cuanto a supervivencia global y a riesgo de transformacién a LMA.! Segin dicha
clasificacién los SMD pueden agruparse en 3 grupos de riesgo. El grupo de riesgo bajo
incluiria las CRDU y las ARSA. El grupo de riesgo intermedio estaria constituido por las
CRDM vy los AREB-1. Los pacientes con AREB-2 constituirian el grupo de alto riesgo.
Esto fue validado por una cohorte independiente.'*?

La presencia de displasia multilinea (displasia en al menos 2 de las tres series
mieloides) en SMD sin exceso de blastos se ha correlacionado con un peor prondstico
en los SMD sin exceso de blastos.” 348144

El hallazgo de neutrdfilos hiposegmentados tipo Pelger (210%) y micromegacariocitos
(210%) se ha relacionado con una menor supervivencia. Matsuda et al publicaron un
estudio en el que la presencia de disgranulopoyesis superior al 10% y/o la
dismegacariopoyesis superior al 40% eran factores prondsticos independientes para
supervivencia global y supervivencia libre de transformacién a leucemia aguda.l‘?’8

La presencia de sideroblastos en anillo asociada a la mutacion de SF3B1 se ha
relacionado con un pronéstico favorable. 2931

El porcentaje de blastos en sangre periférica y médula 6sea tienen un papel
fundamental en el diagnéstico y clasificacién de los sindromes mielodisplésicos.l’7'39
Asimismo, la cifra de blastos en médula dsea constituye un factor prondstico
independiente en esta patologia y es una de las variables que forma parte de los

indices prondsticos mas utilizados. 24

La técnica gold-standard para establecer el
porcentaje de blastos en médula dsea sigue siendo la citologia. Aunque en algun
estudio se ha observado una buena correlacién entre el porcentaje de blastos por
morfologia y el porcentaje de células CD34+ por citometria de flujo, esta ultima debe

ser Unicamente orientativa.” **’
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3.1.2 Valor prondstico de las alteraciones citogenéticas
Las alteraciones citogenéticas tienen un valor prondstico independiente en SMD

76,77,1201407142 Etaplecer el peso prondstico real de

demostrado en numerosos trabajos.
cada una de ellas es dificil por 2 razones fundamentales: 1) algunas son poco
frecuentes con lo cual es dificil disponer de un elevado nimero de pacientes que la
presenten para poder establecer su impacto; 2) las alteraciones pueden aparecer de
forma aislada o asociadas, incluso en cariotipos complejos. En la Tabla 10 se recogen
las alteraciones citogenéticas mas frecuentemente observadas en SMD mediante la
técnica de citogenética convencional y el valor prondstico que se les ha otorgado en

los diferentes estudios.®>*2%4
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Tabla 10. Valor prondstico de las alteraciones citogenéticas mas frecuentes (Adaptado de Haase et al, 2008).%

Numerode % casos
Autor, ailo pacientes alterados Categoria prondstica
Bueno Intermedio Malo
Knapp et al., 1985 174 38 Normal Complejo
Nowell et al., 1986-1989"***" 144 44 59-, 20q- +8 -7/79-
Billstrém et al., 1988"* 169 44 Normal, 59- +8 -7/79-
Pierre et al., 1989" 247 43 Normal Complejo
Morel et al., 1993™* 408 37 Normal, 5q-, -Y, -7/79-, 20q- +8 Complejo
Toyama et al., 1993 401 50 +8 -7/79- Complejo
White et al., 1994 198 38 Normal, 5¢- 12p-, +21 Complejo, +8, 20g-
Greenberg et al., 1997'° 816 40 Normal, 59-, 20q-, -Y El resto Complejo, alteraciones del cromosoma
7

Solé et al., 2005”° 968 51 Normal, 5g-, 20q-, -Y, 11qg-, 12p-  t(3q), +8, +9, t11q, 17p- Complejo, -7/79-, i(17q)
Haase et al., 2007” 2072 51 Normal, +1/+1q, t(1q), 59-, t(3q), -7/ 79-, Complejo (>3), t(5q)

t(7q), 99-, 12p-, +8, 119-, t(11g23),

alteracion del 15, t(17q), +19, complejo (=3)

209-, =21, + 21, -X, =Y
Bernasconi et al., 2007"" 491 60 Normal, 5g-, 20q-, -Y, 11qg-, 12p- -7/79-, el resto Complejo, alteraciones de 3q
Pozdayakova et al., 2008" 1029 45 Normal, 5g-, 20g-, -Y +8, el resto Complejo, -7/74-
Schanz et al., 2012 2801 45 Normal, 59-, 20q-, -Y, 12p-, 11g-,  79-, +8,i(17q), +19, el resto, Complejo, inv(3)/t(39)/39-, -7, doble

doble con 5g- otras dobles con -7/79-
Greenberg et al., 2012 7012 37 Muy bueno: -Y, 11qg- 79-, +8, +19,i(17q), resto, otras  Malo: -7, inv(3)/t(3q)/3q, doble con -

Bueno: Normal, 5g-, 12p-, 20q-,
doble con 5g-

dobles

7/7q, complejo (=3 alteraciones)
Muy malo: complejo (>3 alteraciones)
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Varios estudios han mostrado que las alteraciones detectadas mediante FISH tienen un

valor diagndstico y prondstico similar a las observadas mediante citogenética

convencional. Sin embargo, la informacidn que aporta estd limitada a las sondas
- I . .. 153,154

utilizadas por lo que no debe sustituir al estudio del cariotipo.

Diversos grupos han explorado el valor prondstico de las alteraciones citogenéticas

155,156,157

detectadas mediante CGH o SNP arrays. En dichos estudios los arrays

gendmicos permitieron la deteccion de mas alteraciones citogenéticas que la

135 En los andlisis

citogenética convencional, especialmente en los SMD de bajo riesgo.
de supervivencia, aunque limitados debido a que las series son pequefias y con un
seguimiento corto, mostraron que los pacientes con lesiones detectadas Unicamente
mediante SNP-A presentaban una peor supervivencia que los pacientes con cariotipo
normal mediante citogenética convencional.™®® Dadas las ventajas y desventajas
inherentes a cada técnica, se llevd a cabo un estudio multicéntrico para evaluar la
aplicabilidad y la utilidad de la combinacién de citogenética convencional y SNP-A en
una cohorte de 430 pacientes con SMD (n=250), NMP/SMD (n =95)y LMA (n = 85).%’
La combinacién de ambas técnicas permitid la deteccién de un mayor nimero de
anomalias en todos los subgrupos de pacientes. Se observé una peor SG y una menor
supervivencia libre de progresién (SLP) en los pacientes en los que se detectaron
alteraciones en comparacién con los que no las tenian. En los pacientes con IPSS de
bajo riesgo la presencia de alteraciones mediante SNP-A conllevaba una peor SG.
También se observé que a mayor nimero de alteraciones peor SG, SLP y supervivencia
libre de evento (SLE). En el analisis multivariante tanto el hallazgo de nuevas
alteraciones mediante SNP-A, como el niumero de las mismas, mantuvieron su valor

prondstico independiente para SG y SLE.™’

3.1.3 Valor prondstico de las mutaciones

Se han publicado varios estudios en los que se ha evaluado el impacto prondstico de

97,99,100

las mutaciones asociadas a SMD en series amplias de pacientes. Las

conclusiones fundamentales que se extraen de ellos:

- A mayor numero de mutaciones, el prondstico de los pacientes empeora.97'99
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- Algunas mutaciones se correlacionan con el prondstico favorable (SF3B1) o adverso
(TP53, EZH2, ETV6, RUNX1, ASXL1 y SRSF2).

- La presencia de la mutacion de TP53 se ha relacionado con una peor respuesta al
tratamiento con lenalidomida en pacientes con SMD y del(5q).158’159

La incorporacion de la informacidn prondstica de las mutaciones a los indices
prondsticos cldsicos no parece afiadir por el momento una gran mejora de los mismos

debido a la probable interrelacion de dichas mutaciones y factores como la cifra de

blastos y el cariotipo.'®®

3.1.4 Valor prondstico de las alteraciones inmunofenotipicas

En los ultimos anos, la citometria de flujo ha demostrado tener un papel util en la
estratificacion prondstica de los pacientes con SMD. 161162

Varios estudios han correlacionado la presencia de un mayor nimero de alteraciones
fenotipicas con los SMD de alto riesgo respecto a los de bajo riesgo.'®® Asimismo,
algunas aberraciones fenotipicas concretas han mostrado un valor prondstico
independiente, como son una disminucién en el porcentaje de precursores linfoide B,
la disminucion de granularidad de la linea neutrdfila, disminucién de la expresidn de

CD45 en mieloblastos, alteracion en la expresién de CD36 en precursores eritroides,

entre otras.164

3.2 indices pronésticos

3.2.1 International Prognostic Scoring System (IPSS)

Es el indice prondstico mas ampliamente utilizado desde su publicacién en 1997.'%
Fue generado tras la evaluaciéon de las caracteristicas clinico-bioldgicas de 816
pacientes con SMD primario tratados Unicamente con medidas de soporte. El modelo
final incluyd sélo 3 variables: proporcion de blastos en MO, cariotipo y nimero de

citopenias en SP (Tabla 11).
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Tabla 11. Sistema de puntuacién del IPSS.*?°

Variable Pronéstica 0 0.5 1 1.5 2
Blastos MO (%) <5 5-10 - 11-20 21-30
Cariotipo* Bueno Intermedio Malo - -
Ne citopenias 0-1 2-3 - - -

*Cariotipo. Bueno: normal, -Y, del(5q), del(20q) como alteraciones Unicas; Malo: complejo (=3 alteraciones),
alteraciones del cromosoma 7; Intermedio: otras anomalias Unicas o dobles.

De acuerdo a este score los pacientes con SMD pueden agruparse en cuatro categorias
de riesgo (Bajo, Intermedio-1, Intermedio-2 y Alto) con diferencias significativas en SG

y riesgo de transformacion a LMA (Tabla 12).

Tabla 12. Grupos de riesgo del IPSS y mediana de supervivencia global de cada uno de ellos. '*°

Grupo de Riesgo Puntuacion Mediana SG (afios)
Bajo 0 5.7
Intermedio-1 0.5-1 35
Intermedio-2 1.5-2 11
Alto 2.5 0.4

Abreviaturas. SG: supervivencia global.

La ventaja de este sistema radica en su simplicidad y aplicabilidad con los parametros
habitualmente utilizados en el manejo de los SMD. Durante afios ha sido el esquema
prondstico mas usado para definir las poblaciones de pacientes candidatos a ensayos
clinicos y ha sido incorporado en las guias clinicas mas difundidas en esta
enfermedad.>®®%?

Sus potenciales desventajas son:

1) No tiene en cuenta la severidad de las citopenias ni de la displasia.
2) Asigna mas peso prondstico a los blastos que a la citogenética.78'165

3) Parece infraestimar el riesgo de algunos pacientes catalogados en los grupos de
riesgo bajo o intermedio-1.271%

4) Fue disefado y validado sélo para pacientes en el momento del diagndstico.
Posteriormente se han llevado a cabo estudios que han demostrado su utilidad en
otros momentos de la evolucion de la enfermedad, como previo al trasplante

alogénico y en pacientes tratados.®’
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5) No fue disefiado para pacientes con SMD secundario.
6) Presenta una probable sobrestimacion del riesgo de los pacientes ya que la
supervivencia fue calculada en muchos pacientes desde que fueron remitidos a

centros terciarios y no desde su diagndstico.

3.2.2 Revised Prognostic Scoring System (IPSS-R)
Con el objetivo de solventar alguna de las desventajas del IPSS, en el afo 2012 se
publicd una revision del mismo, el denominado Revised Prognostic Scoring System

(IPSS-R) basado en el estudio de 7012 pacientes con SMD de novo (Tabla 13).1%

Tabla 13. Sistema de puntuacién del IPSS-R."*!

Variable prondstica 0 0.5 1 15 2 3 4
Grupo riesgo CG* Muy buena - Buena - Intermedio  Malo  Muy malo
% blastos MO <2 >2-<5 5-10 >10

Hemoglobina 210 8-<10 <8

Plaquetas 2100 50-<100 <50

Neutrdfilos >0.8 <0.8

*Grupo de riesgo citogenético. Muy bueno: -Y, del(11q) como alteraciones Unicas: Bueno: normal, del(5q), del(12p),
del (20q) como alteraciones Unicas o dobles con del(5q); Intermedio: del(7q), +8, +19, i(17q) como alteraciones
Unicas y cualquier otra anomalia Unica o doble independiente; Malo: -7, inv(3)/(3q)/del(3q), dobles con -7/del(7q),
complejo con 3anomalias; Muy malo: complejo con mas de 3 alteraciones.

El IPSS-R divide a los pacientes en 5 categorias de riesgo: muy bajo, bajo, intermedio,

alto y muy alto (Tabla 14).

Tabla 14. Grupos de riesgo del IPSS-R y mediana de supervivencia global de cada uno de
ellos.”!

Grupo de Riesgo Puntuacion Mediana SG (afios)
Muy bajo <1.5 8.8
Bajo >1.5-3 53
Intermedio >3-4.5 3.0
Alto >4.5-6 1.6
Muy alto >6 0.8

Los cambios fundamentales con respecto al IPSS son:

1) Divide las categorias citogenéticas de riesgo en 5 frente a los 3 del IPSS.**°
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2) Resta peso prondstico al porcentaje de blastos en MO y redefine los subgrupos de
los mismos.

3) Considera cada citopenia de forma individual.

En estudios posteriores ha sido validado para su aplicacién en distintos momentos del

168,169
d,

curso clinico de la enfermeda asi como en SMD secundarios a

tratamientos.'?**"°

Pese a su amplia aceptaciéon, plantea el problema clinico de cémo considerar los
pacientes clasificados en la categoria de riesgo intermedio. Estos pacientes han
mostrado en varios estudios una SG en torno a 30 meses, mas cercana a la de los
pacientes de alto riesgo que a la de los de bajo riesgo.”**’? En este sentido, el GESMD
considera a los pacientes de este grupo como pacientes de alto riesgo si cumplen uno
o mas de los siguientes: alteraciones CG de alto o muy alto riesgo, plaguetas
<30x109/L, neutréfilos<0.5x109/L o mielofibrosis grado 2-3.3® Otros autores
recomiendan una divisidén practica de los pacientes en bajo riesgo si punttdan 3.5 o
menos en el IPSS-R o alto riesgo si puntdian mas de 3.5."3

El IPSS-R parece una mejor herramienta que el IPSS para predecir el prondstico en la

. . . 171
era de los tratamientos modificadores de la evolucidn de la enfermedad.

3.2.3 WHO Prognostic Scoring System

El WPSS (WHO prognostic scoring system) es un sistema prondstico basado en la
clasificacién OMS de los SMD, los grupos de riesgo citogenético similares al IPSS y la
dependencia transfusional, este Ultimo factor sustituido en una revision posterior por

la severidad de la anemia (Tabla 15).13%134172

Tabla 15. Sistema de puntuacién del WPSS.***

Variable Prondstica 0 1 2 3
Clasificacion OMS 2001 AR, ARSA, Sindrome 5g- CRDM, CRDM-SA AREB-1 AREB-2
Cariotipo* Bueno Intermedio Alto -
Requerimiento transfusional No Regular - -

*Cariotipo. Bueno: normal, -Y, del(5q), del(20g) como alteraciones unicas; Malo: complejo (=3 alteraciones),
alteraciones del cromosoma 7; Intermedio: otras anomalias Unicas o dobles.

Abreviaturas. AR: anemia refractaria; ARSA: anemia refractaria con sideroblastos en anillo, CRDM: citopenia
refractaria con displasia multilinea; CRDM-SA: citopenia refractaria con displasia multilinea y sideroblastos en anillo;
AREB: anemia refractaria con exceso de blastos.

41



Estrategias de mejora en la evaluacién diagnéstica y pronéstica de los SMD

Categoriza los pacientes en 5 grupos de riesgo (muy bajo, bajo, intermedio, alto y muy

alto) con diferencias en SG (Tabla 16), resulta facil de aplicar y ha sido incluido en

36,61,62

distintas guias clinicas de los SMD. Ha sido validado como un indice dindmico,

pudiendo ser aplicado en diferentes momentos de la enfermedad.’’**"

Tabla 16. Grupos de riesgo del WPSS y mediana de supervivencia global de cada uno de
ellos.*?

Grupo de Riesgo Puntuacion Mediana SG (meses)
Muy bajo 0 103

Bajo 1 72

Intermedio 2 40

Alto 3-4 21

Muy alto 5-6 12

3.2.4 MD Anderson Global Prognostic Scoring System (MPSS) y Low-Risk Prognostic
Scoring System (LR-PSS)

En 2008 el grupo del MD Anderson publicé un indice prondstico, el MD Anderson
Global Prognostic Scoring System (MPSS), basado en el estudio de 1915 pacientes.176
En él se incluyeron pacientes tratados, con SMD-t, LMMC proliferativa y neoplasias
mielodisplasicas/mieloproliferativas. Teniendo en cuenta 8 parametros (ECOG, edad,
hemoglobina, leucocitos, plaquetas, porcentaje de blastos en MO, cariotipo,
dependencia transfusional) los pacientes son catalogados en cuatro categorias de
riesgo (bajo, intermedio-1, intermedio-2 y alto). Aunque ha sido validado de forma
externa,’’’ no ha tenido una gran aceptacién por varias razones:

- al manejar tantos parametros no resulta un sistema agil en la prdctica clinica diaria,

- no tiene en cuenta la complejidad genética de esta enfermedad, ya que simplifica la
clasificacién citogenética del score,

- incluir la edad y las comorbilidades en un score plantea dudas por la posible
sobreestimacion del riesgo (p. ej: indicacién de un alo-TPH en un paciente catalogado
de alto riesgo por sumar puntos por edad avanzada y la presencia de comorbilidades).
El grupo del MD Anderson publicd también el Low Risk Prognostic Scoring System (LR-

PSS), un indice prondstico creado con objeto de identificar aquellos pacientes
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catalogados en categorias de bajo riesgo o intermedio-1 segun IPSS pero con un
comportamiento clinico desfavorable y que podrian beneficiarse de administrar
tratamientos especificos de forma mas precoz.'’® También ha sido validado por una

cohorte externa.”’

3.2.5 Recomendacion del GESMD para la estratificacion prondstica de los SMD
Las guias del GESMD establecen las siguientes recomendaciones para la estratificacidon
prondstica de los SMD>®:
1. Emplear en los SMD los indices prondsticos IPSS, WPSS e IPSS-R para establecer el
prondstico y seleccionar el tratamiento en el paciente individual pero adaptandolo a
los conocimientos cientificos actuales.
2. Se recomienda diferenciar los siguientes dos grupos de riesgo en pacientes con
SMD:
a) Pacientes de alto riesgo (mediana de SG estimada inferior a 30 meses):
e |IPSS de riesgo intermedio-2 y alto y/o WPSS y/o IPSS-R de riesgo alto y
muy alto
e PSS intermedio-1 y/o WPSS y/o IPSS-R de riesgo intermedio con 1 o
mas de las siguientes caracteristicas:
— Anomalia citogenética de riesgo alto o muy alto del IPSS-R.
— Plaquetas < 30 x 109/L.
—PMN < 0,5 x 109/L.
— Mielofibrosis (grados 2-3 del consenso europeo).
b) Pacientes de bajo riesgo (mediana de SG estimada superior a 30 meses):

¢ Pacientes no incluidos en la definicién anterior de alto riesgo.

4. TRATAMIENTO DE LOS SINDROMES MIELODISPLASICOS

La eleccion del tratamiento de los SMD es dificil debido a su heterogeneidad clinicay a
la escasez de tratamientos modificadores de la evolucion de la enfermedad. Hasta el
momento actual, el Unico tratamiento con potencial curativo en los SMD es el
trasplante alogénico de progenitores hematopoyéticos, pero debido a su elevada

morbimortalidad es un procedimiento limitado a un escaso numero de pacientes.179’180
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En la practica clinica la eleccion del tratamiento suele estar condicionada por dos
aspectos:

- la categoria de riesgo de la enfermedad segun los diferentes indices prondsticos,

- la edad y las comorbilidades de los pacientes, que permitird la identificacién de
pacientes no candidatos a terapias intensivas.

El objetivo del tratamiento de los pacientes de bajo riesgo es mejorar la calidad de vida
y disminuir la dependencia transfusional, y en los pacientes de alto riesgo, prolongar
su supervivencia y retrasar la transformacion a LMA.3%%62

En lineas generales los tratamientos pueden clasificarse en: tratamiento de soporte
(transfusiones, terapia antimicrobiana, factor estimulante de colonias granulociticas
(G-CSF), tratamientos quelantes del hierro), tratamiento no intensivo (agentes
estimulantes de eritropoyesis (AEE), farmacos demetilantes (azacitidina y decitabina),
lenalidomida, tratamiento inmunosupresor) y tratamiento intensivo (quimioterapia
tipo LMA y trasplante alogénico).

La Figura 8 recoge el algoritmo terapéutico para los pacientes de bajo riesgo segun el

GESMD.
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Figura 8. Algoritmo de tratamiento para SMD de bajo riesgo segin GESMD. Abreviaturas. AEE:
agentes estimulantes de eritropoyesis; alo-TPH: trasplante alogénico de progenitores
hematopoyéticos; AZA: azacitidina; PMO: puncion de médula dsea; Prob. resp: probabilidad de
respuesta; TIS: tratamiento inmunosupresor.

La Figura 9 recoge el algoritmo terapéutico para los pacientes de alto riesgo segun e

GESMD.
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Figura 9. Algoritmo de tratamiento para SMD de alto riesgo segin GESMD. Abreviaturas. AZA:
azacitidina; HLA: antigeno leucocitario humano; MO: médula ésea; QT: quimioterapia de tipo
LMA; TIS: tratamiento inmunosupresor; TPH: trasplante de progenitores hematopoyéticos.
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Hipotesis y objetivos

Los sindromes mielodispldsicos constituyen un conjunto heterogéneo de
enfermedades agrupadas por varios rasgos comunes como son la hematopoyesis
ineficaz y la displasia morfoldgica. La heterogeneidad en su presentacion y evolucion
clinica hace indispensable un diagndstico preciso y una correcta evaluacién prondstica.
En un intento de mejorar la valoracién diagndstica y prondstica de los sindromes

mielodisplasicos, hemos elaborados las siguientes hipdtesis y objetivos de trabajo.

1) La reproducibilidad de la clasificacion OMS 2008 no ha sido estudiada. Dado
que dicha clasificacion esta basada en la evaluacion morfolédgica de la displasia
y que algunos de estos parametros morfoldgicos son poco objetivos y poco
especificos, puede existir dificultad y cierto grado de subjetividad en su
aplicacion.
Objetivos:
- evaluar la variabilidad inter-observador en el diagndstico de los SMD

mediante la aplicacion de los criterios de la clasificacion OMS 2008.

- definir potenciales dificultades morfolégicas.

2) Los SMD con incremento de la serie eritroide (250% eritroblastos en la
celularidad medular) no constituyen un subgrupo individualizado en Ia
clasificacién de la OMS. Estos SMD plantean el diagndstico diferencial con la
leucemia aguda mieloeritroide o eritroleucemia. En la elaboracién de Ia
clasificacion OMS 2008 se produjo una falta de consenso en el comité de
expertos a la hora de emitir una recomendacién sobre cémo establecer el
porcentaje de blastos en MO de aquellos pacientes con SMD e incremento de
la serie eritroide, en base a la totalidad celular o en base al compartimento
celular no eritroide.

Objetivos:
- analizar las caracteristicas morfoldgicas, genéticas y clinicas de los SMD con

incremento de la serie eritroide incluidos en el registro del GESMD.
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- estudiar la forma mas 6ptima de establecer el porcentaje de blastos de los
pacientes con SMD e incremento de la serie eritroide, en base a la

celularidad total o en base a la celularidad no eritroide.

3) El estudio citogenético convencional presenta un importante valor diagndstico
y prondstico en los SMD. Sin embargo, hasta en un 30% de los pacientes resulta
no informativo debido a la obtencién de un nimero insuficiente de metafases
analizables. La técnica de Single Nucleotide Polymorphism Arrays (SNP-A), que
s6lo necesita extraccion de ADN para su aplicacidn, podria resolver la falta de
informacién genética en aquellos SMD en los que no se obtienen metafases en
el estudio citogenético convencional.

Obijetivos:

- aplicar la técnica de Single nucleotide polymorphism arrays (SNP-A) en
pacientes con SMD en los que el cultivo citogenético convencional fue no
informativo.

- evaluar si esta técnica constituye una herramienta util para mejorar la

evaluacidon diagndstica y prondstica de este subgrupo de pacientes.
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Métodos y Resultados

Los resultados y métodos se presentan mediante la inclusidon de los tres articulos

publicados:

Primer trabajo 1

Senent L*, Arenillas L*, Lufio E, Ruiz JC, Sanz G, Florensa L. Reproducibility of the
World Health Organization 2008 criteria for myelodysplastic syndromes.
Haematologica. 2013; 98(4): 568-575. IF: 5.868

* Contribucién como primeros autores

Segundo trabajo

Arenillas L, Calvo X, Lufio E, Senent L, Alonso E, Ramos F, Ardanaz MT, Pedro C, Tormo
M, Marco V, Montoro J, Diez-Campelo M, Brunet S, Arrizabalaga B, Xicoy B, Andreu R,
Bonanad S, Jerez A, Nomdedeu B, Ferrer A, Sanz GF, Florensa L. Considering Bone
Marrow Blasts From Nonerythroid Cellularity Improves the Prognostic Evaluation of

Myelodysplastic Syndromes. J Clin Oncol. 2016 Sep 20;34(27):3284-92. IF: 24.008

Tercer trabajo 3

Arenillas L, Mallo M, Ramos F, Guinta K, Barragan E, Lumbreras E, Larrayoz MJ, De Paz
R, Tormo M, Abdigar M, Pedro C, Cervera J, Such E, José Calasanz M, Diez-Campelo M,
Sanz GF, Hernandez JM, Luiio E, Saumell S, Maciejewski J, Florensa L, Solé F. Single
nucleotide polymorphism array karyotyping: a diagnostic and prognostic tool in
myelodysplastic syndromes with unsuccessful conventional cytogenetic testing. Genes,

Chromosomes Cancer. 2013;52(12): 1167-1177. IF: 3.836
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PRIMER TRABAJO
Reproducibility of the World Health Organization 2008 criteria for myelodysplastic

syndromes.

La reproducibilidad de la clasificacion OMS 2008 de los SMD no ha sido
estudiada.
El objetivo de este trabajo fue evaluar la concordancia interobservador de la

clasificacion OMS 2008.

Pacientes

Se evaluaron de forma retrospectiva extensiones de sangre periférica y de médula
Osea obtenidas mediante puncién aspirativa de 50 pacientes diagnosticados de SMD
de acuerdo a la clasificacién OMS 2008. Los casos pertenecian a dos centros con
experiencia en el diagnéstico de SMD, Hospital Universitario y Politécnico La Fe de

Valencia y Hospital del Mar de Barcelona.

Estudios morfologicos

La evaluacion morfolégica fue realizada de forma independiente por cuatro
hematdlogos con experiencia en diagndstico citoldgico.

Los observadores disponian de los datos del hemograma en el momento de la
evaluacidn citoldgica pero no los datos citogenéticos ni de evolucidn clinica.

Se siguieron de forma estricta las recomendaciones OMS 2008 para la evaluacién
morfoldgica.

Toda la informacién morfoldgica se recogié en un formulario elaborado con este
propésito y adoptado por el GESMD como la hoja de recogida de datos morfoldgicos.

Se adjunta en el apartado de Anexos.

Andlisis estadistico

El acuerdo entre observadores para las variables cuantitativas continuas se evalud
mediante el coeficiente de correlacidn intraclase (ICC, del inglés intraclass correlation

coeficient).*®! Algunas de las variables cuantitativas fueron ademads categorizadas y
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evaluadas como cualitativas. Para evaluar el grado de acuerdo en las variables
cualitativas y las cuantitativas categorizadas se utilizé el indice kappa para multiples
evaluadores (k). Un ICC y un k con un valor de 1 se interpretan como el maximo grado
de acuerdo entre observadores, mientras que un valor de 0 indica un acuerdo
equivalente al azar. La escala utilizada para ambos indices es la siguiente: < 0.20
acuerdo pobre; 0.21 — 0.40: acuerdo débil; 0.41 — 0.60: acuerdo moderado; 0.61 —

0.80: acuerdo bueno; 0.81 —1.00: acuerdo muy bueno.

Resultados

Valoracidn del porcentaje de blastos en MO

- Se observé un muy buen acuerdo en cuanto la cifra de blastos de MO considerada
como una variable continua.

- Cuando la cifra de blastos en MO se categorizd con los umbrales establecidos por la
OMS 2008 (<5%, 5-9% y >10%) el grado de acuerdo fue moderado. El rango en el que
se observd un menor grado de acuerdo fue 5-9%.

- Cuando se consideraron las categorias de blastos del IPSS-R (<2%, >2-<5%, 5-10%,
>10%) el grado de acuerdo fue moderado de forma global, pero débil para los casos

con menos de 2% de blastos.

Valoracion del porcentaje de blastos en SP.

- Los observadores presentaron una buena concordancia a la hora de establecer el
porcentaje de blastos en SP de forma global, sin embargo fue débil para evaluar los
umbrales que utiliza la OMS como criterio para diferenciar entre categorias (ausente,

<1%, >1%).

Valoracidn del porcentaje de sideroblastos en anillo.

- El acuerdo entre evaluadores en cuanto al porcentaje de sideroblastos en anillo en
MO, tanto como variable continua como usando el punto de corte del 15%, fue muy

bueno.

Valoracion del porcentaje de displasia.
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- Cuando se valoré el porcentaje de displasia de cada linea mieloide como variable
continua, se observé un acuerdo casi perfecto para las lineas megacariocitica y
granulocitica, mientras que en la serie eritroide fue menor.

- Cuando dichas variables se categorizaron tomando el 10% como umbral, la
concordancia fue estadisticamente significativa en las series megacariocitica vy
granulocitica, pero no en la eritroide.

- Cuando se considerd el umbral del 40% mejoré el grado de acuerdo en la las lineas

megacariocitica y granulocitica pero no en la eritroide.

Valoracidn del subtipo OMS.
- La concordancia para establecer el subtipo OMS 2008 fue moderado de forma global.
Se observé una mayor reproducibilidad para los subtipos AREB-2, CRDU y CRDM,

respectivamente, siendo menor para ARSA y AREB-1.
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Myelodysplastic Syndromes ®

Reproducibility of the World Health Organization 2008 criteria
for myelodysplastic syndromes

Leonor Senent,*?* Leonor Arenillas,*** Elisa Luno,** Juan C. Ruiz,® Guillermo Sanz,*? and Lourdes Florensa*

*0On behalf of the Spanish MDS cooperative group (GESMD); *Servicio de Hematologia, Hospital Universitario La Fe,
Valencia, Spain; *Laboratori de Citologia Hematologica, Servei de Patologia, Hospital del Mar, GRETNHE, IMIM
(Hospital del Mar Research Institute), Barcelona, Spain; ‘Servicio de Hematologia, Hospital Central de Asturias,
Oviedo, Spain; and *Departamento de Metodologia de las Ciencias del Comportamiento, Facultad de Psicologia,
Universidad de Valencia, Valencia, Spain

ABSTRACT

The reproducibility of the World Health Organization 2008 classification for myelodysplastic syndromes is uncer-
tain and its assessment was the major aim of this study. The different peripheral blood and bone marrow variables
required for an adequate morphological classification were blindly evaluated by four cytomorphologists in samples
from 50 patients with myelodysp%astic syndromes. The degree of agreement among observers was calculated
using intraclass correlation coefficient and the generalized kappa statistic for multiple raters. The degree of agree-
ment for the percentages of blasts in bone marrow and peripheral blood, ring sideroblasts in bone marrow, and
erythroid, granulocytic and megakaryocytic dysplastic cells was strong (P<0.001 in all instances). After stratifying
the percentages according to the categories required for the assignment of World Health Organization subtypes,
the degree of agreement was not statistically significant for cases with 5-9% blasts in bone marrow (P=0.07), 0.1-
1% blasts in peripheral blood (P=0.47), or percentage of erythroid dysplastic cells (P=0.49). Finally, the interobserv-
er concordance for World Health Organization-defined subtypes showed a moderate overall agreement (P<0.001),
the reproducibility being lower for cases with refractory anemia with excess of blasts type 1 (P=0.05) and refrac-
tory anemia with ring sideroblasts (P=0.09). In conclusion, the reproducibility of the World Health Organization
2008 classification for myelodysplastic syndromes is acceptable but the defining criteria for blast cells and features

of erythroid dysplasia need to be refined.

Introduction

For more than 20 years the French-American-British mor-
phological classification was the base for the diagnosis of
myelodysplastic syndromes (MDS), a group of acquired clon-
al hematopoietic stem cell disorders with very heteroge-
neous outcomes and characterized by ineffective
hematopoiesis, cytopenias, dysplastic morphological fea-
tures, and an increased risk of development of acute myeloid
leukemia (AML)."” In an attempt to improve its prognostic
value, to incorporate other relevant morphological and bio-
logical prognostic characteristics, such as grade of myelodys-
plasia and cytogenetics, and to redefine the border between
MDS and AML, an expert panel of the World Health
Organization (WHO) proposed, in 2001, a new classification
system for MDS® that was refined in 2008." Taking into
account the type and number of cytopenias, percentage of
cells with dysplastic changes in the different myeloid cell lin-
eages, percentage of blasts in peripheral blood and bone mar-
row, percentage of ring sideroblasts in bone marrow,
absolute monocyte count and conventional cytogenetics, the
revised 2008 WHO classification recognizes seven subcate-
gories of MDS that are shown in Table 1 (modified from

Vardiman JW et al®). Although the usefulness of the WHO
classification was initially criticized,” it has gained wide-
spread acceptance."® The prognostic value of the 2001 WHO
classification is clearly superior to that of the French-
American-British classification” and has been incorporated
into the recently defined WHO classification-based
Prognostic Scoring System (WPSS)."""> However, the repro-
ducibility of the WHO classification is uncertain. The only
published study on interobserver agreement according to the
2001 WHO criteria showed an acceptable reproducibility.”® A
recent study evidenced a 20% discrepancy in the WHO 2008
classification-based diagnosis between referring and tertiary
care centers.'” The concordance between observers of the
2008 WHO criteria has never been addressed. This issue is
not only academically interesting, but also clinically relevant.

The aim of this study was to assess the reproducibility of
the WHO 2008 morphological classification. For this purpose
peripheral blood and bone marrow samples from 50 patients
with MDS were blindly and independently reviewed by four
cytomorphologists from three different referral centers with
expertise in the diagnosis of MDS. The interobserver concor-
dance in the quantification of the three morphological char-
acteristics required for the assignment of patients to the

©2013 Ferrata Storti Foundation. This is an open-access paper. doi:10.3324/haematol.2012.071449
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appropriate WHO morphological subtype (the number of
blast cells in peripheral blood and bone marrow, percent-
age of ring sideroblasts in bone marrow and myelodys-
plastic features) was evaluated.

Design and Methods

Patients and samples

Samples of bone marrow aspirates and peripheral blood from 50
patients with a clearly established diagnosis of MDS according to
WHO 2008 criteria and diagnosed at two of the participating cen-
ters (Hospital del Mar, Barcelona and Hospital Universitari i
Politecnic La Fe, Valencia) were included in this retrospective
analysis. In all instances the analyzed samples had been obtained
at initial evaluation. The number of cases of the different WHO
2008 morphological subtypes selected for review was prefixed
according to their expected incidence in previous studies.’
Preference for inclusion in the study was given to cases diagnosed
in more recent years and with good quality samples available.
Table 2 summarizes the main characteristics of the patients.

Morphological studies

Four smears from each patient included in the study were avail-
able for blind and independent microscopical review by four expe-
rienced cytologists from three centers. Two bone marrow and one
peripheral blood May-Grinwald-Giemsa-stained smears were
used for assessing percentages of blasts in peripheral blood and
bone marrow and percentages of dysplastic cells of the three
myeloid cell lines. An additional Prussian blue-stained bone mar-
row smear was used for assessing the percentage of ring siderob-
lasts. The cytologists had a meeting to discuss the evaluation of

Table 1. WHO 2008 classification of myelodysplastic syndromes.
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dysplasia and diagnosis using training slides. Blasts and ring sider-
oblasts were defined according to the recent consensus proposals
of the International Working Group on Morphology of
Myelodysplastic Syndromes TWGM-MDS)."”” The WHO 2008 rec-
ommendations for evaluating the morphological diagnosis of MDS
were followed strictly. Thus, bone marrow blast counts were cal-
culated as percentages of all bone marrow nucleated cells.
Peripheral blood and bone marrow differential counts were per-
formed on at least 200 and 500 cells, respectively. The evaluation
of dysplasia was based on morphological criteria described in the
2008 WHO publication.’ Briefly, the following morphological fea-
tures of dysplasia were evaluated: (i) dyserythropoiesis: nuclear
budding, internuclear bridging, karyorrhexis, multinuclearity,
nuclear hyperlobation, megaloblastic changes, basophil stippling,
ring sideroblasts and vacuolization; (ii) dysgranulopoiesis: nuclear
hypolobation (pseudo Pelger-Huét), irregular hypersegmentation,
agranularity, pseudo Chediak-Higashi granules, Auer rods and
Déhle bodies; and (iii) dysmegakaryocytopoiesis: micromegakary-
ocytes, nuclear hypolobation, and multinucleation. As defined in
the WHO 2008 classification, the threshold used for considering a
myeloid cell line as dysplastic was the presence of 210% abnormal
cells in the corresponding myeloid lineage. To assess dysplasia at
least 200 neutrophils, 200 erythroid precursors and 30 megakary-
ocytes were evaluated in bone marrow. Information on hemoglo-
bin level, and absolute neutrophil and platelet counts was available
for observers when performing the morphological review. In con-
trast, the observers were blinded to the clinical and cytogenetic
data. Consequently, for the purpose of this study, cases of MDS
associated with isolated 5q deletion were classified into other
MDS morphological subtypes. All the morphological characteris-
tics analyzed were recorded in specific forms designed for this pur-
pose by the Spanish Group on Myelodysplastic Syndromes

Blood findings Bone marrow findings
Cytopenia(s) and others criteria Blasts Dysplasia* and others criteria
Refractory cytopenias with Uni or bicytopenia’ None or rare (<1%)" Unilineage dysplasia <5%
unilineage dysplasia (RCUD) <15% ring sideroblasts
Refractory anemia (RA) Anemia
Refractory neutropenia (RN) Neutropenia
Refractory thrombocytopenia (RT) Thrombocytopenia
Refractory anemia with ring Anemia None Erythroid dysplasia only <5%
sideroblasts (RARS) =15% ring sideroblasts
Refractory cytopenia with Cytopenia(s) None or rare (<1%)" + 15% ring sideroblasts <5%

<1 x10° monocytes/L
Dysplasia in =2 myeloid lineages

multilineage dysplasia (RCMD)

No Auer rods No Auer rods

Refractory anaemia with excess Cytopenia(s) <5%" Unilineage o multilineage dysplasia 5—9%"
blasts-1 (RAEB-1) < 1x10" monocytes/L No Auer rods No Auer rods
Refractory anaemia with excess Cytopenia(s) 5—19%" Unilineage o multilineage dysplasia 10 — 19%
blasts-2 (RAEB-2) < 1x10" monocytes/L + Auer rods* + Auer rods*
MDS unclassified (MDS-U) Cytopenia(s) <1%’ Unequivocal dysplasia in <10% of cells <5%

in =1 line when accompanied by

a cytogenetic abnormality considered

as presumptive evidence for a diagnosis

of MDS*
MDS associated with isolated Anemia None or rare (<1%) Normal to increased megakaryocytes <5%
del(5q) Usually normal or increased with hypolobated nuclei No Auer rods

platelet count

Isolated del(5q) abnormality

*The percentage of cells manifesting dysplasia required to qualify as significant is =10% for each myeloid lineage. “Bicytopenia may occasionally be observed. Cases with pancytopenia
should be classified as MDS-U.'lf the marrow myeloblast percentage is <5% but there are 2-4% myeloblasts in the blood, the diagnosis is RAEBI. Cases of RCUD and RCMD with myeloblasts
in the blood should be classified as MDS-U.*Cases with Auer rods and <5% myeloblasts in the blood and <10% in the marrow should be classified as RAEB2. *A presumptive diagnosis of
MDS may be made in the absence of dysplasia if any of the following cytogenetic abnormalities is present: a) unbalanced: -7 or del(7q), -5 or del(5q), i(17q) or t(17p),-13 or del(13q),
del(11q), del(12p) or t(12p), del(9q) and idic(X)(q13); b) balanced: t(11;16)(q23;p13.3), 1(3,21)(q26.2,q22.1), t(2,11)(p21,q23), inv(3)(q21926.2) and t(6;9)(p23;q34).
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o Table 2. Main characteristics of the patients.

Patient  Date of diagnosis Gender Age  WHO classification* Karyotype
1 28-01-09 M 82 RCUD 47 XY, +18[1]46,XY[19] Int-1
2 10-12-07 F i RARS 46,XX[20] Low
3 15-01-08 M 76 RARS 46,XY[16] Low
4 01-07-07 M 81 RCUD 46,XY[20] Low
5 24-03-09 M 59 RCDM 46,XY[20] Low
6 12-12-07 M 67 RCDM 46,XY[20] Int-1
7 11-06-09 M 76 RCDM 46,XY[23] Int-1
8 10-09-09 F 54 RAEB-1 46,XX[14] Int-1
9 22-09-11 F 65 RAEB-1 41-43 XX, der(2)7ins (2:7) (q11.2:7),6(47) (433-35,11.2),

del(5) (2q22),del (7) (q22),del (9) (q22q34),add(11)

(p15),-12,-13,-17,-21,+2mar [cp16]/46 XX,del (11) (q23)

[5]/46 XX[4] High
10 01-04-09 F 47 RAEB-1 45 XX-7[14]/46,51,+8[ 11/46 XX[9] High
11 17-10-06 F 55 RAEB-2 45 XX-7[1] High
12 09-05-08 M 89 RCUD 46,XY[16] Low
13 20-10-09 F 80 RAEB-2 46,XX[20] High
14 27-07-10 F 84 RARS 46,XX[20] Low
15 19-08-09 M 67 RAEB-1 47 XY,+13[6]/46,XY[12] Int-2
16 28-05-09 M 82 RAEB-1 46,XY[20] Int-2
17 14-04-10 F 56 RCDM 46,XX[20] Low
18 31-03-10 F 46 RCDM 47 XX+8[2]/46,XX[ 18] Int-1
19 28-09-09 M 7 RCDM 46,XY[20] Low
20 25-05-10 M 7 RCDM 46,XY[20] Low
21 29-06-09 F 46 RAEB-2 46,XX-7[12]/46,XX[8] High
22 02-12-04 F 58 RAEB-2 46,XX, der(1), (q21;q44), +8, del[11](q21)[20] High
23 24-01-11 F 53 RAEB-2 46,XX[20] High
24 18-05-10 F 79 MDS-U 47 XX,+8[3]/46,XX[ 7] Int-2
25 24-06-02 M 7 RAEB-1 46, XY[10] Int-1
26 21-10-09 F 75 RARS 46,XX[20] Low
27 13-07-09 F 80 RCDM 47 XX,+8[13]46,XX[7] Int-1
28 15-07-09 M 82 RAEB-1 46,XY,del (7q) [16]46 XY[4] Int-2
29 12-12-07 M 73 RAEB-1 46,XY[15] Int-2
30 02-06-08 M 82 MDS-U 45X -Y[11]46 XY[9] Low
31 12-06-08 M 82 RCUD 46,XY[20] Low
32 21-05-03 F 81 RCUD 46,XX[20] Low
33 20-08-08 M 70 RAEB-1 46,XY[20] Int-1
34 24-08-09 M 81 RCDM 46,XY[20] Int-2
35 27-10-08 F 58 RARS 46,XX[20] Low
36 04-12-02 M 73 RAEB-1 46,XY[4] Int-1
37 02-06-09 M 76 RAEB-2 46,XY[20] Low
38 20-02-08 F 82 5¢- MDS 46,XX,del(5q) [14]46,XX[6] Low
39 14-09-09 M 89 RCDM 47 XY,+mar|[8] Int-1
40 27-06-05 M 75 RAEB-1 46,XY[20] Int-1
4] 07-02-07 F 67 RCUD 46,XX[20] Low
42 19-01-09 M 80 RCDM 45X-Y[20] Low
43 29-10-08 F 75 RAEB-2 46,XX[14] Int-2
44 21-04-08 F 78 RARS 46,XX[20] Low
45 13-10-08 M 60 RAEB-2 46,XY[20] Int-2
46 04-12-06 M 68 RAEB-1 46,XY[20] Int-1

Continued on the next page
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47 15-10-08 M 82 RCDM 46,XY[20] Low
48 08-10-08 M 70 RCDM 46,XY[20] Int-1
49 22-04-09 M 83 RCDM 46,XY[20] Low
50 03-06-09 M 79 RCDM 46,XY[20] Int-1

M: male; F: female; RCUD: refractory cytopenia with unilineage dysplasia; RARS: refractory anemia with ring sideroblasts; RCMD: refractory cytopenia with multilineage dysplasia;

RAEB: refractory anemia with excess of blasts; MDS-U: myelodysplastic syndrome unclassified; 5qG- MDS: MDS associated with isolated del(5q); IPSS: International Prognostic Scoring
System; Int-1: Intermediate-1; Int-2: Intermediate-2. * WHO 2008 diagnosis previously established by the center of origin.

(GESMD) and transferred into a specific database. Once the review
had been finished, no attempt was made to reach a consensus
agreement on cases with discrepant results in any of the variables
analyzed. The local ethics committees approved the studies which
were conducted in accordance with the 2000 revision of the
Helsinki Declaration.

Statistical analysis

Agreement between the four observers for continuous quantita-
tive variables (percentages of blasts in peripheral blood and bone
marrow, percentages of ring sideroblasts in bone marrow and per-
centages of dysplastic cells of erythroid, granulocytic and
megakaryocytic lineages) was evaluated using the intraclass corre-
lation coefficient (ICC)." The ICC has advantages over Spearman’s
correlation coefficient, because it is adjusted for the effects of the
scale of measurements, and allows the assessment of agreement
when there are more than two observers. Quantitative variables
(percentages of blast cells in peripheral blood and bone marrow,
percentages of ring sideroblasts in bone marrow and percentage of
dysplastic cells in each myeloid lineage) were categorized and also
evaluated as categorical variables (Table 3). For this purpose, we
used the cutoff levels defined by the WHO classification and an
additional cutoff level of 40% of dysplastic cells according to pre-
vious data.” To evaluate the concordance between observers in
qualitative and categorized quantitative variables, the generalized
kappa statistic for multiple raters (k) was calculated. An ICC or
generalized « statistic value of 1 denotes complete agreement
between the different observers, while an ICC value of 0 denotes
agreement equivalent to chance. Both the ICC and the generalized
K statistic can be interpreted as follows: 0-0.2 indicates poor
agreement, 0.3-0.4 indicates fair agreement, 0.5-0.6 indicates
moderate agreement; 0.7-0.8 indicates strong agreement, and >0.8
indicates almost perfect agreement.'® The statistical package SPSS,
version 19.0 (SPSS Inc., Chicago, IL, USA) was used to calculate the
ICC and a Microsoft Excel Template to calculate the « statistic.

Results

The degree of concordance between observers for the
different morphological characteristics is summarized in

Table 3.

Interobserver concordance regarding blast cell count
There was a strong agreement in the percentage of blast
cells in bone marrow considered as a continuous variable.
The ICC for this parameter was 0.95 [95% confidence
interval (CI), 0.92-0.97; P<0.001)]. When its degree of
concordance was assessed stratifying the variable into three
categories (<5%, 5-9%, and =10%), according to the
thresholds used in WHO classification subtypes, the
interobserver concordance was moderate (overall k, 0.57;
P<0.001). The degree of agreement was higher and
significant when the bone marrow blast percentage was
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less than 5% (x, 0.72; P<0.001) or equal or greater to 10%
(x, 0.65; P<0.001), but it was lower for cases with an
intermediate percentage of bone marrow blast cells (5-9%)
for which only a fair agreement was reached (k, 0.29;
P=0.07). When this variable was further stratified into four
categories, adding a cutoff point of 2% blast cells in bone
marrow, the interobserver concordance was fair (overall k
0.42; P<0.001). The « values were 0.50 (P=0.002) for cases
with less or equal to 2%, 0.28 (P=0.065) for cases with more
than 2% and less than 5%, 0.29 (P=0.048) for cases with
5% to less than 10% and 0.60 (P<0.001) for cases with
more or equal than 10%.

Interobserver agreement for the percentage of blast cells
in peripheral blood showed a very good agreement. The
ICC for this parameter was 0.82 (95% CI: 0.72-0.89). When
the variable was evaluated according to the subcategories
used in the WHO classification (absent, less or equal to 1%
and more than 1%), the overall kappa score was 0.30
(P<0.002). The agreement between observers was
significant in the condition with more than 1% blasts (k,
0.37; P=0.009), but there was no significant agreement
between observers in the condition without blasts (k, 0.37;
P=0.20) and in the intermediate category of less than or
equal to 1% blasts (k, 0.09; P=0.47).

Interobserver concordance regarding ring
sideroblast count

The agreement between observers on the percentage of
ring sideroblasts in bone marrow was nearly perfect
analyzed both as a continuous variable (ICC, 0.96; 95% CI:
0.93-0.98; P<0.001) and with the 15% cutoff point used in
the WHO criteria (x, 0.82; P<0.001).

Interobserver concordance regarding the assessment
of dysplasia

When the degree of dysplasia of the three different
hematopoietic cell lines was studied as a continuous
variable, the degree of concordance between observers was
strong and almost perfect for the megakaryocytic lineage
with an ICC of 0.91 (95% CI: 0.85-0.95; P<0.001) and for
the granulocytic lineage with an ICC of 0.89 (95% CI: 0.83-
0.94; P<0.001). A substantial agreement was observed for
the erythroid lineage with an ICC of 0.75 (95% CI: 0.60-
0.85; P<0.001). When those variables were stratified
according to the 10% cutoff point required by the WHO
criteria to define a hematopoietic cell lineage as dysplastic,
the interobserver agreement was statistically significant for
the granulocytic (k, 0.40; P=0.04) and megakaryocytic (k,
0.49; P<0.001) lineages. There was poor agreement
regarding the erythroid lineage (x, 0.19; P=0.49). When a
cutoff of 40% dysplastic cells was used, the concordance
between raters improved for the megakaryocytic and
granulocytic lineages but did not improve for the erythroid
lineage.

T
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Reproducibility of World Health Organization-defined
subtypes of myelodysplastic syndromes

The overall interobserver concordance for WHO-defined
MDS subtypes showed a moderate overall agreement (k,
0.43; P<0.001) (Table 3 and Figure 1). A greater
reproducibility was found for patients with refractory
anemia with excess blasts-2 (k, 0.60, P<0.001), refractory
cytopenias with unilineage dysplasia (k, 0.5; P<0.001) and
refractory cytopenia with multilineage dyplasia (i, 0.46;
P<0.01). Concordance was lower for refractory anemia
with ring sideroblasts (k, 0.26, P=0.09) and refractory
anemia with excess blasts-1 (k, 0.29; P=0.05).

Discussion

Despite major advances in the diagnosis of hematologic
diseases, cytomorphological criteria remain the cornerstone
of the diagnosis of MDS. The current study was designed
to evaluate interobserver variability in assigning a diagnosis
of MDS according to the WHO 2008 classification criteria
and to define potential morphological difficulties. In our
study, we observed a moderate reproducibility of the WHO
2008 classification.

In 2008, Muffi et al® pointed out the difficulty of
morphological diagnosis of blast cells, although the
percentage of blasts in bone marrow is one of the main
known prognostic factors™** and has been included in the
most commonly used prognostic scoring systems for MDS,
such as the International Prognostic Scoring System (IPSS)
and the WHO classification-based Prognostic Socring
System (WPSS). In our work we found an almost perfect
agreement regarding bone marrow blast cell count in cases
with <6% or with =10%. In those cases with a blast cell
count 25% and <10%, the rate of concordance showed a
moderate agreement. This implies that one patient could be
classified as having refractory cytopenia with multilineage
dysplasia, refractory anemia with excess blasts-1 or
refractory anemia with excess blasts-2 depending on the
observer. We decided to evaluate the interobserver
concordance for an additional cutoff point of 2% blasts in
bone marrow for cases without excess of blasts because this
threshold seems to portray prognostic relevance in the
revised version of the IPSS™. The degree of agreement was
adequate for cases with <2% blast cells but, again, it was not
as good for cases with blast cell counts between 2% and
5%. Discrepancies in the blast count in bone marrow of
patients with myeloid malignancies, including MDS, is
partly due to the difficulty in distinguishing between
granular blast cells and promyelocytes and the irregular
distribution of blast cells in bone marrow. Although a good
correlation between the percentage of blasts determined by
morphological examination and percentage of CD34" cells
determined by flow cytometry is usually observed, blast
enumeration by morphology is the gold-standard method.*”

The correct assignment of the percentage of blasts in
peripheral blood is also crucial for a correct diagnosis
and classification of patients.” In our study, we found a
fair agreement in peripheral blood blast cell count. This
result may be due to the low level of blast cells present
in peripheral blood. Interobserver discrepancies may
best be resolved by increasing the number of cells in the
differential counts.

The recognition of dysplastic signs has a crucial value not
only for the diagnosis and classification of MDS patients,

but also has a prognostic role in low-risk MDS patients. In
this regard, Pseudo-Pelger-Huét anomaly in neutrophils and
micromegakaryocytes has been correlated with overall
survival.”* Besides, several investigators consider that cases
with multilineage dysplasia have a less favorable prognosis
than those with only dyserythropoietic dysplasia.'*®* The
WHO classification therefore separated cases with

Table 3. Statistical analyses of interobserver degree of agreement
regarding morphological features.

K (P value) K (P value) ICC

Blasts in peripheral blood (%)

0 0.37 (P=0.204)

<1 0.09 (P=0479)

>1 0.37 (P=0.009)

Overall kappa  0.30 (P=0.002)
As a continuous variable 0.82
Blasts in bone marrow (%)
Percentage Percentage

<2 0.50 (P=0.002)

>2 to <5 0.28 (P=0.065) < 0.72 (P<0.001)

5-9 0.29 (P=0.048) 5-9 0.26 (P=0.071)

=10 0.60 (P<0.001) =10 0.65 (P<0.001)

Overall 042 (P<0.001)  Overall  0.57 (P<0.001)
As a continuous variable 0.95
Bone marrow ring sideroblasts (%)

Percentage

<15 0.82

=15 0.82

Overall 0.82 (P<0-001)
As a continuous variable 0.96
Bone marrow granulocytic dysplasia (%)
Percentage Percentage

<10 039 (P=0.009) <10 0.40 (P=0.009)

10-39 0.32 (P=0.06) >10 0.40 (P=0.43)

=40 0.50 (P=0.04)

Overall 041 (P<0.001)  Overall  0.40 (P=0.04)
As a continuous variable 0.89
Bone marrow megakaryocytic dysplasia (%)
Percentage Percentage

<10 0.49 (P=0.004) <10 0.49 (P=0.004)

10-39 0.22 (P=0.21) >10 0.49 (P=0.12)

=40 0.56 (P=0.005)

Overall 043 (P<0.001)  Overall 049 (P<0.001)
As a continuous variable 0.91
Bone marrow erythroid dysplasia (%)
Percentage Percentage

<10 0.19 (P=0.21) <10 0.19 (P=0.21)

10-39 0.04 (P=0.83) >10 0.19 (P=0.78)

=40 0.15 (P=0.47)

Overall 0.11 (P=0.08)  Overall  0.19 (P=0.49)
As a continuous variable 0.75
WHO 2008 subtype

RCUD 0.51(P<0.001)

RARS 0.26(P=0.09)

RCMD 0.46(P=0.01)

RAEB-1 0.29 (P=0.05)

RAEB-2 0.60 (P<0.001)

MDS-U 0.01 (P=0.97)

Overall 043 (P<0.001)

ICC: intraclass correlation coefficient; k: generalized kappa statistic for multiple raters;
RCUD: refractory cytopenia with unilineage dysplasia; RARS: refractory anemia with
ring sideroblasts; RCMD: refractory anemia with multilineage dysplasia; RAEB-1:
refractory anemia with excess blasts-1; RAEB-2: refractory anemia with excess blasts-2;
MDS-U: myelodysplastic syndrome-unclassified.
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Figure 1. The presence of granulated
blast cells (arrows) makes the distinc-
tion between blast cells and promyelo-
cytes (discontinous arrow) difficult so
that the number of blast cells may dif-
fer and the same patient may be clas-
sified as having MDS with or without
excess of blasts.

Figure 2. Evaluation of dysplastic
features in erythropoiesis such as
megaloblastoid changes (arrows)
and cytoplasmic changes (disconti-
nous arrow) is poorly reproducible
explaining why the agreement
between observers in the evaluation
of dyserythropoiesis is not good.

refractory anemia in the previous French-American-British
classification into two categories depending on the presence
or absence of multilineage dysplastic features. This
distinction has been criticized by some groups,” because
the assessment of the features of dysplasia is not always
easy in clinical practice because of the lack of definition of
objective parameters. Poor technical quality of the
specimen could also be an obstacle to an accurate diagnosis
of dysplasia. In our work we found a moderate but
significant interobserver agreement for megakaryocytic and
granulocytic dysplasia and a poor agreement for erythroid
dysplasia. This is probably because features of
dysgranulopoiesis (pseudo-Pelger-Huét, hypogranularity)
and dysmegakaryopoiesis (micromegakaryocytes, non-
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lobulated nuclei and multiple widely separated nuclei) are
less subjective and more reproducible than features of
erythroid dysplasia.

The WHO classification includes a uniform threshold of
10% for dysplasia in each myeloid lineage; however, as
discussed by Parmentier e al.,” this level of dysplasia is
highly questionable and is particularly low in the
megakaryocytic lineage in which the number of cells
analyzed is smaller than in the other series. We analyzed
the interobserver concordance with a cutoff point of 40%
dysplastic cells and found that the agreement improved in
the megakaryocytic and granulocytic lineages but not in the
erythroid lineage. These results agree with those of
Matsuda et al.” and Germing et al.”® who proposed raising

o [
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the threshold of dysmegakaryopoiesis from 10 to 40%.

The prognostic value of the WHO classification is already
known.””*” Howe et al.”® analyzed the reproducibility of
the 2001 WHO classification showing a 92% of agreement
among three reviewers. Their discrepancies were related to
the identification and enumeration of dyspoiesis in
neutrophils and megakaryocytes and in those cases with
borderline blast percentages.

Recently, Naqvi er al™ analyzed the discrepancies in
morphological diagnosis of MDS between referral and
tertiary centers showing differences in 12% of the patients.
They did not, however, analyze the causes of the
discrepancy.

The current work, although reviewing a rather limited
number of samples, is the first to analyze the correlation
between observers of the 2008 WHO morphological
criteria. We found a nearly moderate and significant
concordance regarding the definition of 2008 WHO MDS
subtypes (k, 0.43; P<0.001). Most differences concerned the
distinction of unilineage and multilineage dysplasia;
consequently some patients were classified as having
refractory anemia with ring sideroblasts or refractory
cytopenia with multilineage dysplasia depending on the
recognition of dysplasia in one or more myeloid lineages.
As previously described by Howe er al,® we also had
difficulties in assigning MDS subtypes in those cases with
borderline blast cell percentages. In fact, a substantial
agreement was obtained only in cases with less than 2% or
more than 10% of blast cells in the bone marrow.

To sum up, the WHO 2008 classification can be applied
with a moderate interobserver concordance.
Discrepancies are frequent and may have a potential
negative impact on the assignment of prognosis and
therapy planning in the individual patient. The degree of
agreement could be improved if the criteria for features for

dyserythropoiesis were to be refined. Future studies
should evaluate the potential increment in the threshold
for considering a cell lineage as dysplastic in order to
enhance the recognition of multilineage dysplasia. Finally,
the diagnosis of MDS is complex, requires an accurate
application of the WHO criteria, and should be performed
by experienced morphologists. Despite all those
measures, it must be highlighted that the value of
cytomorphology alone for the classification of MDS is
limited. In this regard, the development, standardization,
and incorporation into our daily practice of other
techniques, such as flow cytometry and molecular
studies,”® will likely allow us to diagnose, characterize,
and classify this heterogeneous group of myeloid
neoplasms better in the near future.
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Métodos y Resultados

SEGUNDO TRABAJO
Considering Bone Marrow Blasts From Nonerythroid Cellularity Improves the

Prognostic Evaluation of Myelodysplastic Syndromes.

La clasificacion OMS de los SMD se basa fundamentalmente en la cifra de blastos en
MO. Establecer de forma adecuada el porcentaje de blastos en MO es crucial ya que
tiene un importante valor prondstico en esta enfermedad. En la elaboracién de la
clasificacién OMS 2008 se produjo una falta de consenso en el comité de expertos
sobre cdmo establecer el porcentaje de blastos en MO de aquellos pacientes con SMD
e incremento de la serie eritroide (SMD-E), en base a la totalidad celular (TC) o en base
al compartimento celular no eritroide (CNE).

El objetivo de este estudio fue establecer el mejor método para calcular el porcentaje
de blastos en los SMD, en base a la TC o en base a la CNE, en una serie amplia de

pacientes con SMD.

Pacientes y métodos

Se estudiaron 3692 pacientes diagnosticados de SMD entre 1972 y 2015 e incluidos en
el registro del GESMD. De todos ellos se disponia de informacién completa sobre las
caracteristicas morfoldgicas (entre ellas, el porcentaje de eritroblastos y porcentaje de
blastos de la TC), citogenéticas y de seguimiento clinico. Los pacientes cumplian
criterios de SMD de acuerdo a la clasificacién OMS 2008. Se excluyeron pacientes con
diagndstico de SMD secundario, LMMCy NMP/SMD.
Los pacientes con una cifra de eritroblastos igual o superior al 50% fueron
considerados SMD con incremento de serie eritroide (SMD-E).
El porcentaje de blastos de la celularidad no eritroide se calculé con la féormula:

[% Blastos de la TC / (100 - % Eritroblastos)] x 100
La comparacién de proporciones y rangos de las variables se llevd a cabo con los tests
)(2 o U de Mann-Whitney. No se realizaron ajustes de los valores de P. Las curvas de
supervivencia se construyeron mediante el método de Kaplan-Meier para el intervalo
entre la fecha del diagndstico y la fecha de muerte o ultima visita (SG), y se

compararon con el test de log-rank. Los pacientes que recibieron alo-TPH o
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quimioterapia tipo LMA fueron censurados en el momento de recibir dichos
tratamientos (el que aconteciera primero). El andlisis multivariante se realizé con el
método de regresién de Cox. Se empled el C-indice para evaluar cudl de los dos

métodos para contar los blastos presentaba el mayor valor prondstico para SG.

Resultados

Comparacion de los SMD con y sin incremento de la serie eritroide.

- De los 3692 pacientes, el 12.6% (N=465) presentaba incremento de la serie eritroide.
Los 3227 pacientes sin incremento de la serie eritroide fueron considerados grupo
control.

- Aunque en los pacientes con SMD con <50% de eritroblastos la media del porcentaje
de blastos fue significativamente mayor que en los SMD-E, no se observaron
diferencias en SG entre ambos grupos de pacientes.

- Al aplicar la clasificacion OMS 2008, es decir contar los blastos de la TC, el diagndstico
de AREB-2 en pacientes con SMD-E es practicamente imposible (limitado sélo a
pacientes con 5-<20% blastos en SP o con bastones de Auer), ya que los pacientes con
>10% blastos en MO, presentan 220% blastos de la CNE y, por tanto, cumplen criterios

de eritroleucemia.

Aplicar la clasificacion OMS enumerando la cifra de blastos de la CNE mejora la
evaluacion prondstica de los pacientes con SMD-E.

- Al realizar el recuento de blastos de la CNE, un 22% de pacientes diagnosticados de
SMD con <5% de blastos de la TC, fueron reclasificados en categorias con exceso de
blastos.

- La SG de estos pacientes que cambiaron a categorias de mas alto riesgo fue
significativamente inferior a la de los pacientes que no cambiaron de categoria y a la

de los pacientes en categorias con <5% de blastos del grupo control.

Influencia del método de contar los blastos en la aplicacion del IPSS para la evaluacion
prondstica de los SMD-E.
- Al aplicar la recomendacidn de la clasificacion OMS 2008 de contar los blastos de la

TC, no es posible catalogar ningun paciente con SMD-E en el grupo de alto riesgo del
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IPSS, ya que los pacientes con 210% blastos en MO cumplen criterios de eritroleucemia
y por tanto no candidatos a ser evaluados con este indice. Al aplicar el IPSS contando
los blastos de la CNE se generaron 4 grupos de pacientes con diferencias en SG.

- Un 11% de pacientes catalogados en categorias de mds bajo riesgo del IPSS (bajo,
intermedio-1) cuando se contaban los blastos de la TC, fueron reclasificados en
categorias de mas alto riesgo (intermedio-2, alto) al contar los blastos de la CNE.

- La SG de estos pacientes que cambiaron a categorias de mas alto riesgo fue
significativamente inferior a la de los pacientes que no cambiaron de categoria y a la
de los pacientes en categorias con <5% de blastos del grupo control.

- Contar los blastos de la CNE permite la deteccion de un grupo de pacientes
catalogados como de bajo riesgo con la recomendacién actual, pero que presentan un

comportamiento clinico mas cercano a los pacientes de alto riesgo.

Aplicar la clasificacion OMS enumerando la cifra de blastos de la CNE mejora la
evaluacion prondstica de todos los pacientes con SMD.

- La media del porcentaje de eritroblastos en los SMD-E fue de 58% y en los SMD sin
incremento de serie eritroide fue del 30%. Por los tanto, enumerar los blastos de la
CNE sélo en los MDS-E podria infravalorar el peso pronéstico de los blastos en el resto
de SMD.

- Al estudiar los 3692 pacientes de la serie completa, un 12% de pacientes clasificados
en categorias OMS con <5% de blastos al contar blastos de la TC, fueron clasificados en
categorias con exceso de blastos al contar los blastos de la CNE. La SG de estos
pacientes que cambiaron a categorias de mas alto riesgo fue significativamente
inferior a la de los pacientes que no cambiaron de categoria.

- La clasificacion OMS con el recuento de blastos de la CNE mantuvo su valor
pronéstico independiente para SG en un andlisis multivariante de regresion logistica en
el que se incluyeron ademas el resto de variables con valor prondstico en el analisis
univariante.

- La OMS considerando los blastos de la CNE mostro una mejor capacidad predictiva de
mortalidad, con un C-Index ligeramente mayor que la OMS con blastos de la TC.

- Al estudiar los 3692 pacientes de la serie completa, un 8.4% de pacientes catalogados

en categorias de mas bajo riesgo del IPSS (bajo, intermedio-1) al contar los blastos de
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la TC, fueron reclasificados en categorias de mas alto riesgo (intermedio-2, alto) al
contar los blastos de la CNE. La SG de estos pacientes que cambiaron a categorias de
mas alto riesgo fue significativamente inferior a la de los pacientes que no cambiaron
de categoria.

- El IPSS considerando los blastos de la CNE mantuvo su valor prondstico
independiente para SG en un analisis multivariante de regresion logistica en el que se

incluian ademas el resto de variables con valor prondstico en el andlisis univariante.
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Purpose

WHpO classification of myeloid malignancies is based mainly on the percentage of bone marrow
(BM) blasts. This is considered from total nucleated cells (TNCs), unless there is erythroid-hyperplasia
(erythroblasts = 50%), calculated from nonerythroid cells (NECs). In these instances, when
BM blasts are = 20%, the disorder is classified as erythroleukemia, and when BM blasts are
< 20%, as myelodysplastic syndrome (MDS). In the latter, the percentage of blasts is considered
from TNCs.

Patients and Methods

We assessed the percentage of BM blasts from TNCs and NECs in 3,692 patients with MDS from
the Grupo Espaiol de Sindromes Mielodisplasicos, 465 patients with erythroid hyperplasia (MDS-E)
and 3,227 patients without erythroid hyperplasia. We evaluated the relevance of both quantifications
on classification and prognostication.

Results

By enumerating blasts systematically from NECs, 22% of patients with MDS-E and 12% with MDS
from the whole series diagnosed within WHO categories with < 5% BM blasts, were reclassified
into higher-risk categories and showed a poorer overall survival than did those who remained in initial
categories (P = .006 and P = .001, respectively). Following WHO recommendations, refractory
anemia with excess blasts (RAEB)-2 diagnosis is not possible in MDS-E, as patients with 10% to
< 20% BM blasts from TNCs fulfill erythroleukemia criteria; however, by considering blasts from
NECs, 72 patients were recoded as RAEB-2 and showed an inferior overall survival than did patients
with RAEB-1 without erythroid hyperplasia. Recalculating the International Prognostic Scoring
System by enumerating blasts from NECs in MDS-E and in the overall MDS population reclassified
approximately 9% of lower-risk patients into higher-risk categories, which indicated the survival
expected for higher-risk patients.

Conclusion

Regardless of the presence of erythroid hyperplasia, calculating the percentage of BM blasts from
NECs improves prognostic assessment of MDS. This fact should be considered in future WHO
classification reviews.

J Clin Oncol 34:3284-3292. © 2016 by American Society of Clinical Oncology

nucleated cells (NECs). Despite the lack of
agreement, WHO recommendation is to con-
sider blasts from TNCs once the diagnosis of

Current WHO classification of myelodysplastic
syndromes (MDS) is based mainly on the per-
centage of blasts from total bone marrow
(BM) nucleated cells (TNCs).' > In MDS with
= 50% BM erythroblasts (MDS-E) there is no
consensus on the best method for enumerating
BM blasts—from TNCs or from nonerythroid

3284 © 2016 by American Society of Clinical Oncology

erythroleukemia is ruled out, which implies the
presence of = 20% BM blasts from NECs.
Patients with MDS-E represent approximately
15% of patients with MDS. Possible diagnoses
when erythroid precursors are = 50% of BM nu-
cleated cells are summarized in Appendix Table Al
(online only).

Downloaded from ascopubs.org by 194.224.182.162 on October 3, 2017 from 194.224.182.162
Copyright © 2017 American Society of Clinical Oncology. All rights reserved.



Improving Prognostic Evaluation of Myelodysplastic Syndromes

Proportion of BM blasts is a major prognostic factor for
outcome in patients with MDS and is used for individual risk
assessment and therapy planning.””® The main aim of our study
was to address the best method for calculating the percentage of
BM blasts to derive its prognostic usefulness in a large series of
patients with MDS.

Patients

At the completion of this report, the database of the Spanish group
on MDS—Grupo Espanol de Sindromes Mielodisplasicos (GESMD)—
contained complete cytomorphologic, clinical, and follow-up information
on 3,692 patients diagnosed between 1972 and 2015 according to 2008
WHO criteria." Patients with secondary MDS, chronic myelomonocytic
leukemia, or unclassified myelodysplastic/myeloproliferative neoplasms
were excluded. Patients with = 50% erythroblasts were defined as having
MDS-E. Percentage of BM blasts from NECs was calculated as follows:

[% BM blasts from TNCs/ (100 — % BM erythroblasts)] X 100.

Patients provided written informed consent. The study was conducted
according to the Declaration of Helsinki and was approved by the ethical
committee of GESMD.

Statistical Analysis

Comparisons of proportions and ranks of variables were performed
by using x> or Mann-Whitney U tests, as appropriate. No adjustments to
P values were made for multiple tests. Survival curves were constructed by
using the Kaplan-Meier method from the interval from diagnosis to last
contact or death (overall survival [OS]) and compared using the log-rank
test. Patients undergoing allogeneic stem cell transplantation or acute
myeloid leukemia (AML)-type chemotherapy were censored at date of
starting chemotherapy or transplantation, whichever came first. Differ-
ences were considered statistically significant when P values were < .05 in
a two-tailed test. Multivariable analysis was performed by using Cox
proportional hazards regression method, and C-index was implemented to
assess the method for calculating BM blast percentage with the best
prognostic value for OS.

Clinical, Pathologic, and Cytogenetic Features of MDS-E
and of MDS With < 50% Erythroblasts

Opverall, 465 patients had MDS-E (12.6%) and 3,227 patients
with MDS had < 50% erythroblasts (control group). Patient
characteristics are summarized in Table 1. Distribution of WHO
subtypes using both approaches for enumerating BM blasts is
depicted in Table 2, Appendix Table A2 (online only), and Ap-
pendix Table A3 (online only). Distribution of International

Table 1. Main Demographic, Clinical, and Biologic Characteristics at Diagnosis of 3,692 Patients With MDS According to the Percentage of ENCs in Bone Marrow
Characteristic MDS-E (n = 465) MDS With < 50% ENCs (n = 3,227) P
Median age (range), years 74.09 (26-94) 75.28 (20-101) .027
< 60, No. (%) 59 (12.7) 361 (11.2)
= 60, No. (%) 406 (87.3) 2866 (88.8)
Male sex, No. (%) 290 (62) 1882 (568.3) .098
Median hemoglobin (range), g/L 9.7 (4.8-15.30) 10 (3-16.5) .001
Median WBC (range), X10%/L 4.2 (0.8-16.2) 4.2 (0.4-46.0) 209
Median neutrophil count (range), X 10%/L 2.14 (0.06-12.85) 2.08 (0.01-13.8) .999
< 0.5X 10%L, No. (%) 28 (6) 212 (6.6)
= 0.5 X 10%L, No. (%) 437 (94) 3015 (93.4)
Median platelet count (range), x10%/L 182 (8-1,131) 152 (1-1,161) < .001
< 30 X 10%/L, No. (%) 19 (4.1) 159 (4.9)
=30 X 10%L, No. (%) 446 (95.9) 3,068 (95.1)
Mean erythroblasts (SD), % 58 (6.9) 30 (11.1) < .001
Median dyserythropoiesis (range), % 40 (0-100) 32.29 (0-100) < .001
Median dysgranulopoiesis (range), % 10 (0-100) 36.40 (0-100) < .001
Median dysthrombopoiesis (range), % 10.5 (0-100) 31.80 (0-100) < .001
Mean BM blasts (SD), % 1.82 (2.1) 3.99 (4.6) < .001
Median LDH serum level (range), p/L 323 (54-1,807) 320 (0-4,502) .615
Karyotype, abnormal/total cases, % 132 of 465 (28.4) 1,110 of 3,227 (34.4) .01
IPSS cytogenetic group, No. (%) 542
Low 376 (80.9) 2,663 (79.4)
Intermediate 48 (10.3) 391 (12.1)
High 41 (8.8) 273 (8.5)
Treatments, No. (%)
Azacitidine 58 of 465 (12.5) 457 of 3,227 (14.2) .326
AML-like chemotherapy 14 of 465 (3) 153 of 3,227 (4.7) .093
Allo-SCT 11 of 465 (2.4) 93 of 3,227 (2.9) 529
NOTE. Estimated median follow-up, as calculated by reverse Kaplan-Meier method, was 42.19 months (95% Cl, 40 to 44.4 months); 43.76 months (95% Cl, 36.4 to 51.1
months) for MDS-E and 41.79 months (95% Cl, 39.5 to 44 months) for MDS with < 50% ENCs. Of 3,692 patients, 1,627 (44 %) had died. Median OS, 58.4 months; 60.4
months for MDS-E and 57.8 months for MDS with < 50% ENCs.
Abbreviations: AML, acute myeloid leukemia; BM, bone marrow; ENCs, erythroid nucleated cells; IPSS, International Prognostic Scoring System; LDH, lactate de-
hydrogenase; MDS, myelodysplastic syndromes; MDS-E, MDS with = 50% BM erythroblasts; SCT, stem cell transplantation; SD, standard deviation; WBC, white blood
cell.
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Prognostic Scoring System (IPSS) categories using both methods is
shown in Table 3 and Appendix Table A4 (online only).

MDS-E and MDS Had Similar Survival

Although a higher BM blast percentage was observed in
patients with < 50% erythroblasts (mean, 1.8 v 3.99; P < .001), OS
of both MDS-E and control groups was similar (median OS, 60.4 v
57.8 months; P = .31; Appendix Fig Al, online only). Lower BM
blast percentage observed in MDS-E was an expected finding,
because those patients with MDS-E with 10% to < 20% of BM
blasts from TNCs were diagnosed with erythroleukemia and, thus,
were not included in this report.

Considering Percentage of BM Blasts From NECs Rather
Than From TNCs Improves Risk Assessment of VMIDS-E
When BM blast percentage was considered from NECs, 89
(22%) of 406 patients with MDS-E who were diagnosed within
WHO subtypes without excess blasts (EB) were reclassified into
higher-risk WHO categories—77 patients as refractory anemia
with EB type 1 (RAEB-1) and 12 as RAEB-2. OS of these 89
upgraded patients was significantly shorter than that observed in
316 patients who remained in WHO subtypes without EB (median
OS, 41.1 v 80.2 months; P = .006; Fig 1A). Similarly, patients
reclassified as RAEB subtypes showed a lower OS than the 2,277
patients with MDS without EB and with < 50% erythroblasts
(median OS, 41.1 v 76.1 months; P = .001; Fig 1B). These dif-
ferences in OS remained statistically significant for the 77 patients
who were upgraded to RAEB-1 (median OS, 43.7 v 80.2 months for
patients with MDS-E without EB; P=.027; and 43.7 v 76.1 months
for patients with MDS without EB and with < 50% erythroblasts;
P = .011) as well as for the 12 patients reclassified as RAEB-2
(median OS, 31.5 v 80.2 months for patients with MDS-E without
EB; P = .002; and 31.5 v 76.1 months for patients with MDS
without EB and with < 50% BM erythroblasts; P = .011).

All patients with = 50% erythroblasts and with 10% to < 20%
of BM blasts from TNCs fulfill criteria for erythroleukemia;
therefore, with the current WHO recommendation, diagnosis of
RAEB-2 is not possible in this subset of patients. By estimating the
BM blast percentage from NECs, there were 72 patients with

RAEB-2: all 60 previous patients diagnosed with RAEB-1 and 12
patients classified in categories without EB (nine patients with
refractory cytopenia with multilineage dysplasia, one with MDS
with isolated 5q deletion, and two with refractory anemia with ring
sideroblasts) by current WHO criteria. These 72 patients recoded
to RAEB-2 showed a significantly poorer OS than did the 492
patients with RAEB-1 and with < 50% BM erythroblasts (median
08, 28.9 v 34.9 months; P = .037; Fig 1C), but had a better OS than
did the 458 patients with RAEB-2 and with < 50% BM eryth-
roblasts (median OS, 28.9 v 13.4 months; P = .025). These dif-
ferences in OS could be explained, at least in part, by the different
BM blast percentage mean considered from NECs in the three
groups of patients (9.63% and 18.83% for patients with RAEB-1
and RAEB-2 with < 50% erythroblasts, respectively, and 14.25%
for patients with MDS-E who were recoded as RAEB-2; P < .001).
Of interest, OS of patients with RAEB-1 and with < 50% eryth-
roblasts was longer than that of patients recoded as RAEB-2 by
assessing blasts from NECs despite the mean percentage of blasts
of the former group being higher when BM blast percentage
was considered from TNCs (6.76% v 5.80%; P < .001) according
to WHO criteria. Mean and standard deviation of BM blast
percentage from TNCs and NECs by WHO subtypes are given in
Appendix Table A5 (online only).

Finally, by counting BM blasts from NECs, patients recoded as
RAEB-2 showed a significantly lower OS than did those recoded as
RAEB-1 (median OS, 28.9 v 43.7 months; P = .008).

Influence of the Method of Enumerating BM Blasts in
Prognostication of MDS-E by IPSS

We assessed OS predicted by IPSS in patients with MDS-E by
counting BM blast percentage from TNCs (Fig 2A) and from NECs
(Fig 2B). It should be stressed that, by using current WHO rec-
ommendation (counts performed from TNCs), it is not possible to
assign patients with MDS-E to the highest-risk IPSS category
because all patients with BM blasts = 10% are diagnosed with
erythroleukemia and are thus excluded from this scoring system.
However, when blasts were calculated from NECs, four groups
with significant differences in OS were observed: median OS,
83.2 months for low risk; 52.8 months for intermediate 1 risk;

Table 2. Reclassification of 2008 WHO Subtypes Considering Bone Marrow Blasts From TNCs or From NECs in MDS With = 50% Bone Marrow Erythroblasts

Subtype Considering Blasts From NECs

Subtype Considering Blasts From TNCs RCUD RARS RCMD 50- MDS-U RAEB-1 RAEB-2 Total
RCUD 36 0 0 0 0 6 0 42
RARS 119 0 0 0 18 2 139
RCMD 147 0 0 44 9 200
50- 9 0 2 1 12
MDS-U 5 7 0 12
RAEB-1 * 60 60
RAEB-2 T 0
Total 36 119 147 9 5 77 72 465

because these cases fulfilled the current WHO criteria for erythroleukemia.

Abbreviations: 5g-, myelodysplastic syndromes with isolated del(5qg); MDS-U, unclassifiable myelodysplastic syndromes; NEC, nonerythroid cell; RAEB-1, refractory
anemia with excess blasts-1; RAEB-2, refractory anemia with excess blasts-2; RARS, refractory anemia with ring sideroblasts; RCMD, refractory cytopenia with
multilineage dysplasia; RCUD, refractory cytopenia with unilineage dysplasia; TNC, total nucleated cell.

*All patients classified as RAEB-1 when considering blasts from TNCs were reclassified as RAEB-2 when considering blasts from NECs.

TIn patients with = 50% bone marrow erythroblasts, when blasts were enumerated from total bone marrow cellularity, none of the cases could be classified as RAEB-2

3286 © 2016 by American Society of Clinical Oncology
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Table 3. Reclassification of IPSS Categories Considering Bone Marrow Blasts
From TNCs or From NECs in Myelodysplastic Syndromes With = 50% Bone
Marrow Erythroblasts

IPSS Category
Considering Blasts

IPSS Category Considering Blasts From NECs

From TNCs Low Intermediate-1 Intermediate-2 High Total
Low 221 39 2 0 262
Intermediate-1 115 45 0 160
Intermediate-2 19 24 43
High § 0
Total 221 154 66 24 465

Abbreviations: IPSS, International Prognostic Scoring System; NEC, non-
erythroid cell; TNC, total nucleated cell.

*In patients with = 50% bone marrow erythroblasts, when blasts were enu-
merated from total bone marrow cellularity, none of the cases could be classified
into high-risk IPSS category because all patients with bone marrow blasts = 10%
are diagnosed with erythroleukemia and thus excluded from this scoring system.

22.6 months for intermediate 2 risk; and 8.8 months for high risk
(P < .001). Of 422 patients, 47 (11%) with MDS-E who were
classified in the lower-risk IPSS categories (low and intermediate 1)
by current WHO criteria were reclassified into higher-risk cate-
gories when BM blasts were enumerated from NECs. OS of these
47 upgraded patients was significantly shorter than OS of pa-
tients who remained in the lower-risk categories (median OS,
28.9 and 80.6 months, respectively; P < .001; Fig 2C). Thus, by
counting BM blasts from NECs we were able to detect a group of
patients labeled at present as having lower-risk disease but who
presented an outcome much closer to that of higher-risk patients
with MDS.

Enumerating Blasts From NECs in the Whole Series
Homogenizes the Diagnosis and Prognostic Evaluation
of Patients Regardless of the Presence of Erythroid
Hyperplasia

Mean of BM erythroblasts in patients with MDS-E was 58%
versus 30% in the control group (P < .001); therefore, counting
BM blast percentage from NECs only in patients with MDS-E
could underestimate the real weight of blasts in patients without
erythroid hyperplasia.

Thus, we finally reassigned 2008 WHO categories (recoded
WHO) of all 3,692 patients with MDS by calculating BM blasts
from NECs. With this methodology, 2,352 patients were placed in
morphologic subtypes without EB (63.7%), 615 patients had
RAEB-1 subtype (16.7%), 550 were RAEB-2 subtype (14.9%),
and 175 were classified as AML (4.7%). Four groups of patients
defined by this method had significantly different OS (median OS,
78.5 months; 45.9 months; 18.2 months; and 14 months, re-
spectively; P <.001). Of interest, no significant OS differences were
observed in each of the new recoded WHO categories regardless of
the presence of erythroid hyperplasia, even in the 175 patients with
MDS who were upgraded to AML who achieved a similar survival
to 56 patients who were diagnosed with erythroleukemia (median
0OS, 13.2 months and 14 months, respectively; P = .5).

As observed in patients with MDS-E, when BM blast per-
centage was calculated from NECs, 330 (12%) of 2,682 patients
diagnosed within WHO subtypes with < 5% BM blasts were
reclassified into WHO subtypes with EB, whereas no patient was

www.jco.org

upgraded to AML. OS of these 330 upgraded patients was sig-
nificantly shorter than that observed in 2,352 patients who re-
mained in WHO subtypes without EB (median OS, 48.4 months v
78.5 months; P = .001). Moreover, 255 (46%) of 552 patients
previously diagnosed with RAEB-1 were reallocated to the RAEB-2
category and achieved a significantly shorter OS than did those
who remained in the initial category (median OS, 28.9 months v
38.7 months; P = .006).

IPSS cytogenetic risk classification distinguished three risk
categories with significantly different OS in each of the recoded
WHO subgroups—MDS without EB: 80.9 months, 68.2 months,
and 32.8 months; RAEB-1: 58.5 months, 39.9 months, and
14.2 months; RAEB-2: 30.3 months, 15.2 months, and 7.5 months;
AML: 18.3 months, 13.2 months, and 7.8 months; for good, in-
termediate, and poor cytogenetic risk categories, respectively (P <
.001 between strata of each group). We carried out a multivariable
analysis of OS by using Cox proportional hazards regression
modeling and included recoded WHO subtypes and all variables
with a significant prognostic impact in univariable analysis: age =
60 years, sex, platelets < 30 X 10°/L, neutrophils < 0.5 X 10°/L,
and IPSS cytogenetic risk categories (log-rank P < .001 for all
comparisons). All variables, including recoded WHO, retained
their independent prognostic influence on OS (recoded WHO:
hazard ratio, 1.53; 95% CI, 1.45 to 1.62; P < .001; Appendix Table
A6, online only). We estimated C-index of the multivariable re-
gression model to assess whether the new recoded WHO classifi-
cation has an acceptable predictive capability in terms of mortality.
The model with recoded WHO classification showed a slightly
higher C-index value than that which incorporated the current
WHO classification (C-index, 0.652 v 0.650, respectively).

To assess whether there was an influence on survival analysis
related to different standards of care applied over time, we seg-
mented our series into three time periods according to diagnosis
date: 1972 to < 2000, 2000 to < 2008, and 2008 to present. These
thresholds were selected according to increased indication of allo-
SCT in the 2000 to < 2008 period and the use of azacitidine as
a standard of care in Spain for high-risk patients after 2008.
Percentage of patients diagnosed in each period from the group of
patients whose WHO risk category was upgraded when BM blasts
were considered from NECs (upgraded group) was compared with
the percentage of patients diagnosed in each of these time periods
from the group of patients that remained in their original cate-
gories regardless of whether BM blasts were counted from NECs
(comparator group). When assessing the group of patients di-
agnosed within WHO categories without EB, no significant dif-
ference was observed between the upgraded and comparator
groups regarding percentage of patients diagnosed in each of these
time periods (9.1% comparator group v 8.4% upgraded group in
the first period; 24% comparator group v 27.8% upgraded group in
the second period; and 66.9% comparator group v 63.9% upgraded
group in the third period; P = .325). This finding suggests that the
poorer survival observed in the group of patients who upgraded to
WHO categories with EB was not influenced by receiving a di-
agnosis in a different time period, highlighting that their shorter
survival was not conditioned by application of a different standard
of care. In the same way, when assessing patients with RAEB-1, no
significant difference was observed between the upgraded and
comparator groups regarding percentage of patients diagnosed in
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Fig 1. Overall survival (OS) by Kaplan-Meier analysis of patients with myelodysplastic syndromes with = 50% bone marrow (BM) erythroblasts (MDS-E). Of 406 patients,
89 with erythroid hyperplasia and < 5% BM blast cells in total BM cellularity were reclassified into higher BM blast categories when the percentage of blasts was assessed
from nonerythroid cells. (A) OS of the 89 upgraded patients with MDS-E was inferior to that of the 316 patients with MDS-E who remained in < 5% BM blast categories
(median OS, 41.1 months v 80.2 months). (B) OS of the 89 upgraded patients with MDS-E patients was inferior to that of the 2,277 patients who were diagnosed with WHO
categories with < 5% BM blasts of the control group (median OS, 41.1 months v76.1 months). (C) OS of the 72 patients who were recoded to RAEB-2 was inferior to that
of the patients with 492 RAEB-1 of the control group (median OS, 28.9 months v 34.9 months). OS was compared with two-sided log-rank test.

each of these time periods (10.2% comparator group v 14.2%
upgraded group in first period; 24.4% comparator group v 28.4%
upgraded group in second period; and 65.4% comparator group v
57.5% upgraded group in third period; P = .126).

We then evaluated IPSS-R BM blast thresholds, considering
blasts from NECs, and focused on the new BM blast categories
defined by this index (0% to 2% v 2 to < 5%). No significant
difference was observed between the 617 patients with MDS with
0% to 2% BM blasts from TNCs who were upgraded to > 2 to

3288 © 2016 by American Society of Clinical Oncology

< 5% BM blasts from NECs or the 1,417 patients with MDS who
were not upgraded (median OS, 76.78 months v 81.81 months; P =
.305). Nevertheless, the four IPSS-R blast groups generated had
significantly different OS (0% to 2% v 2 to < 5%: median OS,
81.81 months v 67.06 months; P = .003; 2 to < 5% v 5% to 10%:
median OS, 67.06 months v 48.07 months; P < .001; 5% to 10%
y > 10%: median OS, 48.07 months v 16.86 months; P < .001;
combined for all strata P < .001), which demonstrated that our
approach fits well with IPSS-R blast thresholds.
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Fig 2. Overall survival (OS) by Kaplan-Meier analysis of patients with myelodysplastic syndromes with = 50% bone marrow (BM) erythroblasts (MDS-E) according to the
International Prognostic Scoring System (IPSS). (A) OS by IPSS risk groups enumerating blasts from total BM cellularity. (B) OS by IPSS risk groups enumerating blasts from
nonerythroid cells. (C) Forty-seven low-risk patients with MDS-E were upgraded to high-risk categories when blasts were considered from nonerythroid cellularity. These
upgraded patients achieved a lower OS than did those who remained in low-risk categories (median OS, 28.9 months v80.6 months). OS was compared with two-sided

log-rank test.

Finally, IPSS was recalculated enumerating BM blasts
from NECs for all 3,692 patients with MDS. As the upper limit
of BM blast percentage accepted in IPSS is 30%, patients with
a higher percentage were excluded. Four groups of patients
defined by this method had significantly different OS (median
0OS, 87.4 months, 54.1 months, 22.4 months, and 10.4 months,
respectively; P < .001; Figs 3A and 3B). Of interest, 258 (8.4%)
of 3,083 patients who were previously classified in lower-
risk IPSS categories were reclassified into higher-risk cate-
gories when blasts were enumerated from NECs. OS of this
group of higher-risk upgraded patients was significantly shorter

www.jco.org

compared with the group of patients who remained in lower-
risk categories (median OS, 34.1 months v 76.1 months, re-
spectively; P < .001; Fig 3C). Again, counting blasts from NECs
enabled us to detect a subset of patients that was considered as
lower risk but, in fact, achieved outcomes similar to those ex-
pected in higher-risk patients. In a multivariable Cox pro-
portional hazards regression model for OS, including the recoded
IPSS and the previously shown predictive variables, recoded
IPSS retained its independent prognostic influence on OS (hazard
ratio, 1.87; 95% CI, 1.77 to 1.97; P < .001; Appendix Table A7,
online only).
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The current study analyzed the clinicopathologic features of the
largest series of patients with de novo MDS-E (n = 465) reported
to date. An extensive group of patients with de novo MDS with
< 50% BM erythroblasts who were diagnosed in the same period
was also studied and used as a control group (n = 3,227). Our study
indicates that enumeration of blasts from NECs was the best
strategy for the prognostic assessment not only in patients with
MDS-E but also in all patients with MDS.

Expanded erythropoiesis is observed in approximately 15%
of patients with MDS but does not represent any specific
subtype of MDS in the 2008 WHO classification, as they have
similar clinical and cytogenetic features compared with MDS
without erythroid hyperplasia.””'" In our series, patients with
MDS-E achieved an OS similar to that of the control group,
even though the latter had more BM blasts. The lower blast
count in patients with MDS-E was an expected finding be-
cause patients with 10% to < 20% BM blasts fulfilled eryth-
roleukemia criteria and these were excluded from this
comparison.
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Fig 3. Overall survival (OS) by Kaplan-Meier analysis of all patients with myelodysplastic syndromes (MDS) according to the International Prognostic Scoring System
(IPSS). (A) OS by IPSS risk groups enumerating blasts from total bone marrow cellularity. (B) OS by IPSS risk groups enumerating blasts from nonerythroid cells. (C) Two
hundred fifty-eight low-risk patients with MDS were upgraded to high-risk categories when blasts were considered from nonerythroid cellularity. These upgraded patients
showed a lower OS than did those who remained in low-risk categories (median OS, 34.07 months v 76.12 months). OS was compared with two-sided log-rank test.
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Although there was no clear consensus in MDS-E on the best
method for enumerating BM blasts (from TNCs v NECs), final
WHO recommendation was to consider blasts from TNCs. We
assessed BM Dblast percentage according to both approaches to
evaluate the relevance of both methods on classification and
prognostication, first, on MDS-E and, last, in the whole series.

Approximately one fifth of patients with MDS-E who were
diagnosed within WHO categories with < 5% BM blasts were
reclassified into higher-risk categories when blasts were enumer-
ated from NECs, and these patients achieved a lower OS than did
patients with MDS-E who did not upgrade to another category. It
to be noted that by following current WHO recommendations,
RAEB-2 diagnosis is not possible in patients with MDS-E, as
patients with 10% to < 20% of BM blasts from TNCs fulfilled
erythroleukemia criteria. However, by enumerating blasts from
NECs, 72 patients with MDS-E—12 previously diagnosed within
categories with << 5% BM blasts and all 60 patients with RAEB-
1—were recoded to RAEB-2 and showed an inferior OS than
did patients with RAEB-1 without erythroid hyperplasia. These
findings suggest that considering BM blasts from TNCs un-
derestimates the risk of MDS-E when assigning a WHO category.
Our results, derived from a larger series, are in agreement with data
from a study by Wang et al® that investigated 74 patients with MDS-
E and suggested that enumerating blasts from NECs provides
a better risk stratification for MDS-E.

Mean of BM erythroblasts in patients with MDS-E was 58%
versus 30% in the control group; therefore, counting blasts from
NECs only in patients with MDS-E could underestimate the real
weight of blasts in patients without erythroid hyperplasia. On the
basis of this concept, we decided to enumerate BM blasts from
NECs in all patients of the series to reassign them into different
WHO categories. Risk groups defined by this model had signifi-
cantly different OS. Moreover, in line with previous data,'’ 12%
of MDS patients who were diagnosed within WHO categories with
< 5% BM blasts were reclassified into higher-risk categories, and
these patients achieved a poorer OS than did those who remained
in initial categories. Of interest, no significant OS differences were
observed in each of the new WHO categories regardless of the
presence of erythroid hyperplasia. Of note, OS of patients with
erythroleukemia did not differ from that of patients without
erythroid hyperplasia who had = 20% BM blasts from NECs,
which reinforced the idea supported, by several studies, that
erythroleukemia is in the continuum with MDS."*""”

Following current WHO recommendations, it is not possible
to assign patients with MDS-E to the high-risk IPSS category. After
recalculating IPSS by enumerating BM blasts from NECs in pa-
tients with MDS-E and in the overall MDS population, approxi-
mately 9% of lower-risk patients were reclassified into higher-risk
categories and demonstrated survival that would be expected for
higher-risk patients (approximately 30 months). These out-
comes are in line with the proposal of GESMD, which considers
to be high-risk patients those with an expected median OS
< 30 months.'**?

A proper prognostic stratification in MDS is essential for
designing risk-adapted therapeutic strategies than can range from
watchful waiting to allogeneic stem cell transplantation. The design
of improvement strategies in prognostic evaluation of patients
with MDS could help clinicians in risk-adapted therapeutic de-
cisions. A revision of the 4th edition of WHO Classification of
MDS is expected in mid-2016. On the basis of recommendations
of a clinical advisory committee, the nonerythroid blast cell count
rule will be eliminated.”> Our results, which are based on the
largest series of patients with MDS with erythroid hyperplasia, are
not in line with this statement and evidence that enumerating BM
blasts from NECs rather than from TNCs improves risk stratifi-
cation of MDS.

Our findings mean an important change in the global par-
adigm of prognostication in MDS and should be considered in
future WHO MDS classifications.
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Appendix

Grupo Espariol de Sindromes Mielodisplasicos Members

The following institutions and investigators from the Grupo Espartiol de Sindromes Mielodispldsicos (GESMD) participated in the
study: Hospital Universitario La Fe, Valencia (G. Sanz, E. Such, J. Cervera, L. Senent, A. Avaria); Hospital Clinic, Barcelona
(B. Nomdedeu, M. Nomdedeu, A. Pereira, D. Costa); Hospital del Mar, Barcelona (L. Arenillas, X. Calvo, L. Florensa, A. Ferrer,
C. Pedro); Hospital Central de Asturias, Oviedo (E. Lufio, T. Bernal); Hospital Universitario Bellvitge Hospitalet de Llobregat, Spain
(E. Alonso, M. Arnan), Hospital Germans Trias i Pujol, Badalona (B. Xicoy, J. Jiménez, J. Grau); Hospital Morales Meseguer, Murcia
(A. Jerez, M.L. Amigo, F. Ortufo); Hospital Universitario Vall D’Hebron, Barcelona (D. Valcarcel, J. Montoro); Hospital General
Universitario, Valencia (F. Carbonell, R. Collado); Hospital Univeristario 12 de Octubre, Madrid (J. Martinez, M.T. Cedena);
Hospital Universitario, Salamanca (C. del Cafizo, M. Diez-Campelo); Hospital Txagorritxu, Vitoria (M.T. Ardanaz); Hospital
Clinico Universitario, Valencia (M. Tormo); Hospital de Leén (F. Ramos); Hospital de la Ribera, Alcira (S. Bonanad); Hospital
Arnau de Vilanova, Lleida (V. Marco); Hospital de La Princesa, Madrid (V. Gémez); Hospital Carlos Haya, Malaga (A. Bailén);
Hospital. Clinico San Carlos, Madrid (A. Villegas); Hospital U. Virgen del Rocio, Sevilla (]. Falantes); Hospital de Sagunto, Sagunto
(M.]. Arilla); Hospital de Cabuenes, Gij'on (A. Ferndandez-Gonzalez); Hospital Puerta de Hierro, Madrid (G. Bautista); Hospital Dr
Peset, Valencia (R. Andreu); Hospital Severo Ochoa, Madrid (M.]. Requena); Hospital Valle de los Pedroches, Pozoblanco (R. Rios);
Hospital Nuestra Senora de Aranzazu, San Sebastian: (M.A. Etxebeste); Hospital Son Llatzer, Palma de Mallorca (J. Bargay);
Fundacién Hospital de Alcorcén, Madrid (L. Villalén); Hospital Universitario de Canarias, Santa Cruz de Tenerife (B. Gonzalez);
Hospital de Matar6, Barcelona (E. Plensa); Hospital Marqués de Valdecilla, Santander (A. Insunza); Hospital de Jerez, Jerez de la
Frontera (L. Hermosin); Hospital Duran i Reynals, UHospitalet (R. Duarte); Hospital General de Castellon (G. Canigral); Hospital
Universitario Virgen de la Victoria, Mélaga (R. Garcia); Hospital Insular de Gran Canaria, Las Palmas de Gran Canaria (M. Caballero);
Complexo Hospitalario de Pontevedra, Pontevedra (M.]. Allegue); Hospital Sant Pau, Barcelona (S. Brunet, A. Garrido); Universidad
de Navarra, Pamplona (M.]. Calasanz); and Centro Nacional de Investigaciones Oncolégicas, Madrid (J. Cruz, S. Alvarez).
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Fig A1. Overall survival (OS) by Kaplan-Meier analysis of patients with myelo-
dysplastic syndromes with = 50% bone marrow (BM) erythroblasts (MDS-E) and
comparison with control group. OS of 465 patients with MDS-E was similar to that
observed in 3,227 patients with MDS with < 50% erythroblasts (median OS, 60.4
months v 57.8 months). OS is indicated in months and was compared with two-
sided log-rank test. P value is denoted in the graph.

Table A1. 2008 WHO Classification of Myeloid Malignancies for Patients with Erythroid Precursors = 50% of Total Nucleated Cells in BM

Erythroid Precursors in BM, % Blood/BM Findings
= 50

Other Findings Diagnosis

= 20 blasts in blood or of all nucleated Case meets criteria for AML with
cells

= 80 immature erythroid precursors Few, if any, myeloblasts
with minimal maturation

AML with myelodysplasia-related
myelodysplasia-related changes changes

Minimal, if any, granulocytic component Pure erythroid leukemia

= 50 < 20% blasts in blood; blasts < 20% of Blasts = 20% of nonerythroid cells in  Erythroleukemia (acute eythroid/
all nucleated BM cells BM myeloid leukemia)

= 50 < 20% blasts in blood; blasts < 20% of Blasts < 20% of nonerythroid cells in ~ MDS; classify MDS according to
all nucleated BM cells BM

number of blasts as percentage of all
nucleated BM cells

Abbreviations: AML, acute myeloid leukemia; BM, bone marrow; MDS, myelodysplastic syndromes.
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Table A2. Distribution of 2008 WHO Subtypes Considering Blast Cells From Total Marrow Nucleated Cells or From Nonerythroid Compartment in MDS With Erythroid
Hyperplasia (= 50% Erythroblasts) and Comparison With Control Group (< 50% Erythroblasts)

MDS-E (n = 465) Control Group (n = 3,227)
Considering Blasts From TNCs Considering Blasts From NECs Considering Blasts From TNCs Considering Blasts From NECs
Subtype (Approach A) (Approach B) (Approach A) (Approach B)
RCUD 42 (8.1) 36 (6.9) 338 (10.5) 320 (9.9)
RARS 139 (26.7) 119 (22.9) 413 (12.8) 396 (12.3)
RCMD 200 (38.4) 147 (28.2) 1,272 (39.4) 1,100 (34.1)
50- 12 (2.3) 9(1.7) 192 (5.9) 167 (5.2)
MDS-U 12 (2.3) 5 (1) 62 (1.9) 53 (1.6)
RAEB-1 60 (11.5) 77 (14.9)* 492 (15.2) 538 (16.7)
RAEB-2 ot 72 (13.8)% 458 (14.2)8 478 (14.8)
175 (5.4)8

NOTE. Data are given as No. (%).

Abbreviations: 5g-, myelodysplastic syndromes with isolated del(5q); MDS-U, unclassifiable myelodysplastic syndromes; NEC, nonerythroid cell; RAEB-1, refractory
anemia with excess blasts-1; RAEB-2, refractory anemia with excess blasts-2; RARS, refractory anemia with ring sideroblasts; RCMD, refractory cytopenia with
multilineage dysplasia; RCUD, refractory cytopenia with unilineage dysplasia; TNC, total nucleated cell.

*These patients belong to categories with < 5% bone marrow blasts when enumerating of blasts from TNCs: RCUD, n = 6; RARS, n = 18; RCMD, n = 44; 5g-, n = 2;
MDS-U, n = 7.

TIn patients with = 50% erythroblasts when blasts were enumerated from total bone marrow cellularity, none of the cases could be classified as RAEB-2 because these
cases fulfilled the current WHO criteria of erythroleukemia.

$This group was composed of cases classified as RARS (n = 2), RCMD (n = 9), 5g- (n = 1), and RAEB-1 (n = 60) when blasts were considered from TNCs.
80f patients with RAEB-2, 38% (n = 175) presented = 20% BM blasts when those were considered from NECs.

Table A3. Reclassification of 2008 WHO Subtypes Considering Bone Marrow Blasts From TNCs or From NECs in Control Group

Subtype Considering Blasts From NECs

Subtype Considering Blasts From TNCs RCUD RARS RCMD bg- MDS- U RAEB-1 RAEB-2 AML Total
RCUD 320 0 0 0 0 18 0 0 338
RARS 396 0 0 0 17 0 0 413
RCMD 1,100 0 0 172 0 0 1,272
50- 167 0 25 0 0 192
MDS-U 53 9 0 0 62
RAEB-1 297 195 0 492
RAEB-2 283 175 458
Total 320 396 1,100 167 53 538 478 175 3,227

Abbreviations: 5g-, myelodysplastic syndromes with isolated del(5q); AML, acute myeloid leukemia; MDS-U, unclassifiable myelodysplastic syndromes; NEC,
nonerythroid cell; RAEB-1, refractory anemia with excess blasts-1; RAEB-2, refractory anemia with excess blasts-2; RARS, refractory anemia with ring sideroblasts;
RCMD, refractory cytopenia with multilineage dysplasia; RCUD, refractory cytopenia with unilineage dysplasia; TNC, total nucleated cell.
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Table A4. Reclassification of IPSS Categories Considering Bone Marrow Blasts From TNCs or From NECs in Control Group

IPSS Category Considering Blasts From NECs

IPSS Category Considering Blasts From TNCs Low Intermediate-1 Intermediate-2 High = 30% BM Blast, IPSS Not Assessable Total
Low 1,373 131 0 0 0 1,504
Intermediate-1 946 211 0 0 1,157
Intermediate-2 265 138 6 409
High 141 10 151
Total 1,373 1,077 476 279 16 3,221*

Abbreviations: IPSS, International Prognostic Scoring System; NEC, nonerythroid cell; TNC, total nucleated cell.
*We had information to calculate the IPSS in 3,221 (99.8%) of 3,227 patients in the control group.

Table A5. Mean and SD of Percent of Bone Marrow Blasts From TNCs and From NECs by 2008 WHO Subtypes

MDS-E Control Group P
A: Blasts From TNCs, Mean B: Blasts From NECs, Mean C: Blasts From TNCs, Mean D: Blasts From NECs, Mean

Subtype (SD) (SD) (SD) (SD) AvC BvD
RCUD 0.89 (0.98) 2.22 (2.45) 1.26 (1.27) 1.74 (1.73) 103 561
RARS 0.91 (1.09) 2.16 (2.60) 0.97 (1.02) 1.563 (1.62) .239 127
RCMD 1.39 (1.29) 3.45 (3.40) 1.68 (1.3) 2.48 (1.98) .002 .013
50- 1.25 (1.48) 3.26 (4.62) 1.81 (1.46) 2.41 (2.00) 183 .833
MDS-U 1.93 (1.24) 4.91 (3.12) 1.83 (1.39) 2.52 (1.96) .738 .015
RAEB-1 6.21 (1.39) 14.89 (3.65) 6.76 (1.36) 9.63 (2.48) .005 < .001
RAEB-2 13.35 (3.03) 18.83 (5.54)

Abbreviations: 5g-, myelodysplastic syndromes with isolated del(5q); MDS-U, unclassifiable myelodysplastic syndromes; NEC, nonerythroid cell; MDS-E, myelo-
dysplastic syndromes with = 50% BM erythroblasts; RAEB-1, refractory anemia with excess blasts-1; RAEB-2, refractory anemia with excess blasts-2; RARS, refractory
anemia with ring sideroblasts; RCMD, refractory cytopenia with multilineage dysplasia; RCUD, refractory cytopenia with unilineage dysplasia; SD, standard deviation;
TNC, total nucleated cell.

Table A6. Univariable and Multivariable Analyses for Overall Survival
Univariable Multivariable
Variable P HR 95% ClI P

Male sex < .001 1.23 1.11to0 1.37 < .001
Age, years

= 60 < .001 1.94 1.631t0232 < .001
Platelet count, X10%/L

< 30 < .001 1.61 1.32to01.97 < .001
Neutrophil count, X10%/L

<05 < .001 1.36 1.13to 1.63 .001
IPSS cytogenetic risk categories < .001 2.88 2481t03.36 < .001
Recoded WHO < .001 153 1.45t01.62 < .001
Abbreviations: HR, hazard ratio; IPSS, International Prognostic Scoring System.
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Table A7. Univariable and Multivariable Analyses for Overall Survival

Univariable Multivariable
Variable P HR 95% ClI P

Male sex < .001 1.24 1.11 to 1.37 < .001
Age, years

= 60 < .001 1.89 1.58 to 2.26 < .001
Platelet count, X10%L

< 30 < .001 1.58 1.29 t0 1.93 < .001
Neutrophil count, X10%/L

<05 < .001 1.23 1.07 to 1.65 .008
Recoded IPSS < .001 1.87 1.77 t0 1.97 < .001

Abbreviations: HR, hazard ratio; IPSS, International Prognostic Scoring System.
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Métodos y Resultados

TERCER TRABAJO
Single nucleotide polymorphism array karyotyping: a diagnostic and prognostic tool

in myelodysplastic syndromes with unsuccessful conventional cytogenetic testing.

Alrededor de un 50% de los pacientes con SMD de novo presentan un cariotipo
alterado. Este porcentaje se incrementa en los SMD secundarios a tratamiento, en los
gue se observan alteraciones citogenéticas hasta en un 80% de los casos. Las
alteraciones citogenéticas tienen un importante valor diagndstico y prondstico
independiente en los SMD. En ocasiones, en el estudio citogenético de algunos SMD
no se obtiene un nimero adecuado de metafases analizables. La técnica de SNP arrays
ha sido validada para la deteccidn de alteraciones cromosémicas en varias hemopatias.
Para llevarla a cabo no es necesario disponer de células en divisién sino ADN.

El objetivo de este estudio fue aplicar la técnica de SNP arrays en una serie de SMD en
los que no se obtuvo un cultivo citogenético adecuado y estudiar la utilidad de esta

técnica en el diagndstico y prondstico de este grupo de pacientes.

Pacientes y métodos

- Se estudiaron 62 pacientes (56 SMD primarios y 4 LMMC, segun la clasificacion OMS
2008; y 2 AREB-T, segun la clasificacion FAB) en los que no se obtuvieron un nimero

adecuado de metafases en el cultivo citogenético.

- 42 pacientes pertenecian a centros participantes en el GESMD y 20 a la Cleveland

Clinic (Cleveland (OH), EEUU).

- Se disponia de la informacidon del tratamiento recibido en 33 de los 62 pacientes: 20
habian recibido tratamiento de soporte y 13 habian recibido tratamientos adicionales
(6 agentes eritropoyéticos, 5 azacitidina y 2 lenalidomida). Ninguno de los pacientes

recibié trasplante de progenitores hematopoyéticos.
- Se disponia de seguimiento clinico completo de 60 de los 62 pacientes.
- El ADN se extrajo de muestras del diagndstico, en 47 pacientes de MO total y en 15

pacientes de SP. No se disponia de ADN de tejido control.
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Estrategias de mejora en la evaluacién diagnéstica y pronéstica de los SMD

- En 55 pacientes la plataforma de microarray utilizada fue Genome-Wide Human SNP
Array 6.0 y en 7 pacientes GeneChip Human Mapping 250K Nsp, ambas de
Affymetrix®.

- El analisis de los resultados se realizd con los softwares: Genotyping Console 4.0 y
Chromosome Analysis Suite 1.0.1.

- Al no disponer de tejido control se aplicé el algoritmo de analisis propuesto por

182 De forma resumida, consideramos las CNA (microdeleciones o

Maciejewski.
microduplicaciones) con una longitud minima de 100 Kb y que contengan un minimo
de 10 sondas aberrantes. Cuando la CNA se superponia en un 50% o mas con algun
polimorfismo previamente descrito en las bases de datos publicas o en una serie de
1003 controles de la Cleveland Clinic, era considerada germinal y excluida del andlisis.
Para las CN-LOH, se consideraron somaticas todas las localizadas a nivel telomérico y
las intersticiales con un tamafio igual o superior a 20 Mb.

- Las curvas de supervivencia se construyeron mediante el método de Kaplan-Meier

para el intervalo entre la fecha del diagndstico y la fecha de muerte o ultima visita

(SG), y se compararon con el test de log-rank.

Resultados

Cariotipado mediante SNP arrays

- La técnica de SNP arrays permitié la deteccién de alteraciones citogenéticas en
31(50%) de 62 pacientes: 21 CNA; 2 CNA y CN-LOH; 8 CN-LOH.

- Se detectaron alteraciones tanto en muestras de SP (N=8) como en MO (N=23). No se
observaron diferencias en el tipo de alteraciones detectadas entre un tipo de muestra
y otro.

- Los cromosomas en los que se detectaron mas alteraciones fueron: 1, 3, 5y 7. En
cuanto a las alteraciones citogenéticas mas frecuentemente observadas en SMD. 10
casos presentaban del(5q) y 6 casos alteraciones en el cromosoma 7 (4 delecionesy 2
CN-LOH).

- En 7 pacientes (11%) se detectd un cariotipo complejo por SNP arrays (23

alteraciones numéricas).
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- Se detectaron 19 CN-LOH de tamaio significativo en 10 pacientes. Dichas

alteraciones no pueden ser detectadas ni por citogenética convencional ni por FISH.

Impacto clinico de las alteraciones citogenéticas detectadas mediante SNP arrays

- La mediana de seguimiento fue de 32.2 meses. El 43% de los pacientes (N=26) habian
fallecido en el momento del analisis.

- No se observaron diferencias en SG entre los pacientes que presentaban alteraciones
por SNP arrays y los que no presentaban, cuando se consideraban juntas la CNA y CN-
LOH. Sin embargo, cuando se consideraron unicamente las CNA, los pacientes que las
presentaban tenian una SG significativamente menor a los que no las presentaban.

- Se utilizé la informacidn citogenética obtenida mediante SNP arrays para calcular el
grupo de riesgo citogenético segun el IPSS. Los 3 grupos de riesgo mostraron
diferencias en cuanto a OS. Resultados similares se observaron con los 5 grupos de

riesgo citogenético del IPSS-R.

Resultados en los 54 pacientes con diagndstico de SMD segun OMS 2008

- La mediana de seguimiento fue de 32.36 meses. El 40% de los pacientes (N=26)
habian fallecido en el momento del andlisis.

- Al igual que ocurria en toda la serie, la SG de los pacientes con CNA fue
significativamente menor que la de los pacientes que no las presentaban.

- En 35 pacientes se disponia informacién completa para calcular el IPSS y el IPSS-R
utilizando los resultados de las CNA mediante SNP arrays para establecer el riesgo
citogenético. Se observaron diferencias en SG entre los pacientes catalogados en
categorias de riesgo bajo e intermedio-1 frente a los catalogados en categorias de
riesgo intermedio-2 y alto, segun IPSS. Asimismo, se observaron diferencias entre los
pacientes con riesgo muy bajo/bajo/intermedio y los que presentaban riesgo alto/muy

alto, segun IPSS-R.
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Single Nucleotide Polymorphism Array Karyotyping:
A Diagnostic and Prognostic Tool in Myelodysplastic
Syndromes with Unsuccessful Conventional
Cytogenetic Testing
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Cytogenetic aberrations identified by metaphase cytogenetics (MC) have diagnostic, prognostic, and therapeutic implications
in myelodysplastic syndromes (MDS). However, in some MDS patients MC study is unsuccesful. Single nucleotide polymor-
phism array (SNP-A) based karyotyping could be helpful in these cases. We performed SNP-A in 62 samples from bone mar-
row or peripheral blood of primary MDS with an unsuccessful MC study. SNP-A analysis enabled the detection of
aberrations in 31 (50%) patients. We used the copy number alteration information to apply the International Prognostic Scor-
ing System (IPSS) and we observed differences in survival between the low/intermediate-| and intermediate-2/high risk
patients. We also saw differences in survival between very low/low/intermediate and the high/very high patients when we
applied the revised IPSS (IPSS-R). In conclusion, SNP-A can be used successfully in PB samples and the identification of CNA
by SNP-A improve the diagnostic and prognostic evaluation of this group of MDS patients. ~ © 2013 Wiley Periodicals, Inc.

INTRODUCTION

Myelodysplastic syndromes (MDS) are a group
of acquired clonal hematopoietic disorders, charac-
terized by cytopenias, dysplasia in one or more of
the myeloid cell lines, and an increased risk of
development of acute myeloid leukemia (AML).
Cytogenetic analysis has provided fundamental
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insights into the molecular pathogenesis of a vari-
ety of hematological disorders. Cytogenetic abnor-
malities identified by metaphase cytogenetics
(MC) are observed in approximately 50% of MDS
cases (Haase et al., 2007). MDS have been classi-
fied according to the French-American-British
(FAB) classification system (Bennett et al., 1982)
and, more recently, according to the WHO criteria
(Brunning et al., 2008), the latter based on the
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number of cytopenias, the type and degree of dys-
plasia, the presence of ring sideroblasts, percent of
blasts in the peripheral blood (PB) and the bone
marrow (BM) and, cytogenetic data. The Interna-
tional Prognostic Scoring System (IPSS) (Green-
berg et al, 1997), and the recently published
revised IPSS (IPSS-R) (Greenberg et al., 2012),
are the most commonly used prognostic systems
for MDS and include variables such as the number
and depth of cytopenias, percentage of BM blasts,
and karyotype. However, standard MC has techni-
cal limitations that result in the underestimation
of the degree of chromosomal changes and in
some cases may fail to provide results because of
the growth of no or few cells in metaphase (Cer-
vera et al., 2009). Fluorescence in situ hybridiza-
tion (FISH) may complement the MC study
(Cherry et al., 2003); however, its utility is limited
to the detection of particular lesions (Jiang et al.,
2012). Array-based technologies can be used for
karyotyping and can solve some of the shortcom-
ings of MC. Single nucleotide polymorphism
arrays (SNP-A) and comparative genomic hybrid-
ization arrays (CGH-A) have identified new chro-
mosomal defects in several hematologic disorders,
suggesting its potential clinical utility (Gondek
et al., 2007; Maciejewski et al., 2009). SNP-A pro-
vides a whole genome approach with a good reso-
lution for copy number alterations (CNA) and
copy number neutral loss of heterozygosity
(CN-LOH). To date, several SNP-A studies of
MDS have been published (Mohamedali et al.,
2007; Gondek et al., 2008; Heinrichs et al., 2009;
Tiu et al., 2011; Merkerova et al., 2012). SNP-A-
based karyotyping could resolve MDS cases with
non-informative MC. Only limited data on the
application of this technique in this subset of
MDS patients are available. The aim of our study
was to apply SNP-A karyotyping in MDS patients
with an unsuccessful routine MC study in order to
elucidate the potential usefulness of this tech-
nique to improve the diagnosis and prognostica-
tion of this group of patients.

MATERIALS AND METHODS

Patient Cohort

We studied 62 patients (56 primary MDS
according to the 2008 WHO classification and 4
chronic myelomonocytic leukemia (CMML) as
well as 2 refractory anemia with excess of blasts in
transformation (RAEB-t) according to the FAB
classification) whose BM karyotype showed no

Genes, Chromosomes & Cancer DOI 10.1002/gcc

mitoses (# = 61) or <10 analyzable metaphases
(7 = 1). We had treatment information on 33 out
of the 62 patients. Among them, 20 paticnts
received only supportive care with red blood cell
and/or platelet transfusions and 13 received addi-
tional treatments (5 azacytidine, 2 lenalidomide,
and 6 erythropoiesis-stimulating agents). None of
the patients received allogeneic stem cell trans-
plantation. Information on overall survival (OS)
and transformation to AMIL was available in
60 patients. Informed consent had been obtained
for sample collection from patients according to
institutionally approved protocols. The study was
conducted fulfilling the biomedical research
guidelines of Declaration of Helsinki.

G-Banding Cytogenetics

Conventional cytogenetics studies were per-
formed on bone marrow (BM) at the individual
centers following standard procedures.

DNA Preparation

DNA was extracted from whole BM (z» = 47) or
peripheral blood(PB) (# = 15) at the individual
centers at diagnosis and before receiving any ther-
apy. Some of the samples were obtained from Parc
de Salut MAR Biobank (MARBiobanc). The purity
and concentration of genomic DNA was evaluated
using the ND-1000 Spectrophotometer (Thermo-
fisher Scientific, Wilmington, DE). The integrity
was checked by a 2% agarose gel. Only DNA that
fulfilled quality controls required by Affymetrix®
were submitted to array procedure. No DNA sam-
ples from control tissue were available.

Single Nucleotide Polymorphysm (SNP-A)

SNP-A were performed at two centers (Hospital
del Mar, Barcelona, Spain and Cleveland Clinic,
Cleveland, OH). Cases were hybridized with
Human SNP arrays from Affymetrix® (Affymetrix,
Santa Clara, CA): 55 with Genome-Wide Human
SNP Array 6.0 and 7 with GeneChip Human Map-
ping 250K Nsp. Assays were performed according
to the manufacturer’s protocols.

SNP-A Data Analysis

The analysis was performed with the Genotyp-
ing Console 4.0 and Chromosome Analysis Suite
1.0.1, wusing annotations of genome version
NCBIv30 (hgl8). The diagnostic procedures for
detection of lesions were as follows: (1) We



SNP ARRAY IN MYELODYSPLASTIC SYNDROMES 1169

considered CNA (microdeletions or microduplica-
tions) of 100 Kb that carried a minimum of 10
aberrant probes. In addition to software-reported
CNA analysis, a visual test was performed. When
CNA overlapped >50% with previously reported
in public available copy number variant databases
or in an internal control database (# = 1,003) pro-
vided by the Translational Hematology and
Oncology Research Department from Cleveland
Clinic (USA) they were considered germline and
excluded; (2) If CN-LOH were detected, telo-
meric lesions or interstitial defects >20 Mb were
considered somatic abnormalities (Maciejewski
et al., 2009).

Fluorescence In Situ Hybridization (FISH)

FISH was performed on cases with available
fixed Carnoy cells. The studied regions were 5q,
7q, chromosome 8, and 20q, with the following
probes: LSI5q31 (EGR1)/D5S23, D5S21 probe;
LLS17q31 (D7S486)/CEP7;, CEPS8, and L1.SI20q12
(D20S108) (Abbott Molecular, Des Plaines, 1L).

Statistical Analyses

Statistical analyses were performed using SPSS
version 17.0 (SPSS, Chicago, IL). Comparison
between groups was made using a two-sided Fish-
er’s exact test. We used the Kaplan—-Meier method
to estimate OS and log rank for comparisons. OS
was defined as time from diagnosis to death or last
follow-up. All P values reported are two-sided
and a P value <0.05 was considered statistically
significant.

RESULTS

SNP-A Karyotyping Results

SNP-A results are summarized in Table 1. SNP-
A analysis enabled the detection of aberrations in
31 (50%) out of 62 patients: 21 with CNA, 2 with
CNA plus CN-LLOH, and 8 with only CN-LLOH.

We performed SNP-A of BM samples in 47
patients and of PB samples in 15 patients. Eight
out of 31 aberrations were detected in PB samples
and 23 in BM. There were no differences in either
the number or the type of alterations observed in
PB or BM.

SNP-A abnormalities were most frequently
found in chromosomes 1, 3, 5, and 7. Focusing on
characteristic cytogenetic MDS aberrations, we
observed 10 cases involving deletion of 5q (all of
them also observed in the FISH study) and 6 cases

with 7q abnormalities (4 deletions, observed in the
FISH study also, and 2 CN-LLOH). In one patient,
del(5q) was detected by FISH but not by SNP-A.
In seven (11%) cases we observed a complex
karyotype (>3 numerical aberrations) by SNP-A.

We detected 19 significant CN-LOH in 10
patients, seven affecting the telomeric region and
18 in interstitial position. Median size of telomeric
lesions was 9.3 and 32.2 Mb in the interstitial
ones. We also detected six interstitial CN-LOH
smaller than 20 Mb. A list of selected genes
located in aberrant regions with potential role in
the disease is provided in Table 1.

Clinical Relevance of Defects in Patients with
Failed MC

Follow-up information of 60 patients was avail-
able. Median follow-up for surviving patients was
8.9 months (range 0.4-95.9). Median OS for the
entire cohort was 31.2 months (95% CI: 14.16—
48.20). Twenty-six (43%) patients were dead at the
time of the analysis. We examined whether identi-
fication of chromosomal abnormalities had any
impact on patientprognosis. We analyzed the sur-
vival of patients with or without abnormalities
(CNA and/or CN-LOH) detected by SNP-A. No
significant difference was found. However, when
we considered only the presence of CNA, survival
of patients with CNA detected by SNP-A was
worse compared with those without CAN (median
7.7 months [95% CI: 5.7-9.8] vs. 43.4 months
[95% CI: 21.4-69.37]; P = 0.010) (Fig. 1).

We grouped patients by IPSS cytogenetic risk
categories (low, intermediate, and high) with the
CNA information obtained by SNP-A. There were
differences in terms of survival (median 46.03
months [95% CI: 11.48-80.58] vs. 31.63 months
[95% CI: 0.01-66.84] vs. 6.54 months [95% CI:1.42—
11.66]; P = 0.000). We observed the same results
when we grouped patients in the five cytogenetic
risk categories according the IPSS-R (median 46.03
months [95% CI: 8.15-83.90] vs. 31.63 months [95%
CI:0-67.56] vs. 4.43 months [95% CI: not calculable]
vs. 6.53 months [95% CI:0-15.02]; 2 = 0.000). In
our series, no patient was classified in the cytoge-
netic category of very good prognosis. Survival anal-
ysis are summarized in Table 2.

Results of the 54 Patients with MDS According to
2008 WHO Classification

Median follow-up was 11.15 months (range

0.36-95.93). Median OS for the WHO MDS

Genes, Chromosomes & Cancer DOI 10.1002/gcc
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cohort was 32.36 months (95% CI: 7.94-56.77).
Twenty-two (40%) patients were dead at the time
of the analysis. As in the whole series, when we
considered the presence or not of CNA by SNP-A,
OS of patients with CNA was worse compared
with those without CNA (median 7.72 months
[95% CI: 6.91-8.52] vs. 45.37 months [95% CI:
21.56-69.22]; P = 0.019) (Fig. 2).

Considering that the most frequent cytogenetic
abnormatlities in MDS are unbalanced chromo-
somal abnormalities (gains and losses), we tenta-
tively assessed the IPSS risk group of the 35
patients with clinical and morphologic data avail-
able, using the CNAs information obtained by
SNP-A to determine the cytogenetic risk category.
We clustered the patients into low/intermediate-1
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Figure |. Kaplan—Meier survival curve of patients with or without

copy number alterations (CNA) detected by SNP-A. Whole series
(P = log-rank test).
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Figure 2. Kaplan—Meier survival curve of patients with or without
copy number alterations (CNA) detected by SNP-A. MDS according
to 2008 WHO classification (P = log-rank test).

risk and intermediate-2/high risk and observed dif-
ferences in OS (median: 67.77 [95% CI: not calcu-
lable] vs. 7.95 months [95% CI: 5.09-10.82]; P =
0.002) (Fig. 3). In the same way, we calculated the
revised IPSS (IPSS-R) and also noted differences
in survival after grouping patients into two catego-
ries, very low/low/intermediate and high/very high
(median: 67.77 [95% CI: not calculable] vs. 7.95
months [95% CI: 5.053-10.85]; P = 0.001) (Fig. 4).

DISCUSSION

MC is a robust, reliable, and extremely useful
technique in the diagnosis of hematologic disor-
ders, particularly in MDS. However, in certain
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Figure 3. Kaplan—Meier survival curve of patients within individual
IPSS risk groups considering SNP-A results (P = log-rank test). Patients
were grouped in low/intermediate-| risk and intermediate-2/high risk.
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Figure 4. Kaplan—Meier survival curve of patients within individual
IPSS-R risk groups considering SNP-A results (P = log-rank test).
Patients were grouped in very low/low/intermediate risk and high/very
high risk.
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TABLE 2. Survival Analysis with Cytogenetic Information Obtained by SNP-A

Median survival

Factor (months) 95% Cl P
Aberrations detected by SNP-A

CNA 7.7 5.7-9.8 0.010
No CNA 434 21.4-69.37

IPSS cytogenetic risk categories

Good 46.03 11.48-80.58 0.000
Intermediate 31.63 0.01-66.84

Poor 6.54 |.42—11.66

IPSS-R cytogenetic risk categories

Very good no patients 0.000
Good 46.03 8.153-83.90

Intermediate 31.63 0-67.56

Poor 4.43 NC

Very Poor 6.538 0-15.02

IPSS category

Low/intermediate- | 67.77 NC 0.002
Intermediate-2/high 7.95 5.09-10.82

IPSS-R category

Low/low/intermediate 67.77 NC 0.001
High/very high 7.95 5.053-10.85

IPSS: international scoring prognostic system; IPSS-R: IPSS- Revised.

patients cytogenetic testing does not yield inform-
ative results, hindering the application of prognos-
tic schemes, such as IPSS or IPSS-R and leading
to loss of important diagnostic and prognostic
information. It is difficult to establish the actual
incidence of MC study failure because it is highly
variable among centers, but it has been estimated
to be about 6-20% (Cervera et al., 2009; Jiang,
2012). MDS Spanish Registry and the German-
Austrian MDS Study Group evaluated the charac-
teristics, outcome and prognostic factors of a large
series of 247 MDS patients with unsuccessful con-
ventional cytogenctic study, and compared with
those of a group of 2,418 patients with successful
cytogenetic study (Cervera et al, 2009). They
found that the median OS of patients with unsuc-
cessful cytogenetics was comparable to that of
patients belonging to the IPSS intermediate cyto-
genetic risk category, suggesting that unsuccessful
cytogenetics have and independent prognostic
impact in MDS. Probably, MDS with unsuccessful
conventional cytogenetic study is a heterogeneous
group, in some cases due to disease related factors
but in others due to technical problems.
Identification of new defects with the use of
DNA-based techniques, such as CGH-A and
SNP-A, may complement MC and improve the
diagnosis and prognostication in MDS and other
myeloid malignancies. The concurrent use of
SNP-A, FISH, and MC in the initial cytogenetic
evaluation of patients with hematologic conditions

Genes, Chromosomes & Cancer DOI 10.1002/gcc

has been proposed by some authors (Tiu et al.,
2011; Merkerova et al., 2012). DNA-based techni-
ques are particularly useful in samples that are
inadequate for cytogenetic analysis. This is likely
due to the fact that they do not require culture
and can be performed on extracted DNA, easily
obtainable from even very paucicellular speci-
mens. SNP-A provides a whole genome approach
with a good resolution for CNA and CN-LOH. Its
disadvantages are the inability to detect balanced
chromosomal aberrations, although these changes
are rare in MDS (Costa et al., 2013), or the failure
to detect minor pathologic clones (Maciejewski et
al, 2009). FISH has a higher sensitivity, with
detection of aberrations with minimal number of
clonal cells in the sample, but its utility is limited
to the detection of particular lesions (Cherry et al.,
2003; Jiang et al., 2012).

T'he clinical usefulness of SNP-A as a karyotyp-
ing platform in MDS and other hematologic disor-
ders has been previously reported (Mohamedali
et al., 2007; Gondek et al., 2008; Heinrichs et al.,
2009; Tiu et al., 2011; Merkerova et al., 2012), but
to our knowledge this is the largest series of MDS
patients with an unsucccessful routine MC study.
We observed that application of SNP-A karyotyp-
ing allows for establishment of karyograms and
thereby detection of the presence of clonal chro-
mosomal aberrations in this subset of MDS
patients. The present SNP-A application detected
aberrations in 31 (50%) out of 62 patients, eight of
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which were detected in PB. We did not observe
differences in either the proportion or the type of
alterations observed in PB or BM. A good correla-
tion between BM and PB FISH results in MDS
patients has been described. PB samples have
been proposed as an optimal specimen to monitor
the clinical course using FISH, in some cases
being able to detect cytogenetic alterations before
clinical manifestations (Braulke et al.,, 2010;
Cherry et al.,, 2012). In myeloproliferative neo-
plasms, PB samples have been used successfully
to perform SNP-A analysis (Rumi et al., 2011). In
MDS, a recent study showed an excellent con-
cordance both for SNP-A karyotype and muta-
tional analyses between BM and PB, although
with a lower clonal burden in PB (Mohamedali
et al., 2013). Our results also show that the SNP-A
technique could be used successfully in PB MDS
samples.

In the present study, among 62 MDS patients
with unsuccessful MC, SNP-A revealed abnormal-
ities in half of them. These included some of the
most characteristic MDS aberrations detected by
MC such as del(5q), chromosome 7 abnormalities
(-7/7q-) and trisomy of chromosome 8 in 10, 5, and
2 cases, respectively, replicating the frequencies of
these recurrent defects in patients with successful
MC exam (Solé et al., 2005; Haase et al., 2007).
We have also identified large defects involving
chromosomes 1, 12, and 13. All these aberrations
are clearly somatic and have been described previ-
ously in myeloid malignancies by MC studies
(Solé et al., 2005; Haase et al., 2007). FISH analy-
sis could also identify these lesions, although if a
broad panel of probes is needed the cost-
effectiveness of SNP-A is higher.

In one of our cases we detected del(5q) by
FISH but not by SNP-A; we apply FISH tech-
nique routinely in all patients with failed MC
(Mallo et al., 2008). This discrepancy could be
explained by the low tumor burden in this patient
(FISH analysis on cultured cells revealed 5q dele-
tion in 21% of nuclei) and the sensitivity of the
SNP-A technique is estimated to be around 20%
for losses.

In our series, the detection of CNA by SNP-A
could have clinical relevance as shown by its impact
on OS. Identification of chromosomal aberrations
with poor prognostic value is of clear clinical signifi-
cance and may affect clinical management. It has
been reported that use of SNP-A in the evaluation
of patients with MDS and related cancers was able
to delineate further cytogenetic risk groups deter-
mined by MC as defined by IPSS (Mohamedali

et al.,, 2007). In our cases, we had no cytogenetic
information due to MC failure, so we examined the
effect of CNA defects detected by SNP-A on the
IPSS risk groups. Patients categorized in the low/
intermediate-1 risk category had better OS than
patients in the intermediate-2/high risk category.
Similar results were observed when the CNA aber-
rations were used to determine the cytogenetic risk
category and to calculate the IPSS-R.

One of the major advantages of SNP-A as com-
pared to CGH-A is detection of CN-LLOH or uni-
parental disomy (UPD), a common defect in
hematologic malignancies and present in 20% of
MDS (Gondek et al., 2008; O’Keefe et al., 2010).
CN-LOH are valuable markers for identifying seg-
ments that can harbor mutations in genes, includ-
ing KZH2, CBL, TET2, and TP53 (Kralovics et al.,
2002, 2005; Delhommeau et al.,, 2009; Lange-
meijer et al., 2009; Heinrichs et al., 2010; Jasek
et al., 2010; Nikoloski et al., 2010). Somatic point
mutations are common in MDS and are associated
with specific clinical features (Bejar et al., 2011).
We report the identification of CN-LOH in ten
out of 62 patients, which based on size (>20 Mb)
and location (telomeric) were considered of
somatic origin. Some of these aberrations affect
regions containing genes previously reported as
important in MDS pathogenesis. Another six inter-
stitial CN-LOH, smaller than 20 Mb in size, were
detected. One of these small aberrations was
located in 2p25.3p25.1, a region that contains a
gene component of RNA splicing machinery,
SF3B1, whose mutations are related to the pres-
ence of ring sideroblasts (Malcovati et al., 2011;
Patnaik et al., 2012). The patient who had this
CN-LLOH did not show >15% ring sideroblasts and
no sample was available to verify the posible pres-
ence of an SF3BI mutation. Whether CN-LOH
provides important prognostic information or not, is
a question to be addressed in prospective studies
with larger cohorts using SNP-A technology.

In summary, our results show that the SNP-A
technique can be used successfully on PB and BM
samples in patients with unsuccessful MC analysis
and its application leads to improved prognostic
classification according to IPSS in this group of
patients. Our results demonstrate that a large pro-
portion of such cases harbor clinically relevant
lesions. The identification of CNA by SNP-A kar-
yotyping would improve the diagnostic and prog-
nostic evaluation of these subset of MDS patients.
Recurrent areas of acquired CN-LLOH are lesions
widely present in MDS, but their definitive
impact awaits a formal prognostic analysis in larger
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patient seres. Therefore, we sugpest that in cages
with Failed MC, SNP-A should be inclided a5 a
promising tool for both diagnosis ax well o prog-
et i strati fcation,
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Discusion

Los sindromes mielodisplasicos constituyen un conjunto heterogéneo de
enfermedades agrupadas por varios rasgos comunes como son la hematopoyesis
ineficaz y la displasia morfoldgica. En los ultimos afos, se han desarrollado sistemas de
clasificacién e indices prondsticos basados fundamentalmente en datos analiticos,
morfoldgicos y citogenéticos. La heterogeneidad en su presentacion clinica asi como el
solapamiento de algunas de sus caracteristicas con otras entidades, convierte a los
SMD en una enfermedad dificil de diagnosticar. Asimismo, bajo el diagnéstico de SMD
se incluyen entidades con una evolucidon clinica muy variable, desde procesos
indolentes con supervivencias esperadas de mas de 10 afos a cuadros mas agresivos
con una esperanza de vida de pocos meses. Dado que el tratamiento de los pacientes
con SMD se indica en funcidon a su riesgo, es de vital importancia una adecuada
evaluacidén prondstica.

En el primero de los trabajos que compone la presente tesis se han evaluado las
potenciales dificultades en el diagndstico morfolégico de los SMD segun la clasificacion
OMS vy se han propuesto estrategias de mejora. El segundo de los trabajos evalua si
establecer el porcentaje de blastos de MO en base a la celularidad no eritroide tienen
un impacto en la prediccién del riesgo de los pacientes con SMD. Por ultimo, en el
tercer trabajo, se estudid la aplicabilidad y utilidad de la técnica de SNP arrays en
pacientes con SMD en los que no se habia conseguido un estudio citogenético
convencional adecuado, y por tanto, carentes de una informacion indispensable para
evaluar su riesgo. A continuacion se discutiran los resultados obtenidos en cada uno de

ellos.

PRIMER TRABAJO

A pesar de los importantes avances en el conocimiento genético y molecular de los
sindromes mielodisplasicos, la citologia dptica sigue siendo la piedra angular de su
diagndstico. Este estudio se disend con el objetivo de evaluar la variabilidad entre
observadores a la hora de aplicar los criterios diagndsticos propuestos por la
clasificacion OMS 2008 vy definir potenciales dificultades. De forma global, en nuestro

trabajo encontramos una moderada reproducibilidad en la clasificacion 2008.
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El porcentaje de blastos en médula ésea es uno de los principales factores prondsticos
en los SMD,*”*** y ha sido incluido en los indices prondsticos mas utilizados™ 214132,
Por tanto, es crucial una correcta identificacion de los blastos. La clasificacion FAB
definia dos tipos de blastos, tipo | y tipo Il. Ambas células estaban definidas en lineas
generales como células con una elevada relacion nucleocitoplasmatica, una cromatina
poco condensada y nucleolos generalmente visibles, y se diferenciaban entre ellas por
la presencia (tipo I1) o ausencia (tipo 1) de granulacién.”® Posteriormente Goasguen et
al describieron un tercer tipo de blasto, el blasto tipo lll, con las caracteristicas
generales de la célula blastica pero con mas de 20 finos granulos azurdfilos.’®® Esta
ultima definicion no tuvo una gran aceptacién, siendo éstas células consideradas
promielocitos por la mayoria de los autores. La clasificacién de la OMS no da ninguna
recomendacion especifica para la definicién de las células blasticas. En 2008, Mufti y
colaboradores del IWG-MDS expusieron las dificultades en el diagndstico morfoldgico
de los blastos.** En dicho trabajo, los expertos definieron los mieloblastos en base a
varias caracteristicas nucleares (alta relacién nucleocitoplasmatica, nucléolos
facilmente visibles y, habitualmente pero no invariablemente, cromatina fina) vy
citoplasmaticas (basofilia variable, ausencia de zona clara, que corresponde al aparato
de Golgi), y recomendaron la terminologia agranular (tipo | en clasificacion FAB) vy
granular (tipo Il en clasificacion FAB y Ill definido por Goasguen). La mayor dificultad en
la identificacién de los blastos en los SMD radica en la distinciéon entre el blasto
granular y el promielocito, que habitualmente presente dismorfias (hipo vy
desgranulacidn). En nuestro trabajo encontramos un acuerdo casi perfecto entre
observadores en el recuento de blastos de MO en casos con <5% o con > 10% blastos.
En aquellos casos con blastos > 5% y <10%, la tasa de concordancia fue moderada.
Esto implica que un paciente puede ser clasificado como AREB-1 6 AREB-2
dependiendo del observador. Evaluamos ademads la concordancia interobservador

121

para el punto de corte de 2% que propone el IPSS-R.”*" El grado de acuerdo fue dptimo

para los casos con £ 2% de células blasticas pero, de nuevo, no fue tan bueno para los

casos con recuentos de blastos entre 2% y 5%. Datos similares fueron encontrados por

184
l.

Font et a Para minimizar estas discrepancias las guias clinicas recomienda la

realizacion del mielograma en al menos 500 células.®®®¥%2 La  tincién

inmunohistoquimica con anti-CD34 en muestras de biopsia de médula dsea puede ser
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util para realizar una estimacién del numero de blastos, sin embargo, este recuento no

138 Del mismo modo, la evaluacion

debe sustituir nunca al realizado mediante citologia.
cuantitativa de los blastos de MO mediante citometria de flujo presenta ciertas
limitaciones. lo que dificulta su exactitud y reproducibilidad (variabilidad en el
procesamiento de la muestra, muestras hemodiluidas, dificultad de identificacion de
los blastos respecto a otras poblaciones celulares, no siempre expresan el antigeno
CD34, etc).'” Por todo ello, la determinacién de la cifra de blastos mediante otras
técnicas puede ser orientativa pero nunca sustituir a la citologia dptica que, hoy por
hoy, sigue siendo la técnica gold-standard.

Establecer de forma adecuada el porcentaje de blastos en SP también es vital para el

185 En nuestro estudio,

diagnéstico y clasificacién de los pacientes con SMD.
encontramos un acuerdo débil en el recuento de blastos de sangre periférica. Este
resultado podria deberse al escaso numero de células blasticas presentes
habitualmente en SP. Las discrepancias entre observadores podrian solventarse
incrementando el nimero de células en los recuentos diferenciales.

Varios estudios han correlacionado la presencia de displasia multilinea (displasia en al

menos 2 de las tres series mieloides) con un peor prondstico en SMD sin exceso de

48,144 1,39,7

blastos, concepto que se incorpord en la clasificacion OMS Ademas, el
hallazgo de neutréfilos hiposegmentados tipo Pelger (210%) y micromegacariocitos
(>10%) se ha relacionado con una menor supervivencia.'*® La distincién entre displasia
unilinea y multilinea ha sido criticada por algunos grupos, ya que la evaluacion de los
rasgos morfoldgicos de displasia es en ocasiones dificil debido a la escasez de

, . e 184,186-1
pardmetros objetivos. 81857188

En nuestro trabajo encontramos un moderado grado de
acuerdo entre observadores en el diagndstico de los rasgos de dismegacariopoyesis y
disgranulopoyesis, pero fue pobre para la displasia eritroide. Esto probablemente se
debe a que los rasgos de displasia mas frecuentemente observados en la serie
megacariocitica (nucleos sueltos, nucleos monolobulados, micromegacariocitos, etc) y
en la granulocitica (hipo/agranularidad, anomalia pseudo-Pelger-Huét, etc) son mas
objetivos y reproducibles que los rasgos de la displasia de la serie eritroide
(asincronismo madurativo, distribucién andémala de la hemoglobina, etc). En un

intento de mejorar la identificacién de los signos de displasia el IWGM-MDS ha

publicado varios documentos de consenso en los que se revisa la definicion de
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mieloblastos y sideroblastos en anillo, la evaluacién morfolégica de los monocitos y sus
precursores, definicién de los signos disgranulopoyesis y dismegacariopoyesis. 44,70-72
Otra de las posibles dificultades podria estar relacionada con que el criterio del 10%
para considerar una linea como displasica estd muy préximo a los valores de displasia
observados en personas sanas y considerados fisioldgicos. Esto podria afectar sobre
todo a la serie megacariocitica donde se evaldan un nimero menor de elementos
(p.ej: si se valoran 30 elementos, encontrar Unicamente 3 dismdrficos ya implicaria la
presencia de displasia significativa). Algunos autores sugieren elevar este umbral o
establecer umbrales diferentes para cada una de las lineas mieloides.”” En nuestro
trabajo se analizé la concordancia interobservador elevando el punto de corte al 40%.
Observamos que el acuerdo mejoraba en la linea megacariocitica y en la granulocitica,
pero no en la linea eritroide. Estos resultados concuerdan con los de Matsuda™® vy
Germing48 que propusieron cambiar el umbral del 10 al 40%. Todos los estudios en
este sentido coinciden en que para la correcta evaluacion de los rasgos de displasia se
requiere un material con buena calidad técnica y profesionales experimentados.69

El presente trabajo, aunque realizado en un numero limitado de pacientes, fue el
primero en analizar la concordancia interobservador al aplicar los criterios
morfolégicos de la clasificacion OMS 2008. Se observé un grado de acuerdo moderado
a la hora de establecer el subtipo OMS. Las principales discrepancias estaban
relacionadas con la distinciéon entre displasia unilinea y multilinea. La concordancia
también fue menor en aquellos pacientes con cifras de blastos cercanas a los umbrales
que definen los grupos. Resultados similares habian sido observados por Howe y
189

colaboradores al estudiar la clasificacion OMS 2001.

En la revision de la clasificacién OMS 2016 ha sido referenciado este trabajo.’
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SEGUNDO TRABAJO

En este estudio se analizaron las caracteristicas clinico-patoldgicas de 465 pacientes
con SMD con incremento de eritropoyesis (cifra de eritroblastos igual o superior al
50%), la serie mds amplia de este grupo de SMD publicada hasta el momento.
Asimismo se estudiaron 3227 pacientes con menos de 50% de eritroblastos
diagnosticados en el mismo periodo, analizados como grupo control.
Aproximadamente un 15% de los SMD presenta incremento de la serie eritroide,
aunque no constituyen un subtipo individualizado dentro de la clasificacion OMS 2008
ya que presentan caracteristicas clinicas y citogenéticas similares el resto de
SMD.***! En nuestra serie, aunque la media del porcentaje de blastos en los
pacientes con SMD con <50% de eritroblastos fue significativamente mayor que en los
SMD-E, no se observaron diferencias en SG entre ambos grupos de pacientes. Esto
resulta llamativo ya que son numerosos los estudios que demuestran el importe peso
prondstico del porcentaje de blastos en MO en los SMD. %943

En el capitulo de la clasificacion de la OMS 2008 en la que se explican y argumentan los
cambios incluidos en dicha clasificacidn, se expone la falta de consenso que se produjo
entre los miembros del comité sobre el mejor método para enumerar los blastos de
médula ésea en los pacientes con SMD e incremento de la serie eritroide, sobre la
totalidad celular o sobre la celularidad no eritroide. Finalmente recomendaron realizar
un recuento de la celularidad no eritroide, si en éste el nimero de blastos era >20% se
debia establecer el diagndstico de LA eritroide/mieloide o eritroleucemia, y si era
<20% se debia establecer el diagndstico de SMD. En esta ultima circunstancia,
recomendaban considerar la cifra de blastos resultante del recuento de la TC para
establecer el subtipo de SMD." En el presente estudio evaluamos el impacto de ambos
métodos en la clasificacion y evaluacion prondstica de los SMD, en primer lugar, en los
pacientes con SMD-E, y a continuacidn, en toda la serie.

Al realizar el recuento de blastos de la CNE, aproximadamente una quinta parte de los
pacientes con SMD-E clasificados en categorias con <5% de blastos de la TC, fueron
reclasificados en categorias con exceso de blastos. La SG de estos pacientes que
cambiaron a categorias de mas alto riesgo fue significativamente inferior a la de los
pacientes que no cambiaron de categoria y a la de los pacientes en categorias con <5%

de blastos del grupo control. Cabe destacar que siguiendo la recomendacién de la OMS
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2008, es decir contar los blastos de la TC, el diagndstico de AREB-2 en pacientes con
SMD-E es practicamente imposible, quedando limitado a los infrecuentes casos con 5-
<20% blastos en SP o con bastones de Auer, ya que los pacientes con SMD-E con 210%
blastos en MO presentan invariablemente >20% blastos de la CNE, y por tanto,
cumplen criterios de eritroleucemia. Sin embargo, al enumerar los blastos de la CNE,
72 pacientes con SMD-E (12 previamente diagnosticados dentro en categorias con
menos de 5% de blastos y los 60 pacientes con AREB-1) fueron reclasificados como
AREB-2, presentando una SG inferior a la de los pacientes con AREB-1 del grupo
control. Estos resultados sugieren que contar los blastos de la TC en los pacientes con
SMD-E infraestima su riesgo, catalogdndolos de forma incorrecta. Estos resultados,
derivados de una amplia serie, estan en consonancia con los datos publicados por
Wang y colaboradores en su estudio de 74 pacientes con SMD-E.'*?

En nuestra serie, la media de eritroblastos en MO fue de 58% en pacientes con SMD-E
frente al 30% en los pacientes del grupo control. Por tanto, contar los blastos de la CNE
Unicamente en los pacientes con SMD-E podria subestimar el peso real de los blastos
en el grupo de pacientes sin incremento de serie eritroide. Por este motivo, decidimos
realizar el mismo analisis en toda la serie. Las categorias generadas con este nuevo
modelo presentaban supervivencias diferentes. Un 12% de pacientes clasificados en
categorias con menos de 5% de blastos de la TC, fueron reclasificados en categorias de
mayor riesgo al contarlos de la CNE, presentando una SG menor que los pacientes que
permanecieron en las categorias iniciales. En 2011, Germing y colaboradores
comunicaron los datos de cémo cambiaban de categoria OMS los pacientes del

193 En

registro de SMD de Disseldorf al determinar el porcentaje de blastos de la CNE.
dicho trabajo no se hicieron andlisis de supervivencia.

En nuestro trabajo no observamos diferencias en la SG de los pacientes sin incremento
de serie eritroide con mas de 20% blastos de la CNE y un grupo de pacientes con
eritroleucemia incluidos en el registro del GEMSD. Este hecho refuerza la idea
defendida en varios estudios, entre ellos uno de nuestro grupo (en Anexos), de que la

194-1
6366,194-19%6 £ phase a esta

eritroleucemia esta en el espectro clinico de los SMD.
relacion, la revisién de la OMS 2016 elimina la categoria de LAM mieloeritroide o
eritroleucemia y el recuento de blastos de la CNE en todas las circunstancias. Con esto,

los casos previamente diagnosticados de eritroleucemia (>50% eritroblastos, <20%
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blastos de la celularidad total, 220% blastos de la celularidad no eritroide) quedaran
clasificados como SMD, mayoritariamente SMD con exceso de blastos. Nuestros
resultados, basados en la serie mds amplia de pacientes con SMD-E publicada hasta la
fecha, si bien apoyan la relacién entre los SMD vy la eritroleucemia, no avalan la
eliminacidon del recuento de la CNE. En nuestra opinién, la desaparicién de la
eritroleucemia como categoria es inadecuada y probablemente deberia constituir una
categoria individualizada dentro de los SMD.

Al aplicar la recomendacion de la clasificacion OMS 2008 de contar los blastos de la TC,
no es posible catalogar ningun paciente con SMD-E en el grupo de alto riesgo del IPSS,
ya que los pacientes con 10% o mas blastos en MO cumplen criterios de eritroleucemia
y por tanto no evaluables con este indice. Al aplicar el IPSS contando los blastos de la
CNE se generaron 4 grupos de pacientes con diferencias en SG. Aproximadamente un
9% de pacientes previamente clasificados en las categorias de mas bajo riesgo fueron
reclasificados en categorias de mayor riesgo, mostrando una SG inferior a 30 meses.
Estos resultados estan en linea con la propuesta del GESMD, que considera pacientes
de alto riesgo aquellos con una mediana de SG estimada inferior a 30 meses.***?’

Este trabajo ha sido complementado por otro estudio publicado por nuestro grupo (en
Anexos), en el que se demuestra que contar los blastos de la CNE permite una mejor
estratificacion del riesgo de los pacientes con SMD (con y sin incremento de serie
eritroide) también en el contexto del IPSS-R.'*® Aplicando este sencillo método
detectamos un grupo de pacientes etiquetados de bajo riesgo segln la recomendacién
actual de la OMS 2008, pero que presentaban una evolucién clinica mucho mas
cercana a la de los pacientes de alto riesgo. Ademas, nuestro enfoque permitid una
mejor distribucién de los pacientes incluidos en la categoria de riesgo intermedio del
IPSS-R. Al contar los blastos de la CNE un 24% de pacientes de este grupo fueron
reclasificados en las categorias de riesgo alto o muy alto, presentando una menor SG y
un menor tiempo hasta la transformacion leucémica. Con el método propuesto, la
mediana de supervivencia de los pacientes finalmente catalogados en la categoria de
riesgo intermedio es mas cercana a las de los pacientes de bajo riesgo, lo cual puede
tener implicaciones clinicas. Resultados similares han sido comunicados por Yu et al en

una serie de 346 pacientes con SMD-E.***
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En una publicacién reciente Bennett et al no encontraron ventajas en la aplicacién del
recuento de blastos sobre la CNE en el contexto de la clasificacion OMS y el IPSS-R.2%°
En nuestra opinidn dicho trabajo tiene ciertas limitaciones. Por un lado, aunque el
estudio se llevd en un amplio nimero de pacientes del registro de SMD de Dusseldorf
(N=1448), no se disponia de la informacién citogenética de una gran mayoria de ellos.
En estos se asumid un cariotipo normal. Dado que entre el 30 y el 50% de los pacientes

III

con SMD presenta un cariotipo alterado, la asuncién de “cariotipo normal” en los
pacientes sin informacién citogenética introduce un sesgo metodolégico. Por otro
lado, la conclusién de que el nuevo método no aportaba ventajas respecto al cldsico,
se basé fundamentalmente en que no encontraron diferencias en términos del
estadistico Dxy. Este test estadistico, también denominado Somer’s Dxy rank
correlation, es un método de concordancia (junto a otros como el C- indice o el CPE)
utilizado para evaluar el poder discriminatorio y la precisién predictiva de modelos
estadisticos.”® Las caracteristicas clinicas inherentes a los pacientes con SMD (edad
avanzada, frecuente comorbilidad...) hacen que los métodos de concordancia
probablemente no sean adecuados para establecer la idoneidad de un indice
prondstico, ya que resulta muy dificil establecer si el SMD es la verdadera causa de la
muerte, especialmente en los pacientes de bajo riesgo. Por ejemplo, podria
interpretarse como un error del método de prediccidn un paciente de 87 afios
diagnosticado de SMD con IPSS-R de bajo riesgo que fallece al afio del diagndstico
debido a un accidente cerebrovascular. Por esta razon, los resultados derivados de los
métodos de concordancia en MDS, aunque resultan utiles, deben ser interpretados
con cautela dentro del contexto clinico.

Nuestro estudio demuestra que enumerar los blastos de la celularidad no eritroide
mejora la evaluacion prondstica de todos los SMD, con y sin incremento de la serie
eritroide. En este momento nuestro grupo estd liderando un estudio dentro del IWG

para validar estos resultados en una serie mas amplia de pacientes.
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TERCER TRABAJO

Desde los afios 60 la técnica de citogenética convencional se ha considerado la técnica
gold-standard para el estudio de las neoplasias hematoldgicas, especialmente en los
SMD, donde tiene un importante valor diagnéstico y prondstico. Entre el 30 y el 50%

de los pacientes con SMD presenta un cariotipo alterado.””®

Sin embargo, en un
porcentaje no despreciable de pacientes el estudio citogenético convencional resulta
no valorable por la obtencién de un numero insuficiente de metafases analizables.
Dado que el cariotipo es una de las variables con mayor peso en los indices prondsticos
mas utilizados, estos pacientes carecen de una informacién fundamental en su
evaluacién prondstica. Es dificil establecer la incidencia real del fracaso del estudio
citogenético ya que es altamente variable entre los centros, pero se ha estimado en

torno a un 6-20%.%°%

En el afio 2009, el GESMD vy el grupo germano-austriaco,
estudiaron las caracteristicas clinicas y la evolucion de 247 pacientes con SMD con
estudio citogenético fallido y las compararon con una serie de 2418 pacientes con
cultivo citogenético valorable. Encontraron que la mediana de SG de los pacientes “sin
mitosis” fue comparable a la del grupo intermedio de riesgo citogenético del IPSS,
sugiriendo que la no obtencién de metafases tendria un valor prondstico
independiente.®® Probablemente, los pacientes en los que falla el cultivo citogenético
no constituyen un grupo homogéneo ya que las causas por las que el cultivo fracasa
son variables, pudiendo deberse tanto a caracteristicas intrinsecas de la enfermedad
como a problemas técnicos (muestra insuficiente, cultivo en centro de referencia
muchas horas después de la extraccion de la muestra, etc).

En los ultimos afios se han desarrollados técnicas gendmicas que permiten la deteccidn
de alteraciones en base al estudio del numero de copias del ADN, como son los arrays
de CGH y de SNP. Estas técnicas han demostrado ser técnicas complementarias a la
citogenética convencional y al FISH en diversas hemopatias, entre ellas los SMD.**’2%
Pueden resultar de gran utilidad en situaciones en las que el cultivo citogenético no es
valorable, ya que no requieren cultivo celular sino una pequefia cantidad de ADN que
se puede obtener facilmente incluso en muestras hipocelulares.

La técnica de SNP arrays permite la evaluacion del genoma completo y ha demostrado

una gran resolucion para la deteccion de CNA y CN-LOH. Una posible desventaja es que
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no permite la deteccion de alteraciones cromosdmicas balanceadas, sin embargo, esto
no supondria un problema importante en los SMD ya que son alteraciones muy poco
frecuentes en esta enfermedad.’”?% Otra posible limitacion seria una baja
sensibilidad, estimada en torno al 20% para las pérdidas de cromosomas, con lo cual
no permitiria la deteccién de clones minoritarios.'®” La técnica de FISH tiene una mayor
sensibilidad, permitiendo la deteccién de alteraciones que afectan a un escaso numero
de células en una muestra, pero su utilidad esta limitada a la detecciéon de las
alteraciones para las que se aplica la sonda.®*!*3

La utilidad clinica de los SNP arrays en los SMD ya habia sido evaluada por otros

155-157,202,206 1y embargo hasta la publicacidn de este trabajo, ningun estudio

autores,
habia evaluado su utilidad concreta en SMD en los que no se habia obtenido cultivo
citogenético. En nuestro trabajo se demuestra la utilidad de la aplicacién de SNP arrays
para la deteccion de alteraciones cromosdmicas clonales en este subgrupo de
pacientes. Con esta técnica observamos la presencia de alteraciones en el 50% de los
pacientes de la serie. Se observaron alteraciones tanto en muestras de MO como de
SP, sin diferencias entre la proporcién ni el tipo de alteraciones observadas en ambas
fuentes de ADN. Esto esta en linea con lo publicado por Mohamedali y colaboradores
gue observaron una buena correlacién en la deteccién de alteraciones mediante SNP
arrays en muestras de MO y SP de SMD.%”’

En nuestro estudio observamos alteraciones en 31 de los 62 pacientes, algunas de las
alteraciones frecuentemente observadas en SMD como del(5q), alteraciones en el
cromosoma 7 (-7/79-) y trisomia 8, con incidencia similar a la descrita mediante

1.%77 Asimismo, observamos alteraciones de gran tamafio

citogenética convenciona
que afectaban a los cromosomas 1, 12 y 13. Estas alteraciones son somaticas y habian
sido descritas previamente mediante citogenética convencional en patologia

mieloide.’®””

Todas estas alteraciones habrian podido ser diagnosticadas también
mediante FISH, pero habria sido necesario aplicar una amplia bateria de sondas. En
estas circunstancias la técnica de SNP arrays presentaria una relacién coste/eficacia
mayor. En uno de los pacientes estudiados, se observd la presencia de del(5q)
mediante FISH pero no por SNP arrays. Esta discrepancia podria ser explicada por la
baja carga tumoral del paciente, ya que sdlo el 21% de los nucleos analizados por FISH

presentaba la alteracion, cifra muy cercana a la sensibilidad de la técnica de arrays.
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En nuestra serie, la deteccion de CNA mediante SNP arrays tiene relevancia clinica ya
que se asocio a una peor SG. El papel complementario de los SNP arrays a las técnicas
de citogenética convencional para definir pacientes con alto riesgo citogenético ya

habia sido validado.?”’

En nuestro estudio, al no disponer de cariotipo, se empled el
resultado de los arrays como sustitutos del estudio citogenético convencional para
establecer el grupo de riesgo citogenético del IPSS. Al calcular el IPSS para toda la
cohorte, observamos que los pacientes clasificados en las categorias de riesgo
bajo/intermedio-1 presentaban una mejor SG que los pacientes clasificados en las
categorias de riesgo intermedio-2/alto. Se observaron resultados similares al calcular
el IPSS-R.

Una de las ventajas que aporta la técnica de SNP arrays es la deteccion de CN-LOH, una
alteracién frecuente en hemopatias y presente hasta en un 20% de los SMD.?%%?% g
hallazgo recurrente de determinadas CN-LOH ha permitido la identificacion de
segmentos que contienen mutaciones, tales como EZH2, CBL, TET2 y TP53.%2219215 gy,
el presente trabajo, 10 de los 62 pacientes presentaban CN-LOH, que por su tamano y
localizacion fueron consideradas somaticas. Algunas de estas alteraciones se
encontraban localizadas en regiones que contienen genes importantes en la patogenia
de los SMD. Son necesarios estudios mas amplios para determinar si la presencia de
CN-LOH puede tener utilidad en la evaluacidn prondstica de los pacientes con SMD.

En base a estos resultados, las guias espafiolas para el diagndstico y tratamiento de los
SMD referencian nuestro trabajo en su recomendacion de aplicar la técnica de SNP

arrays en aquellos pacientes en los que no se dispone de cultivo citogenético

valorable.®®
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Conclusiones

1. El estudio de reproducibilidad de la clasificacion OMS 2008 muestra que:

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

1.7.

El grado de acuerdo entre observadores para establecer el subtipo OMS 2008
es moderado.

La concordancia entre observadores para establecer el porcentaje de blastos
de médula 6sea es bajo en aquellos pacientes con SMD con cifras de blastos
cercanas a los umbrales que definen los subtipos.

El grado de acuerdo interobservador para el porcentaje de blastos de sangre
periférica es débil.

Para una correcta evaluacién de los rasgos de displasia se requiere un material
con buena calidad técnica y profesionales experimentados.

El grado de acuerdo entre observadores en la evaluacion de los rasgos de
dismegacariopoyesis y disgranulopoyesis es moderado, pero es pobre para la
displasia de la serie eritroide.

Elevar el umbral del 10% al 40% para considerar una linea como displasica
mejora el grado de acuerdo en la linea megacariocitica y en la granulocitica,

pero no en la eritroide.

Es necesaria una mejor definicidn de los signos de displasia.

2. En el estudio de los SMD con incremento de la serie eritroide observamos que:

2.1.

2.2.

2.3.

Aproximadamente un 15% de los SMD presenta incremento de la serie
eritroide. Estos presentan caracteristicas citogenéticas y clinicas similares al
resto de SMD.

Contar los blastos de médula dsea de la celularidad no eritroide, en lugar de en
la totalidad celular, mejora la evaluacién prondstica de los SMD con
incremento de serie eritroide (=50% eritroblastos) tanto al aplicar la
clasificacién OMS 2008 como el IPSS.

Contar los blastos de médula dsea de la celularidad no eritroide, en lugar de en

la totalidad celular, mejora la evaluacién prondstica de todos los SMD al
aplicar la clasificacion OMS 2008 y el IPSS.
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3. El estudio de SNP arrays en SMD en los que no se obtuvieron metafases en el
estudio citogenético convencional muestra que:

118

3.1.

3.2.

3.3.

3.4.

3.5.

La aplicacion de arrays de SNP en estos pacientes permitido la deteccion
alteraciones en un 50% de los mismos. Esto supone una importante
herramienta diagnéstica.

Los arrays de SNP pueden aplicarse con éxito tanto en muestras de médula
6sea como de sangre periférica en pacientes con SMD. No se observan
diferencias en el nimero y tipo de alteraciones detectadas mediante SNP
arrays en muestras de médula dsea y sangre periférica.

La deteccidon de CNA mediante SNP arrays se asocia a una peor supervivencia
global en nuestra serie.

Los resultados de CNA obtenidos mediante SNP arrays pueden ser empleados
para establecer el grupo de riesgo citogenético del IPSS e IPSS-R en los
pacientes en los que no se dispone de un cultivo citogenético convencional.

Las CN-LOH son alteraciones frecuentes en los SMD. Su valor prondstico debe
ser evaluado en series mas amplias.
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Reply to M.A. Lichtman

Lichtman' provides valuable comments regarding our recent
paper” about the utility of enumerating blasts from nonerytroid
cellularity for prognostic assessment in patients who have been
diagnosed with myelodysplastic syndromes (MDS). As Lichtman
notes, the term erythroid hyperplasia describes the increase in the
proportion of erythroblasts, although it would be erroneous for
describing a cellular increase attributable to neoplasia. As well as our
group, several other authors with extensive experience in the study
of myeloid neoplasms used this terminology.”” After reading the
correspondence by Lichtman,' we agree that the term is not entirely
correct and, likely, use of other expressions, such as MDS with
erythroid predominance, MDS with expanded erythropoiesis, or
MDS with marked erythroid proliferation, would be more adequate.

In agreement with another issue on which Lichtman com-
ments, our group has recently published an article® in which
we exposed some concerns about the disappearance of eryth-
roleukemia (erythroid/myeloid), as recently proposed by the WHO
committee on myeloid neoplasms.” In the new classification, the
nonerythroid blast cell count rule has been eliminated and patients
who fulfill erythroleukemia criteria will be classified into a suitable
MDS category on the basis of their blast cell count from total
nucleated cells. With this recommendation, most erythroleukemias
will be considered MDS with excess blasts 2. As recently shown by
our group and others, erythroleukemia shares biologic features
and outcomes with myelodysplastic syndromes with excess
blasts,™" although we did not find differences in outcome be-
tween the uncommon low-blast count erythroleukemias, with
5% to 10% bone marrow blasts from total nucleated cells (future
MDS with excess blasts 1), and remaining erythroleukemias
(future MDS with excess blasts 2). On the basis of this finding, the
best approach could be to consider erytroleukemia as a high-risk
myelodysplastic syndrome to avoid underestimation of these
cases with a higher percentage of bone marrow erythroblasts and
a lower bone marrow blast count.
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1 | INTRODUCTION

A proper prognostic stratification of patients diagnosed with myelodys-
plastic syndrome (MDS) is of major clinical relevance, since the choice of
treatment is risk-adapted. The correct enumeration of blasts is essential in
the diagnostic and prognostic evaluation of MDS. Proportion of bone
marrow (BM) blasts has been demonstrated as an independent prognostic
factor in MDS and is included in the most widely used prognostic scores:
the International Prognostic Scoring System (IPSS) and the revised IPSS
(IPSS-R).*? The IPSS-R has been recognized as the score with the best
prognostic capability in MDS,2™* but some concerns exist about the real
prognostic significance of the intermediate risk category.? Patients classi-
fied into this group showed an outcome closer to the expected in higher-
risk MDS patients, presenting a median overall survival (OS) around 30
months in different studies.?¢ In this regard, the Spanish Group of Myelo-
dysplastic Syndromes (GESMD) considers as higher-risk patients those
with an expected median OS inferior to 30 months.”®

In MDS with erythroid predominance (MDS-E), that are defined by
the presence of equal or greater than 50% erythroblasts in BM, there
was no consensus on the best method for enumerating BM blasts—
from total nucleated cells (TNCs) or from nonerythroid cellularity
(NECs). Despite the lack of agreement, WHO 2008 recommendation
was to consider blasts from TNCs once the diagnosis of erythroleuke-
mia (presence of equal or greater than 20% BM blasts from NECs) was
ruled out.® In the 2016 revision to the WHO classification of myeloid
neoplasms, the nonerythroid blast cell count rule was eliminated.*®
Despite this recommendation, as shown in our recent study by Arenillas

etal,*

considering BM blasts from NECs improves the prognostic eval-
uation of MDS when applying IPSS and WHO classification, not only in
patients with MDS-E but also in all patients with MDS. Some controver-
sies have been generated about the convenience of applying this
method, as this would imply an important change in the global paradigm
of prognostication in MDS. In this regard, in a recent publication, Ben-
nett et al did not found any advantage on applying this new approach
even when this was assessed in the context of IPSS-R.12 After the publi-
cation of these works showing contradictory findings, MDS experts
claim for an unequivocal criterion in the way of counting BM blasts, as
it is crucial for giving the best risk-adapted therapeutic option to
patients diagnosed with MDS.*2 Due to this controversial data, evaluat-
ing the appropriateness of calculating IPSS-R by considering BM blasts
from NECs is imperative. Currently, our group has complete information
of the IPSS-R distribution on 3924 MDS patients. Our main aim was to
evaluate whether considering BM blasts from NECs rather than from
TNCs, as currently recommended, improves outcome prediction in
MDS also in the context of IPSS-R, focusing on prognostication of
patients classified into the intermediate risk category.

2 | PATIENTS AND METHODS

2.1 | Patients

At the completion of this report, the database of GESMD contained

complete cytomorphologic, clinical, and follow-up information on 3924

patients diagnosed with de novo MDS according to 2008 WHO criteria,
498 of whom were MDS with erythroid predominance (MDS-E).
Patients with secondary MDS, chronic myelomonocytic leukemia, acute
erythroid leukemia (erythroid-myeloid type and pure erythroid leuke-
mia), or unclassified myelodysplastyc/myeloproliferative neoplasms
were excluded. Those patients diagnosed initially by French-Ameri-

can-British classification criteria,**1”

were reclassified according to
the WHO proposals,” based on morphological, laboratory, and cytoge-
netic data. Information about percentage of BM blasts from TNCs and
BM erythroblasts was available in all patients. Further, the BM blast
percentage from NECs was calculated as follows: [%BM blasts from
TNCs/(100—%BM erythroblasts)] X 100. This study was conducted
according to the Declaration of Helsinki and was approved by the ethi-
cal committee of GESMD. Patient characteristics are summarized in
Table 1.

2.2 | Morphological studies

At least, two bone marrow and one peripheral blood May-Griinwald-
Giemsa-stained smears were used for conducting the morphologic
analysis at the individual centers. In addition, a Prussian blue-stained
bone marrow smear was used for assessing the percentage of ring side-
roblasts. The WHO 2008 proposals for evaluating the morphological
diagnosis of myelodysplastic syndrome were followed strictly. As rec-
ommended, peripheral blood and bone marrow differential counts
were performed on at least 200 and 500 cells, respectively. Bone mar-
row blast counts were assessed from total bone marrow nucleated
cells. Following the 2008 WHO recommendations, the threshold used
for considering a myeloid cell line as dysplastic was the presence of
>10% abnormal cells in the corresponding myeloid lineage. For the
evaluation of dysplasia, at least 200 neutrophils, 200 erythroblasts, and
30 megakaryocytes were assessed in bone marrow. Multilineage dys-
plasia was defined by dysplasia involving two or more lineages. As cur-
rently recommended by the Spanish Guidelines for the diagnosis and
treatment of myelodysplastic syndromes and chronic myelomonocytic
leukemia, bone marrow biopsy was conducted only in those cases
where fibrosis, hypoplastic myelodysplastic syndromes, or idiophatic

cytopenias of undetermined significance were suspected.

2.3 | Statistical methods

Categorical variables were described by frequencies and percentages;
and continuous variables by medians and ranges. Comparison of pro-
portions was performed by using chi-square. Survival curves were con-
structed by using the Kaplan-Meier method from the interval from
diagnosis to last contact or death (overall survival [OS]) or progression
to acute myeloid leukemia (time to AML) and compared using the log-
rank test. Univariate and multivariate analysis were performed using
Cox’s proportional hazards model to estimate the hazard ratio (HR)
with the lowest risk groups as the reference groups. Differences were
considered statistically significant when P values were <.05 in a two-
tailed test. Maximally Selected Rank Statistics (Maxstat) method*® was

used to determine the cutoff point of the IPSS-R with best capability



CALVO kT AL

WILEY "

TABLE 1 Main demographic, clinical, and biological characteristics
at diagnosis of 3924 patients with de novo MDS

Characteristics N = 3924
Age, median (range), years 75.3 (16-101)
<65 years, n (%) 764 (19.5)
>65 years, n (%) 3160 (80.5)
Male gender, n (%) 2306 (58.8)
Hemoglobin, median (range), g/L 10 (2.9-16.5)

Neutrophil count, median (range), x10°/L 2.1 (0.01-13.8)

<0.5 X 10%/L, n (%) 261 (6.7)
>0.5 X 10%/L, n (%) 3663 (93.3)
Platelet count, median (range), x 10°/L 157 (1-1161)
<30 x 10%/L, n (%) 188 (4.8)
>30 x 10%/L, n (%) 3736 (95.2)

WHO categories, n (%)
RCUD 405 (10.3)
RARS 585 (14.9)
RCMD 1608 (41)
RAEB1 580 (14.8)
RAEB2 493 (12.6)
MDS-U 38 (1)
del(5q) 215 (5.5)
Erythroblasts %, median, (range) 33.4 (3.2-79)
MDS with >50% BM erythroblasts, n (%) 498 (12.7)
MDS with <50% BM erythroblasts, n (%) 3426 (87.3)
% Dyserythropoiesis, median (range) 30 (0-100)
% Dysgranulopoiesis, median (range), 30 (0-100)
% Dysthrombopoiesis, median (range) 20 (0-100)
% BM blasts from TNCs, median, (range) 2 (0-19)
% BM blasts from NECs, median (range) 3.13 (0-34.7)
LDH serum level u/L, median (range), 320 (0-4502)
Karyotype, abnormal (%) 1319 (33.6)
IPSS cytogenetic group, n (%)
Low 3129 (79.7)
Intermediate 460 (11.7)
High 327 (8.3)
IPSS-R cytogenetic group, n (%)
Very Low 165 (4.2)
Low 3021 (77)
Intermediate 420 (10.7)
Poor 124 (3.2)
Very Poor 194 (4.9)
Treatments, n (%)
Azacitidine 605 (15.4)
AML-like chemotherapy 182 (4.6)
Allo-SCT 127 (3.2)
AML-like chemotherapy and/or Allo-SCT 255 (6.5)
At least one of these treatments 764 (19)

Abbreviations: Allo-SCT: allogeneic stem cell transplantation; ; AML:
acute myeloid leukemia; BM: bone marrow; del (5q): MDS with isolated
del(5q); IPSS: International Prognostic Scoring System; IPSS-R: revised
IPSS; LDH: lactate dehydrogenase; MDS: myelodysplastic syndromes;
MDS-U:unclassifiable MDS; RAEB1: refractory anemia with excess blasts
1; NECs: non-erythroid cells; RAEB-2: refractory anemia with excess
blasts 2; RARS: refractory anemia with ring sideroblasts; RCMD: refrac-
tory cytopenia with multilineage dysplasia; RCUD: refractory cytopenia
with unilineage dysplasia; TNCs: total nucleated cells.

to significantly split our series into two groups with different OS and
time to AML evolution. Finally, the concordance probability estimate
(CPE) including ties was used to evaluate the discriminatory power and
the predictive accuracy of IPSS and IPSS-R considering blasts from
TNCs and from NECs (recoded IPSS and recoded IPSS-R) in terms of
survival and time to AML transformation. The concordance probability
estimate represents the pairwise probability of lower patient risk given
longer survival time. This method is less biased than other C-statistics
for censored data when a low even rate is present and has been vali-
dated for indexes with a discrete number of risk groups.?”2° Statistical
analyses were performed using the statistical package for the social sci-
ences (SPSS) software version 22.0 (SPSS Inc., Chicago, IL, USA) and
the open source software R version 3.3.1.

3 | RESULTS

Median age at diagnosis was 75 years (16-101), 59% were males. Esti-
mated median follow-up calculated by reverse Kaplan-Meier method?*
was 46.5 months (95% Cl, 43.9-49) and median OS was 56.97 months.

We assessed outcome predicted by IPSS-R considering BM blasts
from TNCs and from NECs (recoded IPSS-R). Five groups with signifi-
cant differences in OS and time to AML progression were observed by
using both methods (Figure 1, Table 2). Remarkably, estimated median
OS of patients classified into the intermediate risk group improved
from 32.3 to 40.4 months by considering blasts from NECs instead of
TNCs, whereas patients classified in high and very high risk categories
showed almost the same outcome, even though the number of patients
classified in these categories was increased in 25.7%. Therefore, by
using this easy-applicable approach, lower-risk patients, including those
classified into the intermediate risk category, show longer survivals
than previously whereas higher-risk patients maintained the outcomes
expected in this poor prognostic group, presenting an estimated
median OS inferior to 20 months.

One hundred sixty-four out of 3286 patients (5%) classified into
lower-risk IPSS-R categories (very low, low, intermediate) were reclassi-
fied into higher-risk categories (high, very high) when blasts were
enumerated from NECs. OS and time to AML evolution of these
upgraded patients was significantly shorter to those observed in
patients who remained in the initial categories (median OS, 28.2 vs.
71.7 months, P<.001; median time to AML evolution, 63 vs. not
reached (NR) months, P <.001) (Supporting Information Figure S1). As
expected, the majority of the upgraded patients belonged to the inter-
mediate risk category. Then, restricting the analysis to the IPSS-R inter-
mediate risk group, 158 out of 657 patients (24%) were upgraded into
higher-risk categories (high, very high) and showed a significantly
shorter OS and time to AML transformation (median OS, 24.0 vs. 34.3
months, P=.012; median time to AML evolution, 56.8 vs. 164.7
months, P=.005). In the same line, the percentage of patients dying
with leukemia was significantly higher in those intermediate patients
who were upgraded into higher-risk categories when BM blasts were
considered from NECs when compared to those that remained in the
intermediate risk category: 42 died with AML/103 died (40.8%) vs. 82
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IPSS-R considering BM blasts from TNCs:
Very Low (N=1055): median OS 104 months
Low (N=1574): median OS 66 months
Intermediate (N=657): median OS 32.3 months
High (N=360): median OS 17.4 months

Very High (N=278): median OS 9 months
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IPSS-R considering BM blasts from NECs:
Very Low (N=749): median OS 104 months
Low (N=1567): median OS 73.9 months
Intermediate (N=806): median OS 40.4 months
High (N=447): median OS 19.2 months
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FIGURE 1 Overall survival (OS) by Kaplan-Meier analysis of
patients with myelodysplastic syndromes (MDS) according to the
Revised International Prognostic Scoring System (IPSS-R). (A) OS
by IPSS-R risk groups enumerating blasts from total bone marrow
cellularity. (B) OS by IPSS-R risk groups enumerating blasts from
nonerythroid cells. OS was compared with two-sided log-rank test
[Color figure can be viewed at wileyonlinelibrary.com]

died with AML/275 died (29.8%); P=.043. By using our approach
instead of the currently recommended, the lower-risk categories, espe-
cially those patients classified into the recoded intermediate risk cate-
gory, showed an inferior percentage of patients dying with AML,
whereas the higher-risk categories showed a superior percentage of
patients dying with leukemia than previously (Supporting Information
Table S1). This finding reinforces the suitability of our method for
detecting MDS patients with a higher propensity to develop AML. This
is a nontrivial finding as AML transformation is closely related with dis-
ease evolution while survival could be influenced by several factors in
this elderly population. Thus, by considering blasts from NECs we were
able to detect a group of patients labeled at present as having lower-
risk disease but who presented an outcome much closer to that of
higher-risk patients. The worse outcome observed in these reclassified
patients was mainly influenced by the difference in the weight of blasts
when assessed from NECs, as other prognostic factors that could

explain this difference in outcome, as cytogenetics and depth of cyto-
penias, were adjusted by using IPSS-R.

Afterwards, IPSS and IPSS-R risk predictive accuracy for survival
and time to AML evolution when considering blasts from TNCs or
from NECs were evaluated. Interestingly, by using the CPE, the
recoded scores showed higher values than their pairs calculated from
TNCs (CPE, OS: 0.662 vs. 0.659 vs. 0.639 vs. 0.636; CPE, time to AML:
0.712 vs. 0.703 vs. 0.698 vs. 0.687; CPE values for recoded IPSS-R vs.
IPSS-R vs. recoded IPSS vs. IPSS, respectively).

The weight of BM blasts into the new Cox model for OS (recoded
IPSS-R) was similar to that observed in the original IPSS-R. The lowest
category of each variable of the model was used as the reference
group. The hazard ratio (HR) of every IPSS-R BM blast category was
assessed taking the <2% BM blast category as reference (>2-<5%:
1.29, 5-10%: 1.71, >10%: 2.34, for the IPSS-R; >2-<5%: 1.12, 5-10%:
1.43, >10%: 2.08, for the recoded IPSS-R). For this reason, the estab-
lished score for the different IPSS-R BM blast cutpoints was main-
tained for calculating the recoded IPSS-R.

In a recent publication, Pfeilstocker et al suggested a reasonable
division into lower- and higher-risk MDS based on the IPSS-R at a cut-
off of 3.5 points.® Interestingly, by applying the Maxstat,*® 3.5 points
of the IPSS-R was also detected as the cutoff with the best capability
to significantly split our series into two groups with different OS and
time to AML evolution. By this approach, the majority of patients clas-
sified into the intermediate risk category were considered as higher-
risk patients. Dichotomizing our patients by considering the cutoff of
3.5 points (IPSS-R> 3.5 points) by calculating blasts from TNCs or
from NECs, permitted to segregate two groups with significant differ-
ent OS (median OS, 76 vs. 17 months, P <.001; median OS, 79.1 vs.
21 months, P<.001; from TNCs and from NECs respectively). The
strength of this model was assessed again by applying the CPE. Inter-
estingly, considering blasts from NECs permitted a better risk predic-
tion accuracy of higher-risk patients in terms of OS and, especially, in
time to AML evolution as shown by their higher CPE values in both
outcomes (CPE, OS: 0.611 vs. 0.617; CPE, time to AML: 0.652 vs.
0.671; CPE considering BM blasts from TNCs vs. NECs, respectively).

Finally, we assessed the suitability of our approach restricting the
analysis to 498 MDS with >50% BM erythroblasts (MDS-E) from our
series, the largest cohort of MDS-E to date. Following 2008 WHO clas-
sification, MDS-E patients were diagnosed with: RCUD (n =40, 8%),
RARS (n=145, 29.1%), RCMD (n=228, 45.8%), isolated del(5q)
(n=15, 3%), MDS-U (n = 6, 1.2%), RAEB-1 (n = 62, 12.5%), and RAEB-
2 (n=2,0.4%). Of note, as a flaw of 2008 WHO classification, RAEB-2
diagnosis is extremely rare in MDS-E, since patients with the minimum
BM blast percentage to meet diagnosis criteria for RAEB-2 (>10% BM
blasts from TNCs) having >50% BM erythroblasts would present
always at least 20% BM blasts from NECs, fulfilling erythroleukemia
criteria. The uncommon situation where RAEB-2 diagnosis could be
established in MDS-E are those cases with less than 10% BM blasts
from TNCs but with 5%-<20% blasts in peripheral blood (PB) or when
Auer rods are present. Our 2 MDS-E patients diagnosed with RAEB-2
presented less than 10% BM blasts from TNCs but showed more than
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TABLE 2 Comparative analysis of prognostic indexes for MDS patients: IPSS, IPSS-R, recoded IPSS, and recoded IPSS-R

WILEY

Survival
Hazard ratio
N (%) Survival months, median (95% Cl) (95% Cl)

Recoded IPSS-R 3924

Very low 749 (19.1) 104 (87.9-115.8) -

Low 1567 (39.9) 73.9 (68.8-80.2) 1.45 (1.24-1.70)

Intermediate 806 (20.5) 40.4 (35.7-45.5) 2.67 (2.27-3.14)

High 447 (11.4) 19.2 (17.9-22.4) 4.99 (4.20-5.96)

Very High 355 (9.1) 9.6 (8.4-11.4) 8.93 (7.46-10.69)
IPSS-R 3924

Very low 1055 (26.9) 104 (88.7-115.8) -

Low 1574 (40.1) 66.1 (61.3-71.7) 1.69 (1.49-1.94)

Intermediate 657 (16.7) 32.3 (28.7-37.9) 3.21 (2.76-3.73)

High 360 (9.2) 17.4 (14.5-19.0) 6.08 (5.15-7.18)

Very High 278 (7.1) 9.0 (7.2-10.3) 9.61 (8.05-11.4¢6)
Recoded IPSS 3915

Low 1703 (43.5) 86.4 (78.1-94.7) -

Intermediate-1 1308 (33.4) 53.1 (47.5-58.6) 1.78 (1.58-1.99)

Intermediate-2 566 (14.5) 22.3 (19-25.8) 3.67 (3.21-4.19)

High 338 (8.6) 10.9 (9.0-12.9) 6.40 (5.47-7.49)
IPSS 3915

Low 1884 (48.1) 85.8 (77.7-94.0) -

Intermediate-1 1398 (35.7) 45.1 (40.4-49.9) 2.01 (1.80-2.24)

Intermediate-2 480 (12.3) 15.7 (13.6-17.8) 4.54 (3.96-5.18)

High 153 (3.9) 8.4 (6.5-10.2) 7.87 (6.48-9.56)
Time to AML transformation

Hazard ratio
N (%) AML evolution months, 25% (95% Cl) (95% ClI)

Recoded IPSS-R 3912

Very low 748 (19.1) NR (NR - NR) -

Low 1565 (40.1) 195.1 (190.9- NR) 1.58 (1.07-2.34)

Intermediate 803 (20.5) 46.5 (35.0-63.7) 5.96 (4.10-8.66)

High 443 (11.3) 16.0 (12.7-19.1) 14.15 (9.67-20.68)

Very High 353 (9.0) 8.8 (7.8-12.0) 20.73 (14.0-30.69)
IPSS-R 3912

Very low 1053 (26.9) NR (NR - NR) -

Low 1573 (40.3) 134.5 (126.7- NR) 2.17 (1.55-3.02)

Intermediate 654 (16.7) 27.6 (22.6-38.6) 8.20 (5.92-11.3¢)

High 355 (9.1) 15.6 (12.6-18.6) 15.99 (11.29-22.63)

Very High 277 (7.1) 8.0 (7.0-9.7) 23.36 (16.32-33.45)
Recoded IPSS 3904

Low 1701 (43.6) NR (190.9-NR) -

Intermediate-1 1304 (33.4) 96.2 (71.2-NR) 3.40 (2.59-4.47)

Intermediate-2 565 (14.5) 16.3 (14.1-18.6) 12.97 (9.86-17.07)

High 334 (8.5) 9.5(8.0-12.5) 19.64 (14.45-26.70)
IPSS 3904

Low 1882 (48.2) NR (190.9-NR) -

Intermediate-1 1394 (35.7) 53.5 (44.8-74.5) 4.39 (3.43-5.61)

Intermediate-2 476 (12.2) 14.0 (12.0-16.7) 13.91 (10.63-18.19)

High 152 (3.9) 6.2 (5.0-8.7) 24.82 (17.73-34.74)

NR: not reached.

5% blasts in PB. Median age at diagnosis was 74 years (27-94). Esti-
mated median follow-up, as calculated by reverse Kaplan-Meier
method,?* was 54.08 months (95% Cl, 47.2-61) and median OS was

59.7 months.

We assessed OS and time to AML evolution predicted by IPSS-R
considering BM blasts from TNCs and from NECs. Five groups with
significant differences in OS were observed only by applying the

recoded IPSS-R (Figure 2). By using our approach, the median OS of
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FIGURE 2 Overall survival (OS) by Kaplan-Meier analysis of
patients with myelodysplastic syndromes (MDS) with >50% BM
erythroblasts (MDS-E) according to the Revised International Prog-
nostic Scoring System (IPSS-R). (A) OS by IPSS-R risk groups enu-
merating blasts from total bone marrow cellularity. (B) OS by IPSS-
R risk groups enumerating blasts from nonerythroid cells. OS was
compared with two-sided log-rank test [Color figure can be viewed
at wileyonlinelibrary.com]

intermediate group improved from 28.9 to 41.2 months whereas
patients into higher-risk categories maintained the outcome expected
in these poor prognostic categories. Forty-one out of 448 patients
(9.2%) classified into lower-risk categories (very low, low, intermediate)
were reclassified into higher-risk ones and showed a significantly
shorter OS and time to AML evolution (median OS, 22.6 vs. 74.3
months, P < .001; median time to AML, 74.6 vs. NR months, P < .001)
(Supporting Information Figure S2). Likewise, restricting the analysis to
the IPSS-R intermediate risk group, 35 out of 69 patients (51%) were
upgraded into higher-risk categories and showed a significantly shorter
OS and time to AML transformation (median OS, 13.9 vs. 43.7 months,
P =.029; median time to AML, 74.6 vs. NR months, P =.048). As well
as in the whole series, the recoded IPSS-R showed a better capability
for predicting OS and time to AML (CPE, OS: 0.654 vs. 0.645; CPE,

time to AML: 0.70 vs. 0.673; CPE values for recoded IPSS-R vs. IPSS-R,

respectively).

4 | DISCUSSION

A proper prognostic stratification in MDS is essential for designing risk-
adapted therapeutic strategies than can range from watchful waiting to
allogeneic stem cell transplantation. The design of improvement strat-
egies in prognostic evaluation of patients with MDS is essential to help
clinicians in risk-adapted therapeutic decisions. In the 2016 revision to
the WHO classification of myeloid neoplasms, the nonerythroid blast
cell count rule was eliminated.*® Our results based on 3924 patients,
498 of whom were MDS with erythroid predominance (MDS-E), are
not in line with this statement and evidence that enumerating BM
blasts from NECs rather than from TNCs improves risk stratification of
MDS. This is the largest series of MDS patients with information on
BM erythroid precursor percentage to date.

As showed in our recent work, considering BM blasts from NECs
improved outcome prediction in MDS when applying IPSS and WHO
classification.** Despite the robustness of those findings, assessing the
appropriateness of considering BM blasts from NECs in the context of
IPSS-R seems crucial, since IPSS-R has been accepted as the score with
the best prognostic capability in MDS.

As previously shown, enumerating BM blasts from NECs permitted
us to upgrade to higher-risk categories 24% of patients previously clas-
sified into the intermediate risk category of IPSS-R. These upgraded
patients showed a median OS of 24 months. Therefore, by using this
easy-applicable approach we were able to detect a group of patients
labeled at present as having lower-risk disease but who presented an
outcome much closer to that of higher-risk patients. In addition, our
approach allowed a better distribution of patients, as lower-risk
patients, including those classified into the intermediate risk category,
showed longer survivals than previously whereas higher-risk patients
maintained the outcomes expected in this poor prognostic group (esti-
mated median OS inferior to 20 months). Of note, estimated median
OS of patients classified into the intermediate risk group improved
from 32.3 to 40.4 months when BM blasts were assessed from NECs
instead of TNCs. In the same line, restricting the analysis to MDS-E,
51% of patients classified into the intermediate category were reclassi-
fied into higher-risk ones and showed shorter OS and time to AML
evolution. As well as in the whole series, the estimated median OS of
patients classified into the intermediate risk group improved from 28.9
to 41.2 months when BM blasts were assessed from NECs instead of
TNCs. Hence, by applying our method, the estimated median OS of
patients included into the recoded intermediate risk category was very
similar to the observed for the intermediate-1 group of the original
IPSS. Patients included into the intermediate-1 risk category of IPSS
have shown a median OS around 40 months in several studies' ™ and
have been historically considered as lower-risk patients. Overall, the
appropriateness of our method is evident, as patients upgraded into
higher-risk categories performed worse than those remaining into

lower ones, and patients remaining into lower-risk categories
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performed better than previously because those patients with higher-
risk features dropped out from this group.

Since the origin of IPSS-R some concerns have been generated
about the real prognostic significance of the intermediate risk category.
The authors stressed the need to establish the real prognostic signifi-
cance of patients included into the intermediate risk category, but rec-
ommended to consider these patients as lower-risk better than higher-
risk ones because the OS of this group appeared closer to the IPSS
intermediate-1 group than it was to IPSS intermediate-2. Nevertheless,
as the authors stated, the proportion of patients dying with AML for
the IPSS-R intermediate category was closer to the observed in higher-
risk categories (very low: 13%, low: 17%, intermediate: 26%, high risk:
33%, and very high risk: 31%; proportion of patients died with AML).
The final recommendation of authors was to assess these patients
within both lower- and higher-risk future treatment protocols to con-
veniently define the best risk-adapted strategy in this subset of
patients.? Therefore, the authors left the door open to develop strat-
egies to improve the prognostic evaluation of this subgroup of patients.
In this regard, our method would allow a more certainly identification
of lower-risk patients, because patients included into the intermediate
risk category now shows a clinical outcome comparable to the
expected in lower-risk patients.

In clinical practice, the exercise of common sense tutored by scien-
tific evidence should be the overriding strategy to establish the value
of any prognostic method. As previously commented, although the
IPSS-R emerged as a very useful prognostic tool, its arrival brought
new concerns related with the accurate prognostication of patients
classified into the intermediate risk category. This dilemma was not
present in the IPSS era, since patients classified into IPSS low and
intermediate-1 categories have historically been well-accepted as
lower-risk patients whereas those classified into IPSS intermediate-2
and high have been considered as higher-risk ones. The inherent char-
acteristics of MDS patients make them not entirely favorable for the
use of concordance methods (C-statistics) for assessing the predictive
value of MDS prognostic scores in terms of overall survival. Determin-
ing causes of death attributable to MDS, especially in lower-risk
patients, is not an easy task.??> AML transformation is closely related
with the evolution of the disease while survival could be influenced by
several factors in this elderly population with a high prevalence of
comorbid conditions. C-statistics (C-index, Somer’'s Dxy rank correla-
tion, concordance probability estimate, etc.) have been used to evalu-
ate the discriminatory power and the predictive accuracy of statistical
models. The C-index and its extension Dxy, which can be easily calcu-
lated with the formula 2(C-index-0.5), are based on a generalization of
the area under the ROC curve. These methods are based on perform-
ing comparisons of outcomes of pairs of patients. For all possible pairs
of patients with comparable event times (a noncomparable event, for
example, is two censored patients or one patient who is censored
before another’s death time), a pair is concordant with the true out-
comes if the patient with a higher predicted risk dies first.>®> The C-
index is the ratio of the number of concordant predictions and the set

of all possible pairs. In other words, if one patient is IPSS-R “low” and

another is “high,” we would expect that the “low” lives longer than the
“high.” Therefore, taking into account the way that patients are com-
pared, we can expect a high rate of mistakes when predicting overall
survival in MDS. For example, a “discordant” pair would be generated if
a “low” risk IPSS-R patient diagnosed at 87 years who died after 1 year
of diagnosis due to an ischemic stroke was compared to an “intermedi-
ate” risk patient diagnosed at 55 years who died with AML after 2
years of diagnosis. In this regard, the accuracy of C-statistics in predict-
ing AML evolution could give a better value of the outcome prediction
of MDS prognostic scores, since AML evolution is the outcome more
closely related with disease evolution. In this respect, our approach has
been especially useful for the improvement in the detection of patients
at risk of dying with AML. Nevertheless, it is not exempt of difficulties
since this outcome is restricted to a limited number of patients. In its
original description, the IPSS-R showed an evident improvement in
prognostic power in terms of overall survival when compared to the
IPSS, nevertheless the improvement in terms of AML prediction was
slight, since 2% of patients were better predicted by using IPSS-R
instead of IPSS (Dxy: 0.52 vs. 0.48, C-index: 0.76 vs. 0.74; IPSS-R vs.
IPSS respectively).? For all these reasons, the results derived from C-
statistics in MDS, although valuable, should be interpreted with caution
and these never should overcome the clinical sense.

In conclusion, our method allowed a better risk stratification of
patients, by permitting a more precise identification of lower- and
higher-risk patients, the main aim of any MDS prognostic score. Our
data strongly support the use of NEC as the denominator for BM blast
percentage calculation.
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Erythroleukemia shares biological features and
outcome with myelodysplastic syndromes with
excess blasts: a rationale for its inclusion into
future classifications of myelodysplastic
syndromes
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Erythroleukemia was considered an acute myeloid leukemia in the 2008 World Health Organization (WHO)
classification and is defined by the presence of >50% bone marrow erythroblasts, having <20% bone marrow
blasts from total nucleated cells but >20% bone marrow myeloblasts from nonerythroid cells. Erythroleukemia
shares clinicopathologic features with myelodysplastic syndromes, especially with erythroid-predominant
myelodysplastic syndromes (>50% bone marrow erythroblasts). The upcoming WHO revision proposes to
eliminate the nonerythroid blast cell count rule and to move erythroleukemia patients into the appropriate
myelodysplastic syndrome category on the basis of the absolute blast cell count. We conducted a retrospective
study of patients with de novo erythroleukemia and compared their clinico-biological features and outcome with
those of de novo myelodysplastic syndromes, focusing on erythroid-predominant myelodysplastic syndromes.
Median overall survival of 405 erythroid-predominant myelodysplastic syndromes without excess blasts was
significantly longer than that observed in 57 erythroid-predominant refractory anemias with excess blasts-1 and in
59 erythroleukemias, but no significant difference was observed between erythroid-predominant refractory
anemias with excess blasts-1 and erythroleukemias. In this subset of patients with >50% bone marrow
erythroblasts and excess blasts, the presence of a high-risk karyotype defined by the International Prognostic
Scoring System or by the Revised International Prognostic Scoring System was the main prognostic factor. In the
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same way, the survival of 459 refractory anemias with excess blasts-2, independently of having >20% bone
marrow blasts from nonerythroid cells or not, was almost identical to the observed in 59 erythroleukemias.
Interestingly, 11 low-blast count erythroleukemias with 5 to < 10% bone marrow blasts from total nucleated cells
showed similar survival than the rest of erythroleukemias. Our data suggest that de novo erythroleukemia is in the
spectrum of myelodysplastic syndromes with excess blasts and support its inclusion into future classifications of

myelodysplastic syndromes.

Modern Pathology advance online publication, 26 August 2016; doi:10.1038/modpathol.2016.146

Acute erythroid leukemias are characterized by a
predominant erythroid population and represent less
than 5% of cases of adult acute myeloid leukemias.
The 2008 World Health Organization (WHO) recog-
nizes two subtypes of acute erythroid leukemia
based on the presence or absence of a significant
myeloblastic component: erythroleukemia and pure
erythroid leukemia. Erythroleukemia (erythroid/mye-
loid) is defined by the presence of equal or greater
than 50% erythroid precursors in bone marrow and
equal or greater than 20% myeloblasts in none-
rythroid cells. Pure erythroid leukemia represents a
neoplastic proliferation of erythroid precursors (equal
or greater than 80% of bone marrow cells) with no
evidence of a significant myeloblastic component.!-?
Erythroleukemia shares clinicopathologic features
with myelodysplastic syndromes: multilineage dys-
plasia is common, presents a high rate of myelodys-
plastic syndrome-like cytogenetic abnormalities and
shows a mutation profile that is closer to myelodys-
plastic syndromes than to de novo acute myeloid
leukemia.?~1% Those cases with equal or greater than
50% bone marrow erythroblasts but not fulfilling
criteria for erythroleukemia due to a percentage of
bone marrow myeloblasts lower than 20% from
nonerythroid cells, are considered erythroid-
predominant myelodysplastic syndromes and, fol-
lowing current WHO recommendation, their bone
marrow blast percentage must be considered from
total bone marrow nucleated cells.2!1-13 Possible
diagnoses when erythroid precursors are equal or
greater than 50% of bone marrow nucleated cells are
summarized in Supplementary Table S1.
Interestingly, as a flaw of current WHO recommen-
dation, refractory anemia with excess blasts-2 diag-
nosis is extremely rare in myelodysplastic syndromes
with erythroid predominance, as patients with the
minimum percentage of bone marrow blasts to meet
diagnosis criteria for refractory anemia with excess
blasts-2 (equal or greater than 10% of bone marrow
blasts from total nucleated cells) having >50% bone
marrow erythroblasts would present always at least
20% bone marrow blasts from nonerythroid cells,
fulfilling erythroleukemia criteria. Therefore, refractory
anemia with excess blasts-1 is almost invariably the
highest WHO risk category applicable in this subset of
patients. The uncommon situation where refractory
anemia with excess blasts-2 diagnosis could be
established in erythroid-predominant myelodysplastic
syndromes are those cases with less than 10% bone
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marrow blasts from total nucleated cells but with 5% to
less than 20% blasts in peripheral blood or when Auer
rods are present. Hence, erythroleukemia would really
represent the next-highest risk category of erythroid-
predominant refractory anemia with excess blasts-1
if the former were considered a specific subtype
of erythroid-predominant myelodysplastic syndrome.
However, there are no data in the literature about a
specific comparison between these two entities.

Few studies have compared clinical features and
outcome of de novo erythroleukemia with those
observed in erythroid-rich myelodysplastic syn-
dromes. Furthermore, most of them also collected
cases of therapy-related myeloid neoplasms and
secondary erythroleukemias.58-10

A revision of the fourth edition of WHO Classifica-
tion of myelodysplastic syndromes, originally pub-
lished in 2008, is expected this year. As mentioned
in a recent publication by Arber et al'*'® that
summarizes major changes in the upcoming WHO
classification, the nonerythroid blast cell count rule
will be eliminated and those patients that fulfilled
erythroleukemia criteria will be considered myelo-
dysplastic syndromes and will be moved into the
appropriate myelodysplastic syndrome category
based on the absolute blast cell count.

For all the above, an extensive comparison between
de novo erythroleukemia and myelodysplastic syn-
dromes, especially myelodysplastic syndromes with
erythroid predominance, seems crucial to elucidate
whether these entities should really be considered as a
continuum instead of two different biological entities.

Materials and methods
Patients

From 1972 to 2015, we retrospectively collected
clinical and laboratory data of 3687 de novo myelo-
dysplastic syndromes included in the Spanish Reg-
istry of Myelodysplastic Syndromes, 462 of whom
were erythroid-predominant myelodysplastic syn-
dromes (42 refractory cytopenias with unilineage
dysplasia, 139 refractory anemias with ring side-
roblasts, 200 refractory cytopenias with multilineage
dysplasia, 12 myelodysplastic syndromes with iso-
lated del(5q), 12 myelodysplastic syndromes-unclas-
sified, and 57 refractory anemias with excess blasts-1).
We could not establish refractory anemia with excess
blasts-2 diagnosis in any erythroid-predominant



myelodysplastic syndrome of our series. Moreover, 59
de novo erythroleukemias were collected in the same
period. A typical case of erythroleukemia displaying a
complex karyotype is shown in Figure 1. Morphology,
laboratory characteristics, cytogenetics, and clinical
follow-up were available for all the patients. Diag-
nosis of myelodysplastic syndromes and erythroleu-
kemia was made according to the 2008 WHO
classification proposals.? Those patients diagnosed
initially by French—American—British classification
criteria,'5~19 were reclassified according to the WHO
proposals, based on morphological, laboratory, and
cytogenetic data. Information about percentage of
bone marrow blasts from total nucleated cells and
bone marrow erythroblasts was available in all 3687
de novo myelodysplastic syndrome patients. Further,
the bone marrow blast percentage from nonerythroid
cells was calculated as follows: [% bone marrow blasts
from total nucleated cells/(100-% bone marrow
erythroblasts)] x 100. Distribution of patients among
WHO categories is depicted in Supplementary Table
S2. Patients diagnosed with secondary myelodys-
plastic syndrome (therapy-related myeloid neoplasm)
or secondary erythroleukemia (therapy-related or
evolved from primary myelodysplastic syndrome),
pure erythroid leukemia, chronic myelomonocytic
leukemia, and unclassified myelodysplastic/myelopro-
liferative neoplasms were excluded from the present
study. The study was conducted fulfilling the biome-
dical research guidelines of Declaration of Helsinki.

Morphological Studies

At least, two bone marrow and one peripheral blood
May-Griinwald-Giemsa-stained smears were used for
conducting the morphologic analysis at the individual
centers. In addition, a Prussian blue-stained bone
marrow smear was used for assessing the percentage
of ring sideroblasts. The WHO 2008 proposals for
evaluating the morphological diagnosis of myelodys-
plastic syndrome and erythroleukemia were followed
strictly.? As recommended, peripheral blood and
bone marrow differential counts were performed on
at least 200 and 500 cells, respectively. Bone marrow
blast counts were assessed from total bone marrow
nucleated cells. Following the 2008 WHO recommen-
dations, the threshold used for considering a myeloid
cell line as dysplastic was the presence of >10%
abnormal cells in the corresponding myeloid lineage.
For the evaluation of dysplasia, at least 200 neutro-
phils, 200 erythroblasts, and 30 megakaryocytes were
assessed in bone marrow. Multilineage dysplasia was
defined by dysplasia involving two or more lineages.
As currently recommended by the Spanish Guide-
lines for the diagnosis and treatment of myelo-
dysplastic syndromes and chronic myelomonocytic
leukemia,?® bone marrow biopsy was conducted
only in those cases where fibrosis, hypoplastic
myelodysplastic syndromes, or idiophatic cytopenias
of undetermined significance were suspected.
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Figure 1 Morphologic features of de novo erythroleukemia. (a)
Bone marrow smear shows immature erythroblasts with vacuo-
lated cytoplasm (May-Griinwald-Giemsa). (b) Diffuse pattern in
the cytoplasm of mature erythroblasts and granular and clumped
pattern in earlier precursors by periodic acid-Schiff reaction (PAS)
stain. (c) This patient presented a complex karyotype, a common
finding in erythroleukemia: 44-45XY,-5,-14,—17,+mar,+r
[cp10]/44-45,XY,-5,add(10)(p15), — 14,-17 ,+mar,+r[cp3]/44—45,
XY, -5,add(10)(p11), - 17,add(19)(q13),+mar[cp2]/46,XY[5].
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Conventional Cytogenetic Studies

Cytogenetic analyses were performed on G-banded
chromosomes obtained from 24 h unstimulated bone
marrow cultures at the individual centers. When
possible, at least 20 metaphases per sample were
studied. Karyotypes were described according to
the International System for Human Cytogenetic
Nomenclature.??

Statistical Analysis

Statistical analyses were performed using the statis-
tical package for the social sciences software version
22.0 (SPSS, Chicago, IL, USA). Categorical variables
were described by frequencies and percentages; and
continuous variables by medians and ranges. The
assumption of normality was assessed by using the
Shapiro—Wilk test. For categorical data, comparisons
of proportions were evaluated by Chi-square test. For
continuous variables, comparisons of medians, ranks
and means were assessed by nonparametric (Mood’s
median or Mann—-Whitney U-tests) or parametric tests
(t-test) as appropriate according to the distribution of
the studied variables. Mood’s median test was
selected instead of Mann—Whitney U-test, as a more
robust method to compare those variables showing
outlier values. Survival curves were constructed by
Kaplan—-Meier method using the interval from the
date of diagnosis to the date of last contact or death
(overall survival) and compared using the log-rank
test. Patients undergoing hematopoietic allogeneic
stem cell transplantation or intensive acute myeloid
leukemia-type chemotherapy were censored at the
date of starting chemotherapy or the date of trans-
plant, whichever came first, except when the prog-
nostic impact of allogeneic stem cell transplantation
was assessed. Differences were considered statisti-
cally significant when P-values were < 0.05 in a two-
tailed test. Multivariable analysis was performed
using Cox’s proportional hazards regression model
to assess the independent prognostic impact of
variables that showed significance in the univariable
overall survival analysis. The assumption of propor-
tional hazards over time was tested for all explana-
tory covariates by using a time-dependent covariate.

Results

Clinical follow-up data were available for all the
patients. The estimated median follow-up in the
overall series, as calculated by the reverse Kaplan—
Meier method was 42 months, 44 months, and
42 months for myelodysplastic syndromes with or
without erythroid predominance, respectively. At the
last follow-up, 1642 of 3687 patients (44.5%) had
died. The estimated median follow-up for de novo
erythroleukemia patients, as calculated by the reverse
Kaplan—-Meier method was 30 months. At the last
follow-up, 43 of 59 patients (72.9%) had died.
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Erythroid-Predominant Refractory Anemia with
Excess Blasts-1 and De novo Erythroleukemia Share
Clinico-Biological Features and Outcome

Refractory anemia with excess blasts-1 was the
highest WHO risk category applicable in erythroid-
predominant myelodysplastic syndromes of our ser-
ies, since patients with erythroid-predominant mye-
lodysplastic syndrome with equal or greater than 10%
bone marrow blasts from total nucleated cells, which
would be classified as refractory anemia with excess
blasts-2 if bone marrow erythroblasts were less than
50%, fulfilled erythroleukemia criteria. Thus, we
wanted to compare clinical features, cytogenetics,
and outcome of erythroid-predominant refractory
anemia with excess blasts-1 with those of erythroleu-
kemia, as this would represent the next-highest risk
category if this were considered a specific subtype of
myelodysplastic syndrome. Comparison of the main
clinico-biological features between 59 de novo ery-
throleukemias and 57 erythroid-predominant refrac-
tory anemias with excess blasts-1 is depicted in
Table 1. Interestingly, no significant differences were
observed according to age, sex distribution, hemoglo-
bin levels, neutrophil count, median percentage of
bone marrow erythroblasts, median percentage of
dysplasia of the different myeloid series, and the
International Prognostic Scoring System?? or Revised
International Prognostic Scoring System?? cytogenetic
risk category distribution. Moreover, no significant
differences were observed in the percentage of high-
risk karyotypes defined by the International Prognos-
tic Scoring System or by the Revised International
Prognostic Scoring System (poor and very poor
categories) between erythroid-predominant refractory
anemia with excess blasts-1 and erythroleukemia
(International Prognostic Scoring System, 28 vs
19%, P=0.230; Revised International Prognostic
Scoring System, 28 vs 22%, P=0.453). Very few
differences were observed: platelet count was
significantly inferior in erythroleukemia and, as
expected due to current definition of these entities,
bone marrow blast percentage considered from total
nucleated cells or from nonerythroid cells was
significantly inferior in erythroid-predominant refrac-
tory anemia with excess blasts-1. No significant
difference was observed between erythroleukemia
and erythroid-predominant refractory anemia with
excess blasts-1 in the proportion of patients receiving
acute myeloid leukemia-type chemotherapy (18.6 vs
12.3%, P=0.344), allogeneic stem cell transplantation
(18.6 vs 8.8%, P=0.123) or at least one of them (27.1
vs 17.5%, P=0.216). Azacitidine was approved in
Spain in January 2009 for the treatment of higher-risk
myelodysplastic syndromes and acute myeloid leu-
kemia with 20-30% bone marrow blasts from total
nucleated cells (previously considered refractory
anemia with excess blasts in transformation).
Although azacitidine is not currently approved for
the treatment of erythroleukemia, its use is widely
extended in this elderly group of patients usually
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Table 1 Comparisons for main demographic, clinical, and biological characteristics between 59 de novo erythroleukemias and 57
erythroid-predominant refractory anemias with excess blasts-1 (>50% bone marrow erythroblasts)

Erythroid-predominant

Characteristic Erythroleukemia, N =59 RAEB-1, N=57 P-values
Age, median (range), years 71. 09 (26-88) 70 8 (31-93) 0.713
Male gender, n (%) 8 (64) 5 (61) 0.738
Hemoglobin, median (range), g/l 0 (4.8-14.7) 7 (6.1-14.1) 0.074
Neutrophil count, median (range), x 10%/1 0. 84 (0.05-9.12) 0. 88 (0.08-6.1) 0.780
Platelet count, median (range), x 109/1 5 (12—394) 105 (14-381) < 0.001
Erythroblasts, median (range), % 58 6 (50-85) 5 (50-74) 0.063
BM blasts from TNCs, median (range), % 2 (5-19) 6 (5-9) < 0.001
BM blasts from NECs, median (range), % 30 2 (20-67.9) 5 (10-19.4) < 0.001
Dyserythropoiesis, median (range), % 0 (4-100) 0 (0-100) 0.165
Dysgranulopoiesis, median (range), % 0 (0-100) 4 (0-90) 0.674
Dysthrombopoiesis, median (range), % 5 (0-100) 0 (0-100) 0.793
Karyotype, abnormal/total cases (%) 24/59 (40.7) 31/57 (54.4) 0.139
IPSS cytogenetic group, n (%) 0.449

Low 38 (64) 31 (54)

Intermediate 10 (17) 10 (18)

Poor 11 (19)2 16 (28)2
IPSS-R cytogenetic group, n (%) 0.313

Very low 0
Low 40 (68)
Intermediate 6 (10)
Poor 2 (3)
Very poor 11 (19)°

Abbreviations: BM, bone marrow; IPSS, International Prognostic Scoring System; IPSS-R, IPSS revised; NECs, nonerythroid cellularity; RAEB-1,

refractory anemia with excess of blasts type 1; TNC, total nucleated cells.

@No significant differences were observed in the percentage of high-risk karyotypes defined by the IPSS between RAEB1-E and erythroleukemia

(IPSS, 19 vs 28%, P=0.230).

bNo significant differences were observed in the percentage of high-risk karyotypes defined by the IPSS-R (poor and very poor) between RAEB1-E

and erythroleukemia (22 vs 28%, P=0.453).
Statistically significance indicated in bold.

unfit to receive common acute myeloid leukemia-type
treatments or not eligible for allogeneic stem cell
transplantation. On assessing the patients diagnosed
from 2009 onward, a higher trend was observed in the
proportion of erythroleukemias receiving azacitidine
compared with erythroid-predominant refractory ane-
mias with excess blasts-1, although no significant
difference was detected (53.3 vs 29.2%, P=0.074).
Although overall survival of 405 erythroid-
predominant myelodysplastic syndromes without
excess of blasts (< 5% bone marrow blasts from total
nucleated cells) was significantly longer than that
observed in 57 erythroid-predominant refractory
anemias with excess blasts-1 (5 to <10% bone
marrow blasts from total nucleated cells) and in 59
de novo erythroleukemias (10 to < 20% bone marrow
blasts from total nucleated cells) (median overall
survival, 71 vs 20 months, P < 0.001; median overall
survival, 71 vs 13 months, P < 0.001; respectively), no
significant difference in the overall survival was
observed between 57 erythroid-predominant refrac-
tory anemias with excess blasts-1 and 59 de novo
erythroleukemias (median overall survival, 20 vs
13 months; P=0.33; Figure 2). Interestingly,
erythroid-predominant refractory anemia with excess
blasts-1 patients showed a significant shorter overall
survival than 489 refractory anemia with excess
blasts-1 with less than 50% bone marrow

erythroblasts (median overall survival, 20 wvs
34 months; P=0.042; Supplementary Figure S1). This
could be explained, at least in part, by the difference
in the median percentage of bone marrow blasts
calculated from nonerythroid cells. Although the
median percentage of bone marrow blasts from total
nucleated cells was higher in refractory anemia with
excess blasts-1 with less than 50% bone marrow
erythroblasts than in erythroid-predominant refrac-
tory anemia with excess blasts-1 (6.8 vs 6%,
P=0.044), erythroid-predominant refractory anemia
with excess blasts-1 displayed a significant higher
median percentage of bone marrow blasts from
nonerythroid cells (15 vs 9.38%, P<0.001). In the
same way, erythroleukemia patients showed a sig-
nificant shorter overall survival than 489 refractory
anemia with excess blasts-1 with less than 50% bone
marrow erythroblasts (median overall survival, 13 vs
34 months; P=0.001).

Changes in the different standards applied to
diagnosis and management of patients over time
could exercise an influence on the survival analysis,
especially on series collected during long time. To
assess this potential bias in our study, we divided
our series in three time periods: 1972 to < 2000,
2000 to <2009, and 2009 to present. These thresh-
olds were selected attending to the increased
indication of allogeneic stem cell transplantation in

MODERN PATHOLOGY (2016) 00, 1-11
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Figure 2 Overall survival by Kaplan—Meier analysis of 57
refractory anemias with excess blasts-1 with >50% bone marrow
erythroblasts (RAEB1-E) vs 59 de novo erythroleukemias. No
significant difference in overall survival was observed (median
overall survival, 20 vs 13 months; NS). Overall survival is
indicated in months and was compared with the two-sided log-
rank test.

the 2000 to < 2009 era and the use of azacitidine as a
standard of care in Spain for higher-risk myelodys-
plastic syndromes since 2009. No significant differ-
ence was observed in the proportion of patients
diagnosed with de novo erythroleukemia or with
erythroid-predominant refractory anemia with excess
blasts-1 in each one of these periods (15.3% of
erythroleukemias vs  19.3%  of  erythroid-
predominant refractory anemias with excess blasts-1
in the first period, 33.9% of erythroleukemias vs
38.6% of erythroid-predominant refractory anemias
with excess blasts-1 in the second period, 50.8% of
erythroleukemias vs 42.1% of erythroid-predominant
refractory anemias with excess blasts-1 in the third
period; P=0.629).

The low incidence of these diseases makes
difficult to perform studies with larger series. Never-
theless, our findings evidence that de novo erythro-
leukemia shares clinico-biological features and
outcome with erythroid-predominant refractory ane-
mia with excess blasts-1.

Then, we assessed International Prognostic Scor-
ing System and Revised International Prognostic
Scoring System cytogenetic risk classification in the
subset of 116 patients with erythroid predominance
and excess of blasts (erythroleukemia and erythroid-
predominant refractory anemia with excess blasts-1).
The presence of a high-risk karyotype according to
both, International Prognostic Scoring System and
Revised International Prognostic Scoring System,
was capable to discriminate two risk groups with
significant different overall survival (median overall
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Figure 3 Overall survival by Kaplan—-Meier analysis. (a) Survival
according to the presence of an International Prognostic Scoring
System (IPSS) high-risk karyotype or not (median overall survival,
10 vs 20 months, P=0.001). (b) Survival according to the presence
of a Revised International Prognostic Scoring System (IPSS-R)
high-risk karyotype (poor and very poor) or not (median overall
survival, 10 vs 20 months, P=0.001). Overall survival is indicated
in months and was compared with the two-sided log-rank test.

survival, 20 vs 10 months, P=0.001; median overall
survival, 20 vs 10 months, P=0.001; respectively;
Figure 3). Moreover, other classical myelodysplastic
syndrome prognostic factors were assessed and,
surprisingly, only hemoglobin < 100g/l showed an
impact (median overall survival, 36 vs 11 months;
P=0.006). Platelets <100x10%1,  platelets
<50x10%1, neutrophils < 500/mm3, neutrophils
< 800/mm?® showed no impact in terms of overall
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Table 2 Multivariable analysis for overall survival of 116 patients with erythroid predominance and excess blasts (erythroid-predominant

refractory anemia with excess blasts-1 and erythroleukemia)

Multivariable
Variable
HR 95% CI P-value
a)
Age, years
>60 1.38 0.73-2.63 NS
Hemoglobin, g/l
<100 1.63 0.95-2.80 NS
High-risk IPSS cytogenetic category 2.10 1.19-3.71 0.011
Allo-SCT 0.65 0.20-2.14 NS
b)
Age, years
>60 1.60 0.76-3.33 NS
Hemoglobin, g/1
<100 1.66 0.95-2.89 NS
High-risk IPSS-R cytogenetic group (poor and very poor categories) 2.20 1.27-3.83 0.005
Allo-SCT 0.71 0.22-2.37 NS

Abbreviations: Allo-SCT: allogeneic stem cell transplantation; CI: confidence interval; HR: hazard ratio; IPSS: International prognostic score
system; IPSS-R: Revised International prognostic score system; NS: not significant; OS: overall survival.

(a) Including the variable: high-risk International Prognostic Scoring System cytogenetic category.

(b) Including the variable: high-risk Revised International Prognostic Scoring System cytogenetic group.

Statistically significance indicated in bold.

survival. Furthermore, the 10% bone marrow blast
cutoff segregates a group of 48 de novo erythroleuke-
mias that showed no significant differences in overall
survival compared with the rest of the patients with
erythroid predominance and excess of blasts (11
erythroleukemias with less than 10% bone marrow
blasts from total nucleated cells and 57 erythroid-
predominant refractory anemias with excess blasts-1;
median overall survival, 13 vs 18 months; P=0.61).
In the same way, no significant difference in overall
survival was observed between the 11 low-blast count
erythroleukemias with less than 10% bone marrow
blasts from total nucleated cells and the rest of
erythroleukemias (median overall survival, 13 wvs
13 months, P=0.518). Moreover, the survival of these
low-count erythroleukemias was similar to that
observed in all 459 refractory anemia with excess
blasts-2 (median overall survival, 13 vs 14 months,
P=0.916).

Afterwards, the prognostic impact of allogeneic
stem cell transplantation in this subset of 116 patients
with erythroid predominance and excess of blasts was
assessed. The 16 patients who underwent an allo-
geneic stem cell transplantation showed a significant
longer overall survival than those who did not
(median overall survival, NR vs 17 months; P=0.017).

Finally, we carried out a multivariable analysis of
overall survival by using Cox regression modeling
including those variables that showed an impact on
overall survival in the univariable survival analysis:
age, high-risk International Prognostic Scoring Sys-
tem cytogenetic category, hemoglobin < 100 g/1, and
allogeneic stem cell transplantation as a time-
dependent variable. Only the high-risk International
Prognostic Scoring System cytogenetic category
retained its prognostic influence on overall survival

(Table 2a). Further, when the Cox regression model
was carried out introducing the high-risk Revised
International Prognostic Scoring System cytogenetic
group (poor and very poor categories) instead of the
high-risk International Prognostic Scoring System
cytogenetic category, again, only the high-risk
Revised International Prognostic Scoring System
cytogenetic group retained its independent prognos-
tic influence on overall survival (Table 2b).

Refractory Anemia with Excess Blasts-2 and De novo
Erythroleukemia Showed a Similar Outcome

We compared the outcome of 59 de novo erythro-
leukemias with that of 459 patients diagnosed with
refractory anemia with excess blasts-2 and no
significant difference in overall survival was
observed (median overall survival, 13 vs 14 months;
P=0.65; Figure 4a). Then, survival of erythroleuke-
mia and myelodysplastic syndromes with less than
50% bone marrow erythroblasts that, as in erythro-
leukemia, presented equal or greater than 20% bone
marrow blasts from nonerythroid cells was also
compared. We detected 175 of 459 refractory
anemias with excess blasts-2 (38%) meeting this
requirement. These two groups of patients presented
a similar overall survival (median overall survival,
13 vs 13 months; P=0.72; Figure 4b). This finding
underlines the arbitrariness of the established ery-
throblast cutoff to consider the diagnosis of erythro-
leukemia and the absence of prognostic impact
per se of the erythroid predominance.

Afterwards, a comparison of the main clinico-
biological features of de novo erythroleukemia and
refractory anemia with excess blasts-2 was carried

MODERN PATHOLOGY (2016) 00, 1-11
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Figure 4 Overall survival by Kaplan—Meier analysis of (a) 59
de novo erythroleukemias vs 459 refractory anemias with excess
blasts-2 (RAEB-2) (median overall survival, 13 vs 14 months; NS)
and (b) 59 de novo erythroleukemias vs 175 refractory anemias
with excess blasts-2 with equal or greater than 20% bone marrow
blasts from nonerythroid cells (NECs) (median overall survival, 13
vs 13 months; NS). Overall survival is indicated in months and
was compared with the two-sided log-rank test.

out and only significant differences in median
percentage of bone marrow erythroblasts, median
percentage of dysgranulopoiesis, and median per-
centage of bone marrow blasts from nonerythroid
cells were detected. Interestingly, no significant
differences were observed according to International
Prognostic Scoring System or Revised International
Prognostic Scoring System cytogenetic risk category
distribution, median percentage of dysplasia of the
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erythroid and megakaryocytic lineages, median per-
centage of bone marrow blasts from total nucleated
cells, hemoglobin levels, neutrophil count, platelet
count, age and sex distribution. All these compar-
isons are depicted in Table 3. Once again, these
results point out that erythroleukemia is in the
spectrum of myelodysplastic syndromes with excess
blasts.

Finally, no significant difference was observed
between erythroleukemia and refractory anemia with
excess blasts-2 in the proportion of patients receiving
acute myeloid leukemia-type chemotherapy (18.6 vs
17.4%, P=0.817), but a significant higher percentage
of erythroleukemia patients underwent an allogeneic
stem cell transplantation (18.6 vs 9.6%, P=0.034).
Interestingly, when assessing patients diagnosed
from 2009 onward, no significant difference was
detected in the proportion of patients treated with
azacitidine (53.3 vs 55%, P=0.863).

As previously mentioned, to elucidate whether
there was a bias on the survival analysis related to
differences between groups in diagnosis dates, we
compared the proportion of patients diagnosed with
erythroleukemia with that diagnosed with refractory
anemia with excess blasts-2 in each one of the
periods anteriorly proposed (1972 to < 2000, 2000
to <2009, and 2009 to present) and no difference
was observed (15.3% of erythroleukemias vs 16.1%
of refractory anemias with excess blasts-2 in the first
period, 33.9% of erythroleukemias vs 35.9% of
refractory anemias with excess blasts-2 in the second
period, 50.8% of erythroleukemias vs 47.9% of
refractory anemias with excess blasts-2 in the third
period; P=0.915).

Discussion

Myelodysplastic syndromes and acute myeloid leu-
kemias with equal or greater than 50% erythroblasts
in bone marrow represent up to 15% of myelodys-
plastic syndromes and around 5% of acute myeloid
leukemias, respectively.!! In the present study, the
largest series of de novo erythroid-predominant
myelodysplastic syndromes reported to date and an
extensive group of de novo erythroleukemia defined
by the WHO 2008 criteria were compared. Clinical,
morphological, cytogenetic and molecular features of
erythroleukemia have been described in several
retrospective studies but most of those articles also
collected cases of therapy-related myeloid neoplasms
and secondary erythroleukemias.6=10

Classification of myeloid malignances with
expanded erythropoiesis is often difficult and
requires integration of clinical, morphological, and
cytogenetic features. The definition and classifica-
tion of erythroleukemia have been changed over the
years.1=216-19 The 2008 WHO classification recom-
mended to enumerate bone marrow blasts from
nonerythroid cells when bone marrow erythroblasts
were equal or greater than 50%. In those instances,
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Table 3 Comparison for main demographic, clinical, and biological characteristics between 59 de novo erythroleukemias and 459

refractory anemia with excess blasts-2

Characteristic Erythroleukemia, N= 59 RAEB-2, N=459 P-values
Age, median (range), years 71.09 (26-88) 72.26 (20-96) 0.424
Male gender, n (%) 38 (64) 297 (64.7) 0.964
Hemoglobin, median (range), g/1 9.0 (4.8-14.7) 9.2 (4.6-16.1) 0.253
Neutrophil count, median (range), x 10%/1 0.84 (0.05-9.12) 1.1 (0.04—-21.7) 0.053
Platelet count, median (range), x 10%/1 65 (12—-394) 79 (3—440) 0.145
Erythroblasts, median (range), % 58.6 (50-85) 27 (6—49) < 0.001
BM blasts from TNCs, median (range), % 12 (5-19) 13 (3-19.2) 0.269
BM blasts from NECs, median (range), % 30.2 (20-67.9) 18.18 (4.8-34.7) < 0.001
Dyserythropoiesis, median (range), % 40 (4-100) 30 (0-100) 0.085
Dysgranulopoiesis, median (range), % 20 (0-100) 50 (0-100) 0.038
Dysthrombopoiesis, median (range), % 25 (0-100) 33 (0-100) 0.369
Karyotype, abnormal/total cases (%) 24/59 (40.7) 230/459 (50.1) 0.173
IPSS cytogenetic group, n (%) 0.387

Low 38 (64) 260 (56.8)

Intermediate 10 (17) 75 (16.4)

Poor 11 (19)? 123 (26.9)%
IPSS-R cytogenetic group, n (%) 0.327

Very low 0 11 (2.6)

Low 40 (68) 236 (54.9)

Intermediate 6 (10) 65 (15.1)

Poor 2 (3) 24 (5.6)

Very poor 11 (19)P 94 (21.9)P

Abbreviations: BM, bone marrow; ; IPSS, International Prognostic Scoring System; IPSS-R, IPSS revised; NECs, nonerythroid cellularity; RAEB-2,
refractory anemia with excess of blasts type 2; TNC, total nucleated cells.
4No significant differences were observed in the percentage of high-risk karyotypes defined by the IPSS between refractory anemia with excess

blasts -2 and erythroleukemia (IPSS, 26.9 vs 19%, P=0.175).

No significant differences were observed in the percentage of high-risk karyotypes defined by the IPSS-R (poor and very poor) between refractory
anemia with excess blasts-2 and erythroleukemia (27.4 vs 22%, P=0.379).

Statistically significance indicated in bold.

the disorder was classified as erythroleukemia when
bone marrow blasts were equal or greater than 20%
and as erythroid-predominant myelodysplastic syn-
drome when lower. In the latter, percentage of blasts
must be considered from total nucleated cells.? A
revision of that classification is expected this year
and, as Arber et al mentioned in a recent paper, the
elimination of the nonerythroid blast cell count rule
will be recommended. Therefore, patients fulfilling
erythroleukemia criteria will be now considered
myelodysplastic syndromes and will be moved into
the appropriate myelodysplastic syndrome category
based on the blast cell count from total nucleated
cells. Following this recommendation, the majority
of patients will be reclassified as myelodysplastic
syndromes with excess blasts-2, previously named
refractory anemia with excess blasts-2, and a
minority of them will be moved to categories with
less than 10% bone marrow blasts, mostly myelo-
dysplastic syndromes with excess blasts-1, prior
refractory anemia with excess blasts-1.14:1°
Although in the 2008 WHO classification erythro-
leukemia was included into acute myeloid
leukemias,? our results strongly support the future
WHO recommendation of considering erythroleuke-
mia as a myelodysplastic syndrome,*® but we have
some concerns related to the disappearance of
erythroleukemia as an entity. As it has been shown
in our study, erythroleukemia usually presents

multilineage dysplasia, typical myelodysplastic syn-
drome cytogenetic aberrations, and an outcome
similar to myelodysplastic syndromes with excess
blasts. Moreover, recent studies suggest that cases of
erythroleukemia have a molecular profile much
closer to myelodysplastic syndromes than to acute
myeloid leukemia without erythroid predo-
minance.%”-1% Our results showed that erythroid-
predominant refractory anemia with excess blasts-1
presented no significant difference in survival com-
pared with de novo erythroleukemia and in this
subset of patients, having erythroid predominance
and excess blasts, the presence of a high-risk
karyotype defined by the International Prognostic
Scoring System or by the Revised International
Prognostic Scoring System was the main prognostic
factor. Survival of de novo erythroleukemia did not
significantly differ from that observed in refractory
anemia with excess blasts-2. Moreover, survival of
those cases of refractory anemia with excess blasts-2
with, obviously, less than 50% bone marrow erythro-
blasts that, as in erythroleukemia, had equal or greater
than 20% bone marrow blasts from nonerythoid cells
was almost identical to de novo erythroleukemia. This
finding underlines the arbitrariness of the established
erythroblast cutoff to consider the diagnosis of
erythroleukemia and the absence of prognostic impact
per se of the erythroid predominance.

MODERN PATHOLOGY (2016) 00, 1-11



Erythroleukemia is in the spectrum of myelodysplastic syndromes

10

X Calvo et al

The upcoming revision of the WHO classification
will consider erythroleukemias with equal or greater
than 5% to less than 10% bone marrow blasts from
total nucleated cells as myelodysplastic syndromes
with excess blasts-1 and those with equal or greater
than 10% to less than 20% bone marrow blasts from
total nucleated cells as myelodysplastic syndromes
with excess blasts-2.1%1% In our study, we observed
that de novo erythroleukemia patients with less than
10% bone marrow blasts from total nucleated cells
(future myelodysplastic syndrome with excess
blasts-1) presented a survival similar to patients
with equal or greater than 10% to less than 20%
bone marrow blasts from total nucleated cells (future
myelodysplastic syndrome with excess blasts-2).
Moreover, erythroid-predominant refractory anemia
with excess blasts-1 showed a significant inferior
overall survival than refractory anemia with excess
blasts-1 with less than 50% bone marrow erythro-
blasts. This could be explained, at least in part, by
the differences in the median percentage of bone
marrow blasts calculated from nonerythroid cells.
Although the median percentage of bone marrow
blasts from total nucleated cells was higher in
refractory anemia with excess blasts-1 with less than
50% bone marrow erythroblasts than in erythroid-
predominant refractory anemia with excess blasts-1,
the latter showed a significant higher median
percentage of bone marrow blasts from nonerythroid
cells. This finding highlights the importance of
considering the percentage of bone marrow blasts
from nonerythroid cells, especially in the subset of
erythroid-rich myelodysplastic syndrome patients.'?
For all the above, the new proposal of including
erythroleukemia patients with equal or greater than
5% to less than 10% bone marrow blasts from total
nucleated cells in the myelodysplastic syndrome
with excess blasts-1 category could underestimate
the prognostic prediction of this group of low-blast
count erythroleukemias. The elimination of the
nonerythroid blast cell count rule implies the
disappearance of erythroleukemia as an entity. In
our opinion, considering de novo erythroleukemia as
a ‘high-risk’ myelodysplastic syndrome subgroup
could be a proper approach to avoid the under-
estimation of those cases with a higher percentage of
bone marrow erythroblasts and lower bone marrow
blast count from total nucleated cells.

In summary, our data suggest that erythroleukemia
is in the spectrum of myelodysplastic syndromes
with excess blasts and support its inclusion into
future myelodysplastic syndrome classifications
rather than in acute myeloid leukemia ones.
Classifying these poor outcome patients, usually
elderly and unfit to receive common acute myeloid
leukemia-type treatments, into myelodysplastic
syndrome categories could permit them to benefit
from a myelodysplastic syndrome-oriented prognos-
tic assessment and could serve for their inclusion in
future myelodysplastic syndrome-specific clinical
trials.
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