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RESUMEN

Los pacientes que sufren un sindrome coronario agudo presentan un riesgo

considerable de sufrir eventos adversos a largo plazo. Por tanto, existe la necesidad de

identificar a aquellos pacientes con mayor riesgo para implementar medidas de

prevencidon secundaria y mitigar asi este mal prondstico. Recientemente se han

identificado biomarcadores que pueden ayudar a estratificar este riesgo. Entre estos

biomarcadores destacan SDF-1, GDF-15 y suPAR. Se plantea la hipdtesis que la deteccién

de concentraciones plasmaticas elevadas de SDF-1, GDF-15 o suPAR en pacientes

ingresados por un sindrome coronario agudo puede aportar informacion prondstica

relevante durante un seguimiento a largo plazo. Por tanto, el objetivo de esta tesis

doctoral fue analizar la capacidad de dichos biomarcadores para pronosticar los eventos

adversos a largo plazo en pacientes que ingresan por un sindrome coronario agudo.

La tesis doctoral consta de tres estudios realizados en pacientes con sindrome

coronario agudo seguidos a largo plazo. En el primer estudio se demostré que los

pacientes con niveles plasmaticos elevados de SDF-1 tenian mayor riesgo de mortalidad

y mayor riesgo de presentar un evento cardiovascular y cerebrovascular mayor. En el

segundo estudio se demostrd que los sujetos con concentraciones plasmaticas elevadas

de GDF-15 tenian mayor carga de factores de riesgo y antecedentes cardiovasculares.

Asimismo, presentaban un incremento del riesgo de mortalidad, insuficiencia cardiaca y

el compuesto de eventos adversos cardiovasculares mayores. En el tercer estudio una

Unica determinaciéon de suPAR fue capaz de identificar a los pacientes con mayor riesgo

de mortalidad, insuficiencia cardiaca y el compuesto de eventos adversos

cardiovasculares mayores. Finalmente, los tres biomarcadores fueron capaces de

aportar informacién prondstica adicional mas alla de los factores de riesgo tradicionales.

Por tanto, la investigacion respalda, entre otras implicaciones, el uso de dichos

biomarcadores para la estratificacion del riesgo en pacientes que ingresan por sindrome

coronario agudo. Y, ademas, pone de manifiesto la necesidad de disefiar estrategias

terapéuticas mas intensivas y seguimientos mas estrechos entre aquellos sujetos con

mayor riesgo.
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1. INTRODUCCION
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INTRODUCCION

1.1. Epidemiologia de los sindromes coronarios agudos

La cardiopatia isquémica representa una de las principales causas de mortalidad
a nivel mundial con aproximadamente 7 millones de muertes anuales, ademads de
conducir a la pérdida de 129 millones de anos de vida ajustados segun discapacidad a
nivel mundial (1). Sin embargo, esta mortalidad repercute en mayor medida en paises
con ingresos medios o bajos al tener su poblacién peor acceso a tratamientos médicos
y programas de prevencion. En los paises ricos, si bien es cierto que la mejora del
tratamiento y de la prevencidn cardiovascular ha hecho disminuir la mortalidad en
ultimas décadas, la mortalidad por cardiopatia isquémica continla siendo una lacra para
estas sociedades. En nuestro entorno, concretamente en Espafa, la cardiopatia
isquémica representa la primera causa de mortalidad al menos desde el afio 2002 (2), a
excepcion del afio 2020 donde fue superada por la mortalidad debida al COVID-19 (3).
Sin embargo, existe posibilidad de mejoria ya que en los datos epidemioldgicos de los
ultimos afios se observa un descenso paulatino de la mortalidad por cardiopatia
isquémica. Asi, en 2002 se produjeron 35947 fallecimientos mientras que en 2020 se
contabilizaron 29654 muertes que corresponde a un descenso del 17,5% respecto a
2002 (2,3). Pero este descenso de la mortalidad en Espafia no es sindbnimo de menor
incidencia ya que los estudios vaticinan un aumento de los casos de sindrome coronario

agudo en los préximos afios debido al envejecimiento poblacional (Figura 1) (4).
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Figura 1. Casos de sindrome coronario agudo: tendencia 2005 — 2049 (4).
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INTRODUCCION

1.2. Definicion de infarto agudo de miocardio

El infarto agudo de miocardio (IAM) se produce fisiopatoldgicamente cuando

existe muerte celular como consecuencia de una isquemia prolongada. Asi, la

insuficiente perfusion sanguinea provoca un aporte deficiente de oxigeno y nutrientes

a los miocitos cardiacos que conlleva una incapacidad para satisfacer las necesidades

metabdlicas y termina por ocasionar la necrosis celular. Al producirse la necrosis celular

se liberan muchos de los componentes intracelulares al torrente sanguineo que,

actualmente, pueden ser detectados en un analisis de sangre periférica. Este es el caso

de las troponinas cardiacas que son componentes intracelulares que conforman el

aparato contractil del miocito y que se abocan al componente extracelular cuando existe

necrosis celular. Otros biomarcadores detectables son la creatina cinasa (la isoforma

MB), la lactato deshidrogenasa, etc.

En la actualidad se define como injuria miocdardica la presencia de una

concentracion plasmatica de troponina cardiaca por encima del percentil 99 del limite

superior de referencia. Esta injuria puede ser aguda si existe un ascenso y/o descenso

de la concentracién plasmatica de troponina cardiaca por encima del percentil 99 del

limite superior de referencia o bien puede ser crénica si existe un patrén

persistentemente elevado pero estable de troponina cardiaca. Por tanto, para hablar de

IAM es necesario evidenciar la injuria miocardica mediante la deteccién de

biomarcadores de necrosis miocdardica en el contexto clinico de isquemia miocardica

aguda.

Seguidamente se exponen los diferentes tipos de IAM. Puesto que esta tesis

incluye solo pacientes con IAM tipo 1 se presenta este tipo de IAM de forma detallada

y, el resto, de manera muy superficial. Eso si todo en consonancia con las ultimas guias

clinicas (5)

Infarto agudo de miocardio tipo 1: El IAM tipo 1 es aquel producido por una o

varias lesiones arteriosclerdticas que ocasionan una alteraciéon del flujo coronario que

impide la correcta perfusidon sanguinea hacia los miocitos. Generalmente se produce

cuando estas lesiones arterioscleréticas estendticas se complican, ya sea por ruptura o

erosion de la placa, y generan a una obstruccién aterotrombdtica en la coronaria
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INTRODUCCION

afectada. El componente aterotrombdtico necesario para producir necrosis miocardica
es variable e, incluso, puede producirse una embolizacién distal que resulte en necrosis

celular (Figura 2).

En este tipo de IAM es primordial realizar una clasificacién segun las
recomendaciones clinicas entre infarto agudo de miocardio con elevacién del segmento
ST (IAMCEST) e infarto agudo de miocardio sin elevacién del segmento ST (IAMSEST) ya

que el tratamiento de reperfusién varia entre uno y otro.

Infarto agudo de miocardio tipo 1

Ruptura/Erosion de placa con
trombo oclusivo

Ruptura/Erosion de placa con
trombo no oclusivo

Figura 2. IAM tipo 1 (5).

Los criterios para clasificar como IAM tipo 1 son los siguientes:

- Debe detectarse el aumento o descenso de troponina cardiaca con al menos uno
de los valores por encima del percentil 99 del limite superior de referencia v,
ademas, debe cumplirse uno de los siguientes:

- Sintomas de isquemia miocdrdica aguda

- Electrocardiograma con cambios isquémicos de nueva aparicion

- Aparicién de ondas Q patolégicas
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INTRODUCCION

- Evidencia por imagen cardiaca de pérdida de miocardio viable o de anomalias de
la motilidad segmentaria de patrén isquémico.
- Visualizacion de un trombo coronario por angiografia (incluida la imagen

intracoronaria) o por autopsia.

Infarto agudo de miocardio tipo 2: El IAM tipo 2 se produce por una pérdida del

equilibrio entre el aporte de oxigeno al miocardio y la demanda de este. Por tanto, al
producirse un insuficiente aporte de oxigeno para la demanda necesaria esto conlleva a
la isquemia miocardica y, al fin, a la necrosis de los miocitos. En este tipo de IAM no
existe la complicacion de una placa aterosclerdtica. Esta alteracion del equilibrio entre
oferta y demanda puede producirse en el contexto de una perfusién miocardica
disminuida por bradiarritmia severa, hipoxemia grave, la anemia marcada e
hipotension/shock, o puede deberse a un incremento de la demanda miocardica de

oxigeno secundaria a taquiarritmia sostenida o hipertension grave, entre otros.

Infarto agudo de miocardio tipo 3: Clasificamos como IAM tipo 3 aquellos pacientes

que experimentan sintomas sugestivos de isquemia miocardica o la presencia de
fibrilacion ventricular y que fallecen antes de poder obtenerse una muestra sanguinea
para la determinacidn de biomarcadores de necrosis miocardica o cuando la muerte se
produce tan rdpido que no ha habido tiempo de identificar el aumento de dichos

biomarcadores.

Infarto agudo de miocardio tipo 4 y 5: Los IAM tipo 4 y 5 se producen en relacion con

las terapias de revascularizacién coronaria. Asi el IAM tipo 4a es el producido por el
intervencionismo coronario percutaneo, el IAM tipo 4b el producido por la trombosis
del stent y el IAM tipo 4c el producido por la reestenosis tras el intervencionismo
coronario percutaneo. Y, finalmente, el IAM tipo 5 es aquel producido durante la

revascularizacién quirurgica.

1.3. Definicion y tipos de sindromes coronarios agudos

Los sindromes coronarios agudos se definen como aquel conjunto de
manifestaciones clinicas producidas por la isquemia miocardica aguda a consecuencia
de una pérdida subita, o una reduccion significativa, del flujo coronario(6). Entre los
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diferentes tipos de sindromes coronarios agudos es especialmente importante
diferenciarlos por sus caracteristicas electrocardiograficas, en concreto, por las
caracteristicas del segmento ST. Asi, existen los sindromes coronarios agudo sin
elevacién del segmento ST (SCASEST) y el IAMCEST. Esta diferenciacion es especialmente
importante ya que en los pacientes que presentan elevacidn persistente del segmento
ST se presupone que la arteria coronaria esta ocluida totalmente y, en este caso, la

revascularizacion debe realizarse lo mas rdpido posible (Figura 3).

1. Clinical

nptoms

ILECG

1. Troponin
level at 0 h

IV.Troponin
change. -
1,20r3h)

Unstable  QOther

DIAGNOSIS Noncardiac Rl 'NSTEMI  STEMI

angina

Figura 3. Algoritmo diagndstico en los sindromes coronarios agudos (7)

A continuacién, se exponen los diferentes sindromes coronarios agudos:

Sindrome coronario agudo sin elevacion del segmento ST

Aqui encontramos tanto el IAMSEST como la angina inestable. La presentacion
clinica puede ser muy variada, pero caracteristicamente, se presenta como un dolor

subito opresivo en la region centro-tordcica o precordial que puede irradiar hacia el
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cuello, regién mandibular y brazo izquierdo. A estos sintomas se puede asociar

sudoracion intensa, vémitos, mareo, disnea o sincope. Existen también sintomas menos

caracteristicos, pero no tan infrecuentes en mujeres, como es el inicio del dolor en la

zona epigastrica o la disnea como Unico sintoma y equivalente anginoso. Tipicamente el

dolor dura mas de 10 minutos y suele incrementarse con la actividad fisica y/o con algun

otro estresor. Ademas, suele mejorar con el reposo y con el uso de medicaciones tipo

nitratos. Los hallazgos en la exploracion fisica comprenden desde una exploracién

normal hasta la presencia de crepitantes pulmonares o, en casos mas graves, signos de

hipoperfusién secundarias a shock cardiogénico. Electrocardiograficamente estos

pacientes pueden presentar descenso del segmento ST, inversién de la onda T o,

inclusive, un electrocardiograma sin alteraciones relevantes. Las manifestaciones del

electrocardiograma son dinamicas en el tiempo y un mismo paciente puede pasar de

presentar un electrocardiograma normal a otro claramente alterado.

alteraciones electrocardiograficas son mas frecuentes encontrarlas cuando el paciente

tiene sintomas. Analiticamente los sujetos que presentan IAMSEST presentaran

concentraciones elevadas de troponina cardiaca lo cual es significativo de muerte de

miocitos y cumpliendo asi los criterios de IAM. Por el contrario, los pacientes que

presentan angina inestable, por definicion, no presentan elevacién de troponina

cardiaca ya que Unicamente existe isquemia miocardica sin muerte celular. Al no existir

dafio miocardico, los pacientes con angina inestable suelen tener sintomas mas

leves(6,7).

Infarto agudo de miocardio con elevacién del segmento ST

El IAMCEST se presenta clinicamente con signos y sintomas de isquemia y, por

tanto, la presentacién es similar a los otros tipos de sindromes coronarios agudos. Sin

embargo, la intensidad de los sintomas y su gravedad suele ser mayor. Asi, el dolor es

con mayor frecuencia persistente y de intensidad elevada y existe mayor probabilidad

de congestion pulmonar, shock cardiogénico, arritmias ventriculares malignas o de la

aparicion de otras complicaciones del IAM. Estos pacientes, por definicién, presentan

un electrocardiograma con al menos 2 derivaciones contiguas con una elevacion del

segmento ST > 2,5 mm en los varones menores de 40 afios, 2 2 mm en los de 40 o mas

0 21,5 mm en las mujeres en las derivaciones V2-V3 o0 2 1 mm en otras derivaciones (en
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ausencia de hipertrofia del ventriculo izquierdo o bloqueo de la rama izquierda). En el
caso de pacientes con IAM inferior estos pueden presentar elevacién del segmento ST
en las derivaciones derechas (V3R y V4R) y, en el caso de un IAM posterior pueden
presentar descenso del segmento ST en las derivaciones V1-V3 y ascenso del segmento
ST en las derivaciones posteriores (V7-V9). Con respecto a la presencia de bloqueo de
rama en el electrocardiograma, este puede dificultar la valoracién del segmento ST, en
especial en el bloqueo de rama izquierda y, por tanto, deben considerarse como
IAMCEST. Evidentemente, estos pacientes presentaran elevacion de troponina cardiaca

cumpliendo asi con los criterios de IAM(8).

1.4. Tratamiento de los sindromes coronarios agudos y sus factores de riesgo

A modo resumido se exponen las diferentes estrategias terapéuticas utilizadas

en los sindromes coronarios agudos(7,8):

-Técnicas de revascularizacion:

En este punto es donde encontramos las principales diferencias en el
tratamiento entre el IAMCEST y los SCASEST. Debido a que en el IAMCEST se presupone
que existe una arteria coronaria con una obstruccion total se debe reperfundir dicha
arteria lo mas rapido posible. Para acelerar el proceso diagndstico y terapéutico muchos
sistemas sanitarios han desarrollado una metodologia de trabajo estandarizada que, en
nuestro ambito, se denomina cddigo IAM. Asi, ante un paciente con un IAMCEST
deberemos realizar una terapia de reperfusién lo mas rapido posible. De eleccidn, al
paciente debe realizarsele una angioplastia primaria de la arteria coronaria afectada en
menos de 90 minutos (60 minutos si se encuentra un hospital con capacidad de realizar
angioplastia). Sin embargo, si se espera una demora de la angioplastia mayor o igual a
120 minutos se debera realizar fibrinolisis siempre y cuando el paciente no tenga
contraindicacién para el uso de agentes fibrinoliticos. En caso de fibrinolisis fallida (<50%
de resolucion del ascenso del segmento ST en 60-90 minutos) o en caso de
empeoramiento clinico debe realizarse intervencionismo coronario percutaneo de
rescate. lgualmente, tras una reperfusién efectiva con fibrinoliticos, debe realizarse una

coronariografia y angioplastia de la lesion culpable a las 2-24h tras al fibrinolisis.
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En el caso de los SCASEST solo se reserva la estrategia invasiva inmediata (<2

horas) para aquellos pacientes de muy alto riesgo (en shock cardiogénico, dolor toracico

incontrolable, presencia de arritmias malignas, etc). Para los pacientes con criterio de

alto riesgo (diagnodstico de IAMSEST, alteraciones del segmento ST y onda T, o

puntuacidon Global Registry of Acute Coronary Events [GRACE] de alto riesgo) es

recomendado la estrategia invasiva en menos de 24 horas y, para el resto de los

pacientes, podria realizarse a posteriori, pero antes de 72 horas. En los pacientes con

SCASEST, una vez realizada la coronariografia se pueden adoptar tres actitudes: realizar

intervencionismo coronario percutdneo, cirugia de bypass aortocoronario o tratamiento

conservador. En general, la cirugia de bypass queda reservada para aquellos pacientes

en situaciéon clinica estable que aunan las siguientes caracteristicas: diabéticos, con

disfuncion ventricular, lesiones de tronco comun, SYNTAX elevado, enfermedad de tres

vasos o lesiones no abordables por técnicas percutaneas. Por otro lado, el tratamiento

conservador queda reservado para aquellos pacientes en los que presentan lesiones

coronarias no susceptibles para revascularizacion o para aquellos pacientes en los que

su situacidn clinica global es subsidiaria de evitar tratamientos agresivos.

-Antiagregacion:

Los pacientes que sufren un IAMCEST deben recibir acido acetilsalicilico oral o

intravenoso lo mas rapido posible. Y, ademas, deben recibir un inhibidor potente del

receptor de la P2Y1, (ticagrelor o prasugrel) o clopidogrel si los anteriores estan

contraindicados o no estan disponibles. De forma similar, los pacientes con SCASEST

también deben recibir tratamiento con dacido acetilsalicilico oral y un inhibidor del

receptor de la P2Y1, siendo de preferencia prasugrel y ticagrelor dejando al clopidogrel

solo si los anteriores estan contraindicados o no disponibles. Prasugrel debe ser

preferencia si se procede a intervencionismo coronario percutaneo. No obstante, no se

recomienda el tratamiento de rutina con un inhibidor del receptor de la P2Y1; en el caso

de desconocer la anatomia coronaria y realizarse una coronariografia precoz. Por otro

lado, en cualquier paciente con un sindrome coronario agudo, puede considerarse el

uso de cangrelor si se someten a intervencionismo coronario percutaneo y no han

recibido con un inhibidor del receptor de la P2Y1,. Y, con respecto a los antagonistas de

la glicoprotropeina Ilb/llla, solo deberian usarse como medida de rescate si durante el
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intervencionismo coronario percutaneo hay complicaciones trombdticas o si hay

evidencia de no reflujo (Figura 4).

En los pacientes con un sindrome coronario agudo se mantendrd la doble
antiagregaciéon durante 12 meses. No obstante, existen varios escenarios donde el
esquema de tratamiento durante 12 meses puede alargarse o acortarse en funcion de

la caracteristicas del paciente y el uso concomitante o no de anticoagulacién oral.
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Figura 4. Esquema de tratamiento antiagregante y anticoagulante en el SCASEST (7).

-Anticoagulacion:

En el contexto de un sindrome coronario agudo se recomienda el tratamiento
anticoagulante para reducir la formacién o la progresién del trombo intracoronario. En
aquellos pacientes que presentan un IAMCEST que se someten a angioplastia primaria
se recomienda el uso de heparina no fraccionada, aunque también podria considerarse

el uso de enoxaparina o bivalirudina pero no asi de fondaparinux. Las recomendaciones
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para pacientes con SCASEST son similares en cuanto a anticoagulacion con la salvedad
de que, si es posible utilizar fondaparinux vy, si se realiza intervencionismo coronario

percutdneo, se debe administrar un bolus de heparina no fraccionada (Figura 4).

-Tratamiento antianginoso:

Durante un sindrome coronario agudo es frecuente que los pacientes presenten
dolor que, en ocasiones, puede ser de elevada intensidad. Por ello es importante realizar
un éptimo control del dolor. La nitroglicerina tanto percutanea como endovenosa ayuda
al control del dolor, asi como los betabloqueantes. No obstante, ante dolor de elevada

intensidad puede ser necesario el uso de analgésicos tipo morficos.

-Tratamiento de los factores de riesgo:

- Dislipidemia: se recomienda el uso de estatinas en todos los pacientes que
sufren un sindrome coronario agudo, independientemente de los niveles de
colesterol LDL, si no tienen contraindicacion para estos farmacos. Se
recomiendan unos niveles de colesterol LDL <55mg/dL asi como un descenso
>50% de las cifras basales. Para conseguir estas concentraciones de colesterol
LDL se debe realizar tratamiento dietético sumado a una estatina de alta
potencia y, en muchas ocasiones, asociarlo a ezetimibe. Si, aun asi, no se
alcanzan los niveles adecuados se puede recurrir a los anticuerpos monoclonales
dirigidos a inhibir la proproteina convertasa subtilisina/kixina 9. Otras estrategias
para disminuir el colesterol LDL son los secuestradores de acidos biliares, aunque
son menos utilizados. El tratamiento con dacido bempedoico, Lomipatide,
Mipomersen e Inclisiran son estrategias hipolipemiantes prometedoras(9).

- Hipertension arterial: en los pacientes con cardiopatia isquémica que sufren
hipertension arterial debemos tratarlos para obtener valores de tensién arterial
por debajo de 130/80 mmHg pero no por debajo de 130/70 mmHg. Para ello
tenemos multiples estrategias terapéuticas. Las mas interesantes para pacientes
con cardiopatia isquémica son los betabloqueantes y los inhibidores de la enzima
convertidora de la angiotensina (o antagonistas del receptor de la angiotensina
II). En caso de asociar disfuncion ventricular izquierda también podrian

beneficiarse de los antagonistas del receptor mineralcorticoide y de sustituir los
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inhibidores de la enzima convertidora de la angiotensina por los inhibidores del
receptor de angiotensina-neprisilina. Si un paciente con cardiopatia isquémica
asocia angina, los betabloqueantes y los calcioantagonistas serian los
antihipertensivos de eleccion(10).

- Diabetes mellitus: en todo paciente con cardiopatia isquémica debe evaluarse
peridodicamente los niveles de glucemia o hemoglobina glicosilada para
identificar si el paciente tiene o no diabetes mellitus. En el caso que el paciente
tenga diabetes mellitus el control optimo de esta enfermedad debe ser
primordial. Afortunadamente existen muchas terapias para conseguir un buen
control glucémico y, ademas, en los Uultimos afios se han incorporado
tratamientos que confieren un beneficio cardiovascular como son los inhibidores
del cotrasportador de sodio-glucosa 2 y los agonistas del receptor del péptido
similar al glucagdn 1. Asi, se recomienda el uso de estos farmacos para reducir
los eventos adversos cardiovasculares. Si aun asi no se consigue un éptimo
control de la glucemia se puede recurrir a otros antidiabéticos orales como la
metfomina o los inhibidores del dipeptidil-peptidasa IV o iniciar la insulinizacion
del paciente(11).

- Tabaquismo: el cese inmediato del tabaquismo es primordial y para ello los
pacientes pueden ayudarse de terapias cognitivo-conductuales, sustitutivos de
la nicotina como los parches o chicles o terapias farmacolégicas como el
bupropion y la vareniclina.

- Sobrepeso y obesidad, habitos alimenticios y sedentarismo: los pacientes tras
un sindrome coronario agudo deben evitar y/o corregir el sobrepeso mediante
un aporte caldrico ajustado a sus necesidades y una dieta saludable como es la
dieta mediterranea. Ademas, deben realizar ejercicio fisico diario para favorecer
la pérdida de masa grasa y la ganancia de masa muscular. Los programas de
rehabilitacion cardiaca aunan todas estas modificaciones de estilos de vida
favoreciendo la adherencia a estos cambios y, por eso, la participacion en estos

programas conlleva un gran beneficio para los pacientes(12).
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1.5. Prondstico de los sindromes coronarios agudos

Durante las ultimas décadas la cardiologia ha experimentado grandes avances en

el tratamiento de los sindromes coronarios agudos tanto en su fase inicial como en el

tratamiento dirigido a la prevencion secundaria. Gracias a estos avances se ha podido

reducir la morbimortalidad a corto y, también, a largo plazo. Tienen especial relevancia

en la mejoria de este prondstico las técnicas de reperfusién coronaria y el uso

generalizado de la doble antiagregacion. Ademas, el descubrimiento del efecto

beneficioso de los betabloqueantes, inhibidores de la enzima conversora de la

angiotensina, los antagonistas del receptor mineralcorticoide y desfibriladores, en caso

de asociarse disfuncién ventricular izquierda, y el tratamiento intensivo de los factores

de riesgo con estatinas y antidiabéticos orales, asi como la rehabilitacion cardiaca han

posibilitado esta mejoria del prondstico(13).

No obstante, los pacientes que sufren un sindrome coronario agudo siguen

presentado un prondstico mucho mas sombrio que el resto de la poblacion general(14).

El riesgo de sufrir nuevos eventos adversos cardiovasculares es especialmente

importante durante el primer afio después del sindrome coronario agudo. Asi, el riesgo

de mortalidad durante la hospitalizacién por IAMCEST varia entre el 5-6% y el riesgo de

muerte al afio entre el 7-18% en series americanas(15,16). Por otro lado, en los primeros

90 dias tras el IAM existe hasta un 2,5% de probabilidad de volver a sufrir un 1AM,

principalmente por trombosis del stent. Ademas, estos pacientes que vuelven a padecer

un IAM tan rapido experimentan una mortalidad del 50% a 5 afios, mas del doble que

aquellos que no presentaron infarto recurrente a corto plazo (17). Posteriormente, el

riesgo de eventos adversos cardiovasculares disminuye, pero continta siendo alto en

comparacion con la poblacién general y, hasta 1 de cada 5 pacientes pueden llegar a

padecer eventos adversos durante un seguimiento a largo plazo(18). Asi, los registros

nacionales de diferentes paises han demostrado que una gran proporcién de pacientes

tienen eventos cardiovasculares recurrente en los afios posteriores a su ingreso inicial

(19). En un registro sueco con casi 100.000 pacientes con IAM, el riesgo de sufrir el

evento combinado de IAM no fatal, ictus no fatal o muerte cardiovascular era del 18%

el primer afio, y entre los pacientes libres de enfermedad durante el primer afio, hasta

un 20% presentaron eventos adversos (Figura 5) (20). Ademads, en el registro de
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pacientes con sindrome coronario agudo del Reino Unido y Bélgica se observd una
mortalidad del 20% después de 5 afios, el 13% debido a causas cardiovasculares (21).
Este prondstico sombrio no solo se observa en los registros, sino que incluso en los
ensayos controlados aleatorizados donde el tratamiento médico se controla de manera

Optima, la incidencia de eventos cardiovasculares recurrentes sigue siendo alta (22).

L 50 All patients
“; Age 80+
-*(_20' Age 70to 79
= Age 60to 69
2 40 Age <60
(]

=

Q

g

o 30

%

=

[T

o

o 20

o

c

@

=

o

=

@ 10

=

+-—

o

=

=

o 0-

| T 1 1 | ! 1 |
1 1.5 2 25 3 35 4 4.5

Time (years since index MI)

Figura 5. Incidencia acumulada del evento combinado (IAM, ictus y muerte

cardiovascular) después del afio del IAM indice estratificado por edad (20).

Por tanto, tras un sindrome coronario agudo se esta en riesgo de una alta
morbimortalidad que obliga a iniciar un tratamiento intensivo y un seguimiento
estrecho. En este contexto, se hace necesario identificar aquellos pacientes que
presenta mayor riesgo de eventos adversos en el seguimiento, tanto a corto como a
largo plazo. Con esta idea se han disefiado varias escalas de riesgo, como son la escala
de riesgo TIMI (acrénimo en inglés de Thrombolysis in Myocardial Ischemia) y la escala

de riesgo GRACE. La escala de riesgo TIMI se validé en pacientes con SCASEST y se basa
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en siete variables recogidas durante su estancia hospitalaria. Dichas variables son: edad

> 65 afios, > 3 factores de riesgo de enfermedad coronaria (historia familiar de

cardiopatia isquémica, hipertensién arterial, dislipidemia, diabetes mellitus o fumador

activo), enfermedad coronaria previamente conocida (estenosis > 50%), administracion

previa de acido acetilsalicilico, 2 2 episodios de angina en las 24 horas previas, desviacién

del segmento ST = 0,5mm en el ECG inicial y marcadores de dafio miocardico elevados.

Cada variable presente suma un punto, por tanto, la puntuacion de riesgo es el

sumatorio de cada una de las variables presentes siendo el maximo 7 puntos y el minimo

0 puntos. La escala TIMI ha demostrado ser util en la estratificacion del riesgo ya que los

pacientes con mayor puntuacion presentan mayor riesgo de mortalidad y de eventos

isquémicos a corto plazo. Asi, en el aio 2000 (afio de su publicacidn) confirié un avance

significativo ya que permitia identificar aquellos pacientes de alto riesgo que se podia

beneficiar de una estrategia invasiva temprana y de un tratamiento antitrombdtico mas

intensivo (Figura 6) (23). Sin embargo, actualmente, su utilizacién se ha visto reducida

tras ser desplazado por la escala GRACE.

45+
40.9
40+

36+
30

26.2
254

19.9

151 13.2

10+ 8.3
4.7

Rate of Composite End Point, %
]
(=]

0 2 3 4 5 6/7
No. of Risk Factors

Test Cohort
No. 85 339 627 573 267 66
(%) (4.3 (17.3) (32.0) (29.3) (13.8) (3.4)

Figura 6. Escala de riesgo TIMI. Ratio del evento compuesto (mortalidad total,

IAM e isquemia severa que requiera revascularizacién) segun la puntuacion de la

escala TIMI (23).
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La escala GRACE, a diferencia de la escala TIMI, si incluia todos los tipos de
sindrome coronario agudo y se basa en la edad, frecuencia cardiaca, tension arterial
sistélica, creatinina, clasificacion Killip, la presencia de paro cardiaco al ingreso, la
presencia de desviaciéon del ST o la presencia de marcadores de dano miocardico
elevados. Inicialmente, la escala GRACE, fue desarrollada para la predicciéon de la
mortalidad intrahospitalaria. Asi, en una cohorte de 11389 pacientes incluidos en los
afios 1999 — 2001 se valido la escala GRACE con una buena prediccidén de la mortalidad
intrahospitalaria (estadistico C de 0,83). Sin embargo, es necesario destacar que solo el
15,2% de la cohorte recibié tratamiento de reperfusion (24). Posteriormente se validd
la escala GRACE para la prediccion de la mortalidad a los 6 meses desde el ingreso y el
alta hospitalaria (25,26) manteniendo una buena capacidad predictiva (estadistico C de
0,79). Y, finalmente, se demostré que la escala GRACE es igualmente eficaz para
determinar el prondstico a 5 afos (Figura 7) (21). Por otro lado, durante este tiempo, se
disefid una versidon 2.0 de la escala GRACE que contiene estimaciones un poco mas
precisas de las probabilidad de muerte. La version 2.0, a diferencia de la 1.0, en lugar de
convertir las estimaciones del modelo en un sistema de puntos y usar intervalos para
variables continuas como la edad utiliza directamente las propias estimaciones del

modelo para calcular el riesgo (27).
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Figura 7. Supervivencia de acuerdo la escala GRACE. La linea verde indica riesgo bajo,

la roja riesgo intermedio y la azul riesgo alto (21).
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La escala GRACE se validé en pacientes ingresados hace ya 15-21 anos cuando no

se disponia tan ampliamente del tratamiento intensivo que hoy si disponemos. Sin

embargo, continua teniendo validez y esta incluida en las guias de practica clinica de la

Sociedad Europea de Cardiologia. De hecho, se continla recomendando su uso en

pacientes con SCASEST para la estratificaciéon del riesgo con una recomendacion clase

Ila y nivel de evidencia B. Ademas, se recomienda una estrategia invasiva precoz (<24h)

en aquellos pacientes con un GRACE > 140 puntos con una recomendacion clase | y nivel

de evidencia A (7).

1.6. Definicion de biomarcador

Actualmente el uso de biomarcadores en medicina es tan comun que no se

entiende la practica de cualquiera de sus especialidades ni la investigacién médica sin

qgue los biomarcadores tengan una especial relevancia. A pesar de que los

biomarcadores son esenciales tanto en la practica médica como en la investigacién

continlda habiendo cierta confusién en su terminologia y en los conceptos

fundamentales para su uso(28). Por dicho motivo, a finales del siglo XX e inicios del siglo

XXl la Food and Drug Administration y la National Institutes of Health de Estados Unidos

propusieron una definicidon para biomarcador(29). Posteriormente, en un esfuerzo por

armonizar la terminologia relacionada con los biomarcadores crearon un grupo de

trabajo que acabd publicando en 2016 el recurso BEST (Biomarkers, EndpointS and other

Tools) que es un glosario de términos y usos de los biomarcadores. Asi, en este grupo

de trabajo se definié biomarcador como “una caracteristica definida que es medida

objetivamente y evaluada como indicador de procesos bioldgicos normales, procesos

patdgenos o respuestas a una exposicion o intervencion, incluidas las intervenciones

terapéuticas”(30).

Existen diferentes tipos de biomarcadores como son los biomarcadores de tipo

molecular, histoldgico, radiografico o fisiolégico. Como ejemplos de estos tipos de

biomarcadores tenemos la glucemia a nivel molecular, el tamafio de tumor pulmonar a

nivel radiografico y la tensidn arterial a nivel fisioldgico. Por otro lado, se ha clasificado

a los biomarcadores en funcién de su utilidad principal. No obstante, la clasificacién
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suele ser dificil puesto que un biomarcador puede emplearse para varias utilidades a la
vez. Ademas, la definicion de los diferentes grupos de biomarcadores en funcién de su
utilidad presenta, en ocasiones, superposicion entre grupos. A continuacién de exponen

los diferentes grupos y ejemplos de usos(30,31):

-Diagnéstico: diferentes entidades clinicas no podrian ser diagnosticadas sin el
uso de biomarcadores. Por ejemplo, en el caso del IAM la presencia de una
concentracion de troponina elevada en sangre es condicién necesaria para establecer el

diagndstico de IAM.

-Monitorizacidn: cuando un biomarcador se puede medir de forma seriada para
determinar el estado de una enfermedad o para detectar el efecto de una exposicion
médica o ambiental hablamos de un biomarcador de monitorizacion. Asi, la presién
arterial, la saturacion de oxigeno y la frecuencia cardiaca son ejemplos de
biomarcadores de uso sistematico en los hospitales para monitorizar el estado clinico

del paciente.

-Respuesta farmacodinamica: cuando el nivel del biomarcador cambia en
respuesta a un farmaco o un agente externo se puede denominar biomarcador de
respuesta farmacodindmica. Por ejemplo, la hemoglobina glicosilada baja en respuesta
al tratamiento con antidiabéticos o la tension arterial disminuye al iniciar tratamiento

con captopril.

-Predictivo: son biomarcadores predictivos aquellos que predicen, por su
presencia o evolucidon temporal, que un paciente experimente una evolucion favorable
o desfavorable a un tratamiento o intervencion. Asi, las pacientes con cancer de mama

HER2 positivo tendran una respuesta favorable al tratamiento con trastuzumab.

-Prondstico: un biomarcador prondstico se utiliza para identificar la probabilidad
de que un paciente presente un evento clinico adverso, una progresion de la
enfermedad o una recurrencia de esta. Por ejemplo, aquellos pacientes que acuden a
urgencias y presentan una determinacidn de troponina cardiaca elevada presentan con
mayor frecuencia eventos clinicos adversos independientemente del motivo de
consulta. Estos biomarcadores se diferencian de los biomarcadores de susceptibilidad /

riesgo para diferenciar la transicion entre paciente sano y enfermo.
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En ocasiones puede ser dificil diferenciar entre biomarcador prondstico y predictivo. El

biomarcador prondstico nos transmite los eventos que presentara un paciente enfrente

de una determinada enfermedad y el biomarcador predictivo nos informara sobre cémo

responderd a una determinada terapia. Por ejemplo, la desviacién del segmento ST en

el electrocardiograma es un importante biomarcador prondstico ya que tanto el ascenso

como el descenso del segmento ST confiere peor prondstico que la ausencia de

desviacidn. Sin embargo, la direccién de la desviacién se comportard como biomarcador

predictivo puesto que nos informa sobre la respuesta al tratamiento fibrinolitico. Asi, el

ascenso del segmento ST nos aportaria respuesta al tratamiento fibrinolitico mientras

gue es descenso del segmento ST no daria lugar a dicha respuesta.

-Seguridad: un biomarcador de seguridad se mide antes y después de una

exposicidn a un tratamiento o intervencion médica. Asi, podemos determinar si existe

la presencia de un efecto téxico o nocivo e, incluso, determinar su extensién. En muchos

aspectos clinicos es esencial controlar el hemograma, la funcion hepatica, la funciéon

renal o incluso la toxicidad cardiovascular. Por ejemplo, tras realizar una cirugia mayor

controlamos el nivel de hemoglobina para determinar si existe o no sangrado. Ademas,

verificamos la funcidn hepatica tras el inicio de estatinas y la funcion renal tras iniciar

antagonistas del receptor mineralcorticoide. Inclusive comprobamos la ausencia de

afectacion cardiovascular al medir el intervalo QT tras iniciar tratamiento con sotalol.

-Susceptibilidad / riesgo: corresponde a un biomarcador que indica el potencial

de padecer una enfermedad cuando esta aun no se ha desarrollado. El concepto es

similar al de biomarcador prondstico, pero con la diferencia que aqui aun no se ha

establecido la enfermedad. Son biomarcadores esenciales en prevencién primaria y

muchos de ellos forman parte de escalas de riesgo. Por ejemplo, la escala de riesgo

SCORE utiliza tanto la concentracion de colesterol total como la presion arterial sistdlica

para determinar el riesgo a 10 afios de padecer un evento cardiovascular fatal.

El biomarcador ideal seria aquel facil de medir, altamente reproducible, con alta

sensibilidad y especificidad, especifico de un drgano, coste-efectivo, facilmente

interpretable y presente en muestras facilmente de obtener (por ejemplo, sangre, orina,

saliva, etc). Ademas, tiene que haber sido validado clinicamente para corroborar que el

biomarcador aporta informacion relevante.
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1.7. Biomarcadores prondsticos de los sindromes coronarios agudos de uso rutinario

-Troponina cardiaca

El complejo troponina juega un papel significativo en la regulacién de la
contraccion muscular. El complejo esta compuesto por tres subunidades: la troponina C
que se une con el Ca?*, la troponina | que se une a la actina e inhibe la interaccién actina-
miosina y troponina T que se une a tropomiosina uniendo asi el complejo troponina al
filamento delgado y, por tanto, regula la contraccién de los cardiomiocitos. La troponina
C se encuentra tanto en el misculo esquelético como en el muisculo miocardico. Las
isoformas de troponina T e | son altamente especificas y sensibles a los miocitos
cardiacos y, por tanto, se conocen como troponinas cardiacas. De hecho, se sabe que las
troponinas cardiacas son mads sensibles y especificas de lesidn de los cardiomiocitos que

la isoenzima MB de creatina quinasa y mioglobina (32).

A parte del uso necesario para poder establecer el diagndstico de 1AM, las
troponinas cardiacas también aportan valor pronéstico tanto a corto como a largo plazo
(33,34). De hecho, las guias de practica clinica de la Sociedad Europea de Cardiologia
recomiendan la seriacién de troponinas cardiacas en los SCASEST (7). Sin embargo, en
pacientes con IAMCEST existen articulos que sugieren que las troponinas cardiacas

aportan un valor prondstico limitado (35).

-Péptidos natriuréticos

El péptido natriurético tipo By la porcion N-terminal del pro-péptido natriurético
tipo B se secretan en respuesta al aumento de la tensidn de la pared cardiaca. El péptido
natriurético tipo B se une a los receptores celulares que los activa y provoca una cascada
de reacciones que provocaran vasodilatacion, inhibicién del sistema renina angiotensina
aldosterona y natriuresis. Los péptidos natriuréticos se utilizan principalmente para el
diagndstico de la descompensacidn en la insuficiencia cardiaca aguda y para monitorizar
la eficacia terapéutica en pacientes con insuficiencia cardiaca. Sin embargo, los péptidos
natriuréticos también pueden utilizarse para el prondstico en pacientes con sindrome

coronario agudo ya que se han asociado con el riesgo de muerte (Figura 8), insuficiencia
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cardiaca aguda e incluso con la fibrilacion auricular y aportan informacién prondstica

mas alld de la troponina cardiaca e, incluso, la escala GRACE (36—39).

14

-
(%)
|

10.9 11.1

6 Month Mortality (%)
o o o

o
1

, | 17 1.9

BNP (pg/ml) <40 >40-<80 >80-<100 >100-<120 >120-<160 >160

Figura 8. Riesgo de mortalidad estratificado por nivel de péptido natriurético tipo B

(BNP) en pacientes con SCASEST tras un seguimiento de 6 meses (38).

1.8. Otros biomarcadores prondsticos de los sindromes coronarios agudos

-Proteina C reactiva de alta sensibilidad

La inflamacion juega un papel fundamental en todas las fases de la aterosclerosis
y, por consiguiente, en la obstruccién coronaria y el IAM. La proteina C reactiva se
considera un reactante de fase aguda y un marcador inflamatorio inespecifico. La
proteina C reactiva es capaz de predecir el IAM, el ictus, la enfermedad arterial periférica
y la muerte subita cardiaca entre personas aparentemente sanas (40). Ademas, en el
contexto de un sindrome coronario agudo, la proteina C reactiva es capaz de predecir la

muerte, el IAM vy la insuficiencia cardiaca (41).
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-Interleucina 6

Al igual que la proteina C reactiva, la interleucina-6, es un biomarcador de
inflamacidn y esta relacionado con todo el proceso fisiopatolégico de la arteriosclerosis.
En el contexto de un sindrome coronario agudo la interleucina-6 se eleva y, de hecho,
los pacientes con mayores elevaciones de interleucina-6 en el contexto de un sindrome

coronario agudo se han relacionado con eventos adversos en el seguimiento (42).
-Galectina 3

La Galectina-3 tiene un papel destacado en la inflamacidon crénica y se ha
implicado en el desarrollo de diversas patologias, incluidas las cardiopatias. La Galectina-
3 se ha asociado a la dilatacion del ventriculo izquierdo y se ha mostrado como un
biomarcador prondstico en pacientes con insuficiencia cardiaca. Ademas, se ha asociado
a la formacién, desestabilizacidén y ruptura de la placa aterosclerética. Y, en pacientes
con sindrome coronario agudo, se ha asociado con eventos adversos en el seguimiento,

sobre todo con la disfuncién ventricular y la incidencia de insuficiencia cardiaca (43,44).

-Copeptina

La copeptina es un péptido glicosilado de 39 aminoacidos que forma la parte C-
terminal de la prohormona vasopresina. La copeptina se ha utilizado juntamente con las
troponinas cardiacas para descartar con mayor seguridad la presencia de un IAM de
forma rapida. Ademas de su funcién diagnéstica, la copeptina se ha identificado como
un predictor independiente de mortalidad total en pacientes con insuficiencia cardiaca
con fraccion de eyeccion reducida. Asimismo, en el contexto de un sindrome coronario

agudo, la copeptina se ha asociado con la mortalidad (45,46).

-Pro-adrenomedulina regional media

La adrenomedulina es un potente vasodilatador sintetizado en la médula
suprarrenal, las células endoteliales, el corazén y otros lugares en respuesta a la
sobrecarga de presion y volumen. La pro-adrenomedulina regional media se ha
identificado como un biomarcador prometedor y es capaz de pronosticar la mortalidad
en pacientes con insuficiencia cardiaca isquémica. Ademas, las concentraciones

plasmaticas elevadas de la pro-adrenomedulina regional media estan fuertemente
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asociadas con factores de riesgo cardiovascular cldsicos y la cardiopatia isquémica e
incluso se ha identificado como biomarcador prondstico de mortalidad e insuficiencia

cardiaca en el contexto de un sindrome coronario agudo (47,48).

-Proteina plasmatica A asociada al embarazo

La proteina plasmatica A asociada al embarazo es una metaloproteinasa,
originalmente identificada en mujeres embarazadas, que induce la activacién del factor
de crecimiento derivado de la insulina 1 que a su vez promueve la inflamacion y
absorcién de lipidos que pueden contribuir a la aterogénesis e inestabilidad de la placa.
Diversos estudios han relacionado la concentracidn de proteina plasmatica A asociada
al embarazo con eventos isquémicos recurrentes y mortalidad en pacientes con

sindrome coronario agudo (Figura 9) (49,50).
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Figura 9. Incidencia de muerte cardiovascular (CVD) o infarto de miocardio (Ml) en
funcion de la concentracidn de proteina plasmatica A asociada al embarazo (PAPP-A)

en pacientes con sindrome coronario agudo (50).
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- Supresion soluble de tumorigenicidad (sST2)

La proteina de supresion de tumorigenicidad 2 (ST2) es miembro de la familia de
receptores de interleucina-1 con dos formas: la forma transmembrana y la forma
soluble. La ST2 ha demostrado tener una alta expresidon en pacientes con IAM vy a
concentraciones elevadas es un predictor de eventos cardiacos adversos. Ademas, los
niveles séricos elevados de ST2 se correlacionan positivamente con la interleucina-33 y
los péptidos natriuréticos y todos estos biomarcadores son predictores independientes
de eventos cardiacos adversos mayores (MACE; por sus siglas en inglés de major adverse
cardiovascular events) en pacientes con IAM en los que se realizd intervencionismo
coronario percutaneo. Ademas, ST2 es capaz de aportar informacién prondstica

relevante en pacientes con insuficiencia cardiaca (45,51).

1.9. Stromal cell derived factor 1

Durante el sindrome coronario agudo se produce dafio celular e incluso muerte
celular de los cardiomiocitos. Este proceso activa una respuesta inflamatoria que induce
la produccion de citocinas y otras vias de sefializacién que atraen a los leucocitos (en
especial a los neutréfilos y los macréfagos) hacia el tejido dafiado. Asi, se produce la
limpieza de los detritos celulares y de la matriz extracelular mientras se van activando
las vias de sefalizacién que conduciran a la reparacion del tejido(52). En este escenario
Stromal cell derived factor 1 (SDF-1; también conocido como CXCL-12), y sus receptores
CXCR4 y CXCR7, juegan un papel importante(53). SDF-1 es una quimiocina de la familia
CXC (contiene la secuencia Cys-X-Cys en su extremo-C terminal) que se expresa en
cardiomiocitos, fibroblastos, células endoteliales, células de musculo liso, plaquetas y
leucocitos(54,55). Tiene dos receptores conocidos: el receptor CXCR4 vy, el de mayor
afinidad, CXCR7 (también conocido como ACKR3) ambos receptores tipo 7 dominios
transmembrana acoplados a proteina G(56). SDF-1 se expresa en diferentes tejidos en
respuesta a la hipoxia celular a través de la activacion del factor inducible por la hipoxia-
1(54,57). De hecho, la expresion de SDF-1 en el miocardio se aumenta tras sufrir un

IAM(55). En estos tejidos isquémicos SDF-1 actia como un agente quimiotatico para
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células progenitoras hematopoyéticas creando asi un ambiente favorable para la

reparacion celular(58).

Por todo esto se pensd que SDF-1 podria tener un papel significativo en la

reparacion miocardica tras un IAM y se llevaron a cabo diversos estudios

experimentales, principalmente en animales, para probar esta teoria. Estos estudios

demostraron que SDF-1 producia unos efectos beneficiosos en el proceso reparativo del

corazdn tras un IAM(55,59). Ademas, se publicd que unos niveles altos de SDF-1 en el

miocardio isquémico conducia a una mejoria de la funcion cardiaca(59,60). Sin embargo,

los estudios clinicos en humanos con sindrome coronario agudo correlacionaban las

concentraciones elevadas de SDF-1 con un peor prondstico a corto plazo(61,62). Por

tanto, parece haber informacidn, a priori, discordante entre los estudios y una falta de

estudios clinicos con seguimiento a largo plazo.

1.10. GDF-15

El factor de crecimiento diferenciado 15 (GDF-15; por sus siglas en inglés de

Growth Differentiation Factor-15) es un miembro de la superfamilia de citoquinas del

factor de crecimiento transformante-B(63) que parece participar en la regulacion del

peso corporal y la ingesta de alimentos actuando a través de la familia de factores

neurotroéficos derivados de la linea de célula glial (64,65). En condiciones fisioldgicas,

GDF-15 se expresa débilmente en una amplia variedad de células y tejidos, excepto en

la placenta, donde se produce y secreta en grandes cantidades (66). Sin embargo, la

expresion de GDF-15 aumenta en el miocardio, la placa arterioesclerdtica y otros tejidos

como resultado de la inflamacién, el estrés oxidativo y la lesidn tisular (67,68). En

modelos experimentales con animales GDF-15 protege del dano cardiaco por su efecto

protector contra la inflamacion, la apoptosis y la hipertrofia (69—71). Asi y todo, el

significado bioldgico del aumento de GDF-15 en el corazén humano sigue sin estar claro

debido a la falta de conocimiento de las vias de sefializacién que impulsa sus acciones

(72).

En humanos, se ha observado una mayor prevalencia de factores de riesgo

cardiovascular y mayor incidencia de morbimortalidad cardiovascular en aquellos
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sujetos con concentraciones circulantes de GDF-15 elevadas (73-77). En el contexto de
un sindrome coronario agudo la presencia de niveles elevados de GDF-15 fue predictor
de mortalidad por cualquier causa, IAM, insuficiencia cardiaca y sangrado mayor no
relacionado con cirugia de bypass aortocoronario en el seguimiento a corto plazo (78—
83) pero con datos limitado a largo plazo (84,85). De hecho, este escenario ha sido
recogido en un reciente metanalisis (86) en el que muy pocos estudios proporcionan
resultados a largo plazo. Ademas, sélo dos estudios aportaron datos sobre la incidencia
de insuficiencia cardiaca en un seguimiento de dos afios y con alta heterogeneidad entre

ellos.

1.11. SUPAR

El receptor soluble del activador de plasmindgeno tipo uroquinasa (suPAR; por
sus siglas en inglés de soluble urokinase plasminogen activator receptor) es un
biomarcador de inflamacién de bajo grado liberado a la circulacién sanguinea por la
escision de uPAR (87,88). uPAR es una proteina ligada a la membrana celular que se
expresa en varios tipos de células tales como células inflamatorias, células endoteliales,
células del musculo liso o los podocitos (88—90). Este receptor, tanto en su forma unida
a la membrana y como en su forma soluble, se ha relacionado con la via de activacién
del plasmindgeno, la sefializacion celular a través de integrinas, la adhesion celular, la
migracién y la proliferacion celular (88,90). De hecho, estos mecanismos se han
relacionado con la aterogénesis, la progresion de la aterosclerosis y la desestabilizacidon
de la placa (91,92). Ademas, suPAR esta involucrado en la patogenia de la enfermedad
renal ya que concentraciones elevadas de suPAR se han asociado con una mayor
incidencia de enfermedad renal crénica y con la disminucién de la funcion renal (93).
Como biomarcador prondstico suPAR se ha relacionado con el cancer, las enfermedades
cardiovasculares y la mortalidad por todas las causas en poblaciones presuntamente
sanas (94-97). Ademas, en pacientes afectados por una patologia aguda, por
enfermedad renal crénica o por enfermedad cardiovascular las concentraciones
elevadas de suPAR también se han relacionado con resultados adversos (98-101). Sin
embargo, hay informacién limitada sobre el valor prondstico a largo plazo de suPAR en

el contexto de un sindrome coronario agudo (98).
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2. HIPOTESIS

49



UNIVERSITAT ROVIRA I VIRGILI
BIOMARCADORES CON IMPLICACION PRONOSTICA A LARGO PLAZO EN LOS SINDROMES CORONARIOS AGUDOS
Oscar Manuel Peird Ibafiez

50



UNIVERSITAT ROVIRA I VIRGILI
BIOMARCADORES CON IMPLICACION PRONOSTICA A LARGO PLAZO EN LOS SINDROMES CORONARIOS AGUDOS
Oscar Manuel Peird Ibafiez

HIPOTESIS

Hipotesis fundamental

La deteccion de concentraciones plasmaticas elevadas de SDF-1, GDF-15 o suPAR
en pacientes ingresados por sindrome coronario agudo favorece la identificacion de
sujetos con mayor riesgo de mortalidad por cualquier causa durante un seguimiento a

largo plazo.

Hipotesis secundarias

Los pacientes ingresados por sindrome coronario agudo que tienen niveles
plasmaticos elevados de SDF-1, GDF-15 o suPAR presenta mayor riesgo de MACE

durante un seguimiento a largo plazo.

Al ingreso por sindrome coronario agudo aquellos sujetos que presentan
concentraciones plasmaticas elevadas de SDF-1, GDF-15 o suPAR experimentan con

mayor frecuencia nuevos episodios de IAM durante un seguimiento a largo plazo.

La deteccidén niveles plasmaticas elevados de SDF-1, GDF-15 o suPAR en
pacientes ingresados por sindrome coronario agudo permite identificar aquellos
pacientes con mayor riesgo de sufrir insuficiencia cardiaca durante un seguimiento a

largo plazo.
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OBJETIVOS

Objetivo principal

Analizar la capacidad de SDF-1, GDF-15 y suPAR para pronosticar la mortalidad a largo

plazo en pacientes que ingresan por un sindrome coronario agudo.

Objetivos secundarios

1. En el contexto de un sindrome coronario agudo, evaluar la informacién
prondstica que aporta SDF-1, GDF-15 y suPAR para predecir la ocurrencia de

MACE tras un seguimiento a largo plazo.

2. Determinar silas concentraciones plasmaticas de SDF-1, GDF-15 y suPAR durante
un sindrome coronario agudo permiten pronosticar, a largo plazo, el reingreso

por IAM.

3. Analizar el valor de SDF-1, GDF-15 y suPAR como biomarcador prondstico a largo
plazo de insuficiencia cardiaca en pacientes ingresados por un sindrome

coronario agudo.
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4.1. Poblacion y metodologia del estudio

Los tres trabajos presentados se caracterizan por ser estudios observacionales y
retrospectivos que incluyeron de forma consecutiva pacientes ingresados en el Hospital
Universitario Joan XXIII por sindrome coronario agudo y a quienes se les realizé una
coronariografia. El primero de los trabajos incluyé a pacientes en el periodo
comprendido entre enero 2011 y mayo 2013. Los dos estudios restantes incluyeron

pacientes entre enero 2011 y diciembre de 2014.

El diagndstico de IAM se realizé de acuerdo con la Definicidn Universal de infarto
de miocardio de 2012(102). Siguiendo las guias de practica clinica de la Sociedad
Europea de Cardiologia, la angina inestable se defini6 como la presencia de sintomas
compatibles con sindrome coronario agudo en reposo o con un minimo esfuerzo en
ausencia de necrosis de cardiomiocitos(103). Para clasificar y tratar a los pacientes con
angina inestable, IAMSEST e IAMCEST también se utilizaron los criterios propuestos por
las guias de practica clinica de la Sociedad Europea de Cardiologia. Por tanto, solo fueron
incluidos pacientes con IAM tipo 1 y se excluyeron a los sujetos con otro tipo de IAM
segun los criterios de la Definicion Universal de infarto de miocardio. Ademas, se
excluyeron aquellos pacientes extranjeros en los fuera imposible realizar un

seguimiento ulterior.

Durante el ingreso hospitalario se recogieron los datos demograficos, los factores
de riesgo cardiovascular, los antecedentes médicos, el tratamiento ambulatorio, los
sintomas previos y los hallazgos clinicos en el ingreso (exploracién fisica, datos
analiticos, caracteristicas de la anatomia coronaria, fraccién de eyeccién del ventriculo

izquierdo y diagndstico al alta hospitalaria).

El filtrado glomerular estimado se calculd con el valor al ingreso de la creatinina
sérica utilizando la formula Chronic Kidney Disease Epidemiology Collaboration y se
definio la presencia de insuficiencia renal si el filtrado glomerular estimado era inferior
a 60 mL/min/1.73m?. Las determinaciones de troponina | cardiaca se realizaron
mediante técnica de inmunoensayo (Troponin I-Ultra, Advia Centaur, Siemens
Healthineers, Erlangen, Germany). Como describe el fabricante el limite inferior de

deteccién es de 0,006 pg/L, el percentil 99 de referencia es 0,040 pg/L y puede ser
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detectada hasta 50 pg/L (con un coeficiente de variacion del 8%). La fraccién de eyeccidn

del ventriculo izquierdo se calculd 24-48 horas antes del alta hospitalaria utilizando el

método de Simpson. Se definié una fraccion de eyeccion del ventriculo izquierdo < 40%

como reducida en grado moderado-severo. Se consideré estenosis significativa de tres

vasos si existian obstrucciones superiores al 70% en las tres arterias coronarias

principales. El Syntax Score | fue calculado por un cardidlogo intervencionista utilizando

la calculadora del Syntax Score. Se establecido un Syntax Score moderado o alto si la

puntuacion Syntax Score era mayor o igual a 23 puntos. Ademas, se calculd el score

GRACE 1.0 y se definié una puntuacién moderada-alta si presentaban una puntuacion

mayor o igual a 100 en pacientes con IAMCEST y mayor o igual a 89 en el resto de los

pacientes.

4.2. Determinacion de SDF-1, GDF15 y suPAR

Se recogieron muestras sanguineas en tubos de EDTA durante la realizacion de

la coronariografia. Posteriormente las muestras fueron procesadas en el Biobanco del

Instituto de Investigacidn Sanitaria Pere Virgili del Hospital Universitario Joan XXIII. Se

centrifugaron las muestras sanguineas obteniendo el plasma y este se almacend en

alicuotas que se conservaron a -80°C hasta su posterior andlisis. Para realizar la

determinacion de los biomarcadores se descongelaron las alicuotas, asi todas las

alicuotas fueron congeladas y descongeladas en una Unica ocasidn. Las concentraciones

de los diferentes biomarcadores se analizaron de la siguiente manera:

- SDF-1

Las concentraciones plasmaticas de SDF-1 se determinaron mediante técnica

ELISA (Human CXCL12/SDF1 a Quantikine ELISA SixPak, R&D Systems, MN, USA). Segin

la descripcion del fabricante, el limite inferior de deteccién es de 18 pg/mL. Los

coeficientes de variacion intraensayo e interensayo fueron 4,2%

respectivamente.
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- GDF-15

Los niveles plasmaticos de GDF-15 se analizaron mediante técnica ELISA (Elecsys
GDF-15, Roche Diagnostics, Basel, Switzerland). Segun la informacidon técnica del
fabricante el limite inferior de deteccion es de 400ng/L y el limite superior de 20000ng/L.
El coeficiente de variacion intraensayo e interensayo fueron <0,9% y <2,3%,

respectivamente.
- SUPAR

Las concentraciones plasmaticas de suPAR se determinaron mediante técnica
ELISA (suPARnostic AUTO Flex ELISA; ViroGates, Birkergd, Denmark). Segun las
especificaciones técnicas del fabricante el limite inferior de deteccion es de 0,1 ng/mLy

el coeficiente de variacién intra e interensayo fue de 2,8% y 9,2% respectivamente.

Asimismo, durante todo el proceso de determinacion de los biomarcadores, los
investigadores desconocian las variables clinicas y de seguimiento de los pacientes para
asegurar una obtencion de los valores plasmaticos ciegos a cualquier otra variable de

estudio.

4.3. Seguimiento y variable de resultado principal

En los tres estudios se realizdé un seguimiento a largo plazo. Especificamente, en
el primer estudio un seguimiento maximo de 5 afios y en el segundo y tercer estudio un
seguimiento maximo de 6,5 afios. La mortalidad y los reingresos hospitalarios se
identificaron mediante la revisidn de los registros médicos electréonicos o bien mediante
contacto telefénico. Para reducir sesgos el investigador que realizé la adjudicacion de
los eventos durante el seguimiento desconocia los resultados analiticos de los

biomarcadores.

En el primer estudio, la variable de resultado principal fue la mortalidad por
cualquier causa. También se analizd6 un combinado de eventos adversos
cardiovasculares y cerebrovasculares mayores (MACCE; por sus siglas en inglés de major

adverse cardiovascular and cerebrovascular events) formado por la mortalidad por
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cualquier causa, el reingreso por IAM vy el reingreso por ictus. Asimismo, se estudiaron

los eventos del compuesto de forma individualmente.

En el segundo y tercer estudio, la variable de resultado principal también fue la
mortalidad por cualquier causa. Ademas, se evalu6 el reingreso por IAM y, por otro lado,
el reingreso por insuficiencia cardiaca. Con las tres variables analizadas (mortalidad

total, IAM e insuficiencia cardiaca) se formd y analizé un compuesto MACE.

4.4. Andlisis estadistico

En todos los estudios las variables categoricas se expresaron en numeros vy
porcentajes y las variables continuas en medianas y rangos intercuartiles. En las
comparaciones de las variables categodricas se utilizod la prueba del Ji cuadrado mientras
gue para las variables continuas se realizé la prueba de Kruskal-Wallis. Para estudiar la
relacion entre las concentraciones de los biomarcadores y los eventos a largo plazo se

categorizd la poblacidn de estudio de la siguiente manera:
: Primer estudio

En el primer estudio se categorizd la poblacién por terciles de SDF-1. Como los
pacientes del primer y segundo tercil presentaban caracteristicas basales y eventos a
largo plazo similares se decidié comparar el tercer tercil (SDF-1 > 3315,545 pg/ml)

respecto el combinado del primer y segundo tercil (SDF-1 < 3315,545 pg/ml).
- Segundo estudio

En el segundo estudio se agrupod a la poblacion segun la concentracién de GDF-
15 en tres grupos de riesgo propuesto en publicaciones previas. Por tanto, se define un
grupo de baja concentracion (GDF-15 < 1200 ng/L), un grupo intermedio (GDF-15 1200
— 1800 ng/L) y otro de concentracién elevada (GDF-15 > 1800ng/L).

- Tercer estudio

En el tercer estudio se buscé el punto de corte éptimo de suPAR para la muerte
por todas las causas (indice de Youden) mediante el analisis de curva la caracteristica

operativa del receptor (ROC; de sus siglas en inglés de receiver operating characteristic)
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y, posteriormente, se dividio la poblacion de estudio en dos grupos alrededor de dicho
punto de corte. Asi, se establecid un grupo con baja concentracion de suPAR (< 2,6

ng/mL) y otro de alta concentracién (= 2,6 ng/mL).

El andlisis de supervivencia se realizd con el método de Kaplan-Meier y la
comparacion entre grupos mediante el log-rank test. Para determinar si las diferentes
concentraciones de los biomarcadores se asociaban con los eventos adversos en el
seguimiento se analizé mediante regresién de Cox tanto univariable como multivariable.
En el andlisis multivariable se utilizaron todas aquellas variables relevantes a nivel clinico
y las variables que presentaron significacion estadistica en el analisis univariante. Para
el estudio de los eventos de IAM, insuficiencia cardiaca e ictus se realizé un andlisis de
riesgo competitivo mediante el método de Gray y se incluyé el evento de mortalidad
como riesgo competitivo. Finalmente, para estimar la capacidad de mejora en la
prediccién de la mortalidad por cualquier causa a largo plazo se construyd un modelo
clinico y se analizé su capacidad predictiva antes y después de anadir el biomarcador
mediante el analisis de la curva ROCy la mejoria de la reclasificacion y la discriminacién

(mediante el método descrito por Pencina et al.).

Todos los andlisis estadisticos fueron realizados mediante el programa
estadistico STATA 14.2 (StataCorp, College Station, Texas, USA) y se considerd una

diferencia estadisticamente significativa si p < 0,05.

4.5. Consideraciones éticas

Todos los estudios fueron aprobados por el comité ético local y cumplieron con
los preceptos de la Declaracion de Helsinki. Ademas, todos los pacientes dieron

consentimiento escrito para la participacion en dichos estudios.
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5.1. Primer studio

Stromal cell derived factor-1 and long-term prognosis in acute coronary

syndrome

Peiréd OM, Farré N, Cediel G, Bonet G, Rojas S, Quintern V, et al. Biomark Med.
2019;13(14):1187-1198.
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Stromal cell derived factor-1 and long-term
prognosis in acute coronary syndrome
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Aim: To explore long-term prognostic value of SDF-1 in acute coronary syndrome (ACS). Materials & meth-
ods: We included 254 patients with ACS. Plasma SDF-1 was measured and patients were classified into
tertiles of SDF-1. Results: Multivariate analysis showed third tertile of SDF-1 as an independent predictor
of all-cause death (HR: 2.5; 95% CI: 1.2-5.2; p = 0.011) and the composite of major adverse cardiovascular
and cerebrovascular events (HR: 1.8; 95% Cl: 1.1-3.1; p = 0.031). SDF-1 added to a clinical model can im-
prove all-cause death prediction (net reclassification improvement 0.362; 95% Cl: 0.423-0.681; p = 0.027).
Conclusion: SDF-1 is an independent predictor of all-cause mortality and major adverse cardiovascular
and cerebrovascular events in long-term follow-up of patients with ACS and adds prognostic information
beyond traditional cardiovascular risks factors.

First draft submitted: 31 March 2019; Accepted for publication: 11 July 2019; Published online:
27 September 2019

Keywords: acute coronary syndrome » biomarker e heart failure « long-term e myocardial infarction e NSTEMI
prognosis  STEM| e stromal cell derived factor-1 e unstable angina

Biomarkers play a critical role in diagnostic, prognostication and decision-making in cardiovascular medicine.
Beyond the established prognostic value of cardiac troponin in the setting of acute coronary syndrome (ACS), there
is an intense search for cardiovascular biomarkers that might add to the prognostic information obtained from
troponin.

Cardiomyocyte injury and death generate an inflammatory response that induces the production of cytokines,
chemokines and other inflammatory signals, which recruit leukocytes (especially neutrophils and macrophages)
to the damaged tissue. This leads to the clearance of cellular and matrix detritus while reparative pathways are
activated [1]. In this setting SDF-1 (also known as CXCL-12), and its receprors CXCR4 and CXCR7 play an
important role [2. SDF-1 is a CXC chemokine expressed in several tissues in response to hypoxia through activation
of hypoxia-induced facror-1 [3,4]. In fact, SDF-1 expression is upregulated in the heart after myocardial infarcrion fs).
In those ischemic tissues, SDF-1 acts as a chemoattractant for hemartopoietic cells and creates a stem cell-artracting
environment [6]. Based on these dara, experimental studies have been performed to prove the regenerative role
of SDF-1 in the heart by attracting stem cells. These studies have shown that SDF-1 exerts beneficial effects on
the reparative process after myocardial infarction f5,7]. In addition, it has been reported that high SDF-1 levels in
ischemic myocardium leads to improved myocardial function [7,8]. However, there are discordant data about the
role of SDF-1 in ischemic heart disease and a lack of reports on long-term prognosis. Some clinical follow-up
studies correlate high levels of SDF-1 in ACS (9,10 with adverse short-term prognosis. Therefore, the aim of our
study was to analyze the influence of SDF-1 on the long-term prognosis in patients admitted with ACS.
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Materials & methods

Study setting

The Joan XXIII University Hospital is a tertiary hospital located in South Europe (Tarragona, Spain). The Biobank
of the Pere Virgili Health Rescarch Institute, registered in the National Biobank Network, processes, stores and
manages human biological samples from the Joan XXIIT University Hospital.

Study population

We included patients with ACS admitted to our hospiral from January 2011 to May 2013, who underwent a
caronary angiography. Acute myocardial infarction was diagnosed according to the current universal definition of
myocardial infarction [11]. Following the European Sociery of Cardiology Guidelines, unstable angina was defined
as the presence of ACS symptoms ar rest or with minimal exertion in the absence of cardiomyocyte necrosis [12].
To classify and trear the study partients in ST-segment elevation myocardial infarction (STEMI), non-ST-segment
elevation myocardial infarcrion (NSTEMI) and unstable angina, we also used the current European Society of
Cardiology guidelines criteria. We excluded parients who suffered a different type of myocardial infarcrion than
type 1 according the universal definition of myocardial infarcrion and those foreign residents that were impossible
to follow-up. Hospirtal Joan XXIII is the only hospiral in our region capable of doing angiograms and percuraneous
coronary intervention. Hence, many parients were only treated ar the hospiral during the acute phase and were
followed-up by their local cardiologist after discharge. Therefore, most of these patients were not included as they
were difficult to follow-up.

During hospiral admission, baseline demographics, cardiovascular risks factors, medical history, ambularory
treatment, previous symproms and clinical characreristics during admission (physical examinarion, laborarory
findings, coronary angiography informarion, left ventricular ejection fraction [LVEF] and diagnostic ar discharge)
were collected. The estimared glomerular filtration rate was calculated by using the value of creatinine ar admission
with the Modification of Diet in Renal Disease study equation. Chronic kidney disease was defined as an estimated
glomerular filtration rate of <60 ml/min/1.73 m [2). Cardiac troponin I levels were measured by using the same
immunoassay (Troponin I-Ultra, Siemens, Advia Centaur, Erlangen, Germany). As described by the manufacrurer,
the detection upper limit was 50 ng/ml and the lower limit was 0.006 ng/ml. The 99th percentile for normal was
0.039 ng/1 or below (coetficient of variation of <10%). LVEF was measured within 2448 h before discharge by
using Simpson’s methodology. A moderate to severe reduction of IVEF was defined as LVEF <40%. Significant
three vessels stenosis was defined as an obstruction >70% in the three main coronary arteries. Syntax Score [ was
calculated by an experienced interventional cardiologist by using the Syntax Score calcularor. An intermediare or
high SYNTAX Score was defined as a score of 23 or more [13. Similarly, the Global Registry of Acute Coronary
Events (GRACE) score was calculated. An intermediate or high GRACE score was defined as a score =100 in
patients with ST-segment myocardial infarctionand >89 in the remaining patients [14). We also registered deaths and
all complications during hospital admission. These complications were defined as worsening of Killip classification,
mechanical complication, second (Mobitz IT) or third degree auriculoventricular block, stroke, major hemorrhage,
new myocardial infarction or cardiac arrest.

SDF-1 analysis

Blood samples were collected into EDTA tubes during coronary angiography from the radial artery. Samples
were obtained in a median time of 48 h (interquartile range: 24-96 h). After the sample was centrifuged, plasma
aliquots of the sample were stored at -80°C unril analysis. Human plasma SDF-1 concentrations were measured
by the enzyme-linked immunosorbent assay method (Human CXCL12/SDF1 a Quantikine ELISA SixPak, R&D
Systems, MN, USA). As described by the manufacrurer, the lower limit of detection was 18 pg/ml. The mean
intra-assay and interassay coefficients of variance were 4.2 and 4.1%, respectively.

Follow-up & outcomes
Patients were followed for events for a maximum of 5 years. Deaths and hospital readmissions were identified by
telephone interview and/or review of electronic medical records.

The primary outcome of this study was all-cause death. A secondary outcome was the composite of major
adverse cardiovascular and cerebrovascular events (MACCEs), which were identified as all-cause death, nonfatal
myocardial infarction and stroke. Individual secondary outcomes were nonfatal myocardial infarcton, admission
for heart failure or stroke.

1188
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Statistical analysis

Categorical variables are expressed as numbers and percentages, whereas continuous variables are expressed as
the median and interquartile range. Comparisons of categorical data were performed with ¥ tests, whereas
numerical data were analyzed with the Kruskal-Wallis test. The optimal SDF-1 cut-off point for receiver operating
characteristic (ROC) curves was defined. To study the relationship between SDF-1 and outcomes, SDF-1 was
categorized into tertiles. As patients with SDF-1 levels in the first and second tertiles were similar in basal
characteristics and outcomes (Supplementary Tables 1-3), we decided to compare patients in the third terrile versus
the combined patients of the first and second tertiles. Survival probabilities of SDF-1 rertiles were estimated by the
Kaplan—Meier method and compared with the Log-rank test. To determine if the third tertile of SDF-1 was an
independent predictor of primary and secondary end points, univariable and mulrivariable Cox regressions were
performed with the backward stepwise procedure. Mulrivariable Cox regression analyses included the following
variables: age, medical history of myocardial infarction, diaberes mellitus, chronic kidney disease, intermediare
or high GRACE score, troponin I peak (logarithm transformed), significant three vessels stenosis, LVEF <40%
ar discharge, discharge diagnostic of NSTEMI, diagnostic of unstable angina and third terrile of SDF-1. The
proportional hazards assumprion was analyzed by Schoenfeld residuals. Multicollinearity was searched by calculating
the variance inflation factor. For heart failure, stroke and myocardial infarction relared hospiralization during follow-
up, all-cause dearh was included in all the analyses as a competing risk, and the Gray method was used. Cumularive
incidence curves by using the competing risk model were performed. Finally, to estimate the ability of SDF-1 o
improve long-term risk prediction of all-cause death beyond to a clinical model, we performed ROC curve analyses
and the Hosmer-Lemeshow test. The dlinical model includes age, GRACE score and LIVEF <40% at discharge,
and was compared with the same clinical model adding troponin I peak and the clinical model with SDF-1 (both
logarithms transformed). We also calculared the continuous ner reclassificarion improvement. Differences were
considered staristically significant ar p <0.05. STATA 14.2 (StaraCorp, College Station, TX, USA) was used for
statistical analysis.

Ethics
The study was approved by the local ethical commirttee and complies with the Declaration of Helsinki. All patients
gave written consent for their parricipation in this study.

Results

Baseline characteristics

A total of 254 patients were included in the study. The median (interquartile range) age was 63.8 (55.4—73.9) years
and 67 (26.38%) were female. Of all patients, 61.02% were admitted with NSTEMI, 23.23% with STEMI and
15.75% with unstable angina. The median SDF-1 value was 3025.6 pg/ml and groups of SDF-1 were defined
as first tertile (SDF <2798.687 pg/ml), second tertile (SDF >2798.687 pg/ml and SDF <3315.545 pg/ml)
and third tertile (SDF >3315.545 pg/ml). Patients with higher values of SDF-1 were associated with older
age, hypertension, use of statins and comorbidities such as chronic kidney discase and peripheral arterial disease
(Table 1 & Supplementary Table 1). In addition, they were more likely to have atrial fibrillation/flutter, worse
Killip-Kimball class and renal impairment atr admission. Despite reduction in IVEF <40% and significant three
vessels stenosis was increased in patients with higher values of SDE-1, no differences were found in complications
and death during hospiralization and discharge diagnostic (Table 2 & Supplementary Table 2).

Primary end point

During 5 years of follow-up (mean follow-up of 4.4 [SD = 1.3] years), 40 patients died. Of those patients, 13 (7.7%)
were in the first and second SDF-1 tertiles and 27 (31.8%) were in the third tertile (Figure 1 & Supplementary
Table 3). Higher values of SDF-1 were associated with an increased risk of all-cause death (unadjusted hazard ratio
[HR]: 4.9; 95% CI: 2.5-9.5; p < 0.001). After adjustment for a multivariate Cox regression model, the third
tertile of SDF-1 was still independently associated with a higher risk ofall-cause death (adjusted HR: 2.5; 95% CI:
1.2-5.2; p = 0.011; Table 3). Even more, if we remove patients with LVEF <40%, SDF-1 also was an independent
predictor of all-cause death (adjusted HR: 3.4; 95% CI: 1.5-7.8; p = 0.004).
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Table 1. Demographics, cardiovascular risk factors, medical history and ambulatory treatment.

Variable oOverall (n = 254) 1° and 2* tertile (n = 169)  3° tertile (n = 85) p-value
Demographics

Age (years) 63.8 (55.4-73.9) 62.8 (53.7-69.8) 69.6 (58.2-79.1) =0.001
Male sex 187 (73.6) 127 (75.2) 60 (70.6) 0.436

Cardiovascular risk factors

Current smoker 86 (33.9) 66 (39.1) 20 (23.5) 0.014
Hypertension 173 (68.1) 106 (62.7) 67 (78.8) 0.009
Diabetes mellitus 99 (39.0) 62 (36.7) 37 (43.5) 0.291
Hypercholesterolemia 149 (58.7) 96 (56.8) 53 (62.4) 0.397
Obesity (BM1 =30 Kg,ﬂ’mz} 63 (27.9) 38 (24.7) 25(347) 0.117
Medical history

Myocardial infarction 58 (22.8) 33 (19.5) 25 (20 4) 0.077
Heart failure 2(0.8) 201.2) 0(0.0) 0.314
Cerebrovascular disease 18 (7.1) 9(5.3) 9{10.6) 0.123
Peripheral arterial disease 27 (10.6) 1307 14 (16.5) 0.032
Chronic kidney disease 21 (8.3) 5(3.0) 16 (18.8) =0.001
PCI 38 (15.0) 25 (14.8) 13 (15.3) 0.916
Cardiac surgery 7(2.8) 3(1.8) 4 (4.7) 0.178

Ambulatory treatment

Acetylsalicylic acid 100 (39.4} 61 (36.1) 39 (45.9) 0.132
Other antiplatelet drugs 46 (18.1) 25 (14.8) 21 (247) 0.053
Oral anticoagulant 5(2.0) 2(1.2) 3(3.5) 0.204
B blockers 79 (31.1) 48 (28.4) 31(36.5) 0.190
ACE inhibitors 67 (26.4) 50 (29.6) 17 (20.0) 0.102
ARBs 40 (15.8) 23 (13.8) 17 (20.0) 0.187
MRASs 5 (2.0} 3(1.8) 2(2.4) 0.754
Diuretics 62 (24.4) 34 (20.1) 28 (32.9) 0.025
Oral antidiabetic drugs 54 (21.3) 35 (20.8) 19 (22.4) 0.781
Insulin 26 (10.2) 14 (8.3) 12 (14.1) 0.148
Statins 120 (47.2) 70 (41.4) 50 (58.8) 0.009

Data represent the number {percentage) or median {interquartile range).
ACEL Angiotensin-converting enzyme rate; ARB: Angiotensin || receptor blocker; MRA: Mineralocorticoid receptor antagonists.; PCl: Percutaneous coronary intervention;

All-cause death MACCE
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Figure 1. All-cause death and major adverse cardiovascular and cerebrovascular events (all-cause death, nonfatal myocardial infarction
and stroke) cumulative survival in patients with SDF-1 tertile 1-2 and SDF-1 tertile 3.
MACCE: Major adverse cardiovascular and cerebrovascular events.
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Table 2. Clinical characteristics during admission.
Variable Overall (n =254) 1° and 2° tertile (n = 169) 3" tertile (n = 85) p-value

Previous symptoms

Angina previous month 59 (23.2) 38 (22.5) 21(24.7) 0.692
Angina in the previous 24 h 93 (36.6) 64 (37.9) 29 (34.1) 0.558
Physical examination at admission

Systolic arterial pressure (mmHg) 140 (126-154) 141 (128-155) 134 (115-153) 0.057
Atrial fibrillation/flutter 10 (3.9) 1 (0.6} 9(11.0) =0.001
Killip class =1 21(8.3) 9 (5.3) 12 {14.1) 0.016
Laboratory findings at admission

Glycemia (mg,dl) 122 (100-166) 120 (100-166) 128 (100-168) 0418
eGFR (ml/min per 1.73 m?) 83 (66-103) 88 (75-106) 66 (47-92) =0.001
LDL cholesterol {mg/dl} 100 (78-118) 103 (79-121) 96 (75-115) 0.102
HDL cholesterol (mg/dl) 37 (31-44) 37 (33-44) 37 (29-44) 0507
Troponin | peak (ng/ml) 2.2 (0.2-19.9) 1.7 (0.1-19.6) 3.2(0.2-19.9) 0.474
GRACE score

Intermediate or high GRACE 158 (62.2) 92 (54.4) 66 (77.7) <0.001

Coronary angiography

Significant three vessels stenosis 60 (23.9) 33 (19.6) 27 (32.5) 0.024
Intermediate or high Syntax Score 50 (20.0) 30 (17.8) 20 (24.7) 0.199
PCl 161 (64.1) 110 (65.5) 51 (61.5) 0318
LVEF at discharge

LVEF <40% 28 (11.0) 12(7.1) 16 (18.8) 0.005

Complications during hospitalization
Complications 42 (16.5) 26 (15.4) 16 {18.8) 0.486
Death during hospitalization 2(o8) 1(0.6) 1(1.2) 0619

Discharge diagnostic

STEMI 59 (23.2) 41 (24.3) 18 (21.2) 0.583
NSTEMI 155 (61.0) 98 (58.0) 57 (67.1) 0.162
Unstable angina 40 (15.8) 30 (17.8) 10 (11.8) 0216

Data represent the number {percentage) or median (interquartile range)
eGFR: Estimated glomerular filtration rate; GRACE: Global Registry of Acute Coronary Events; LVEF: Left ventricle ejection fraction; PCI: Percutaneous coronary intervention;
STEMI: 5T elevation myocardial infarction; NSTEMI: Non-ST elevation myocardial infarction.

Table 3. Hazard ratios associated with all-cause death in univariate and multivariate Cox regression analysis.

Variables Univariate Cox regression Multivariate Cox regression

HR (95% ClI) p-value HR (95% CI) p-value
Age 1.08 (1.05-1.12} <0.001 1.08 (1.04-1.12) =0.001
Diabetes mellitus 1.64 (0.98-3.05) 0.056 - -
Previous myocardial infarction 2.03 (1.07-3.86) 0.030 - -
Chronic kidney disease 3.88 (1.85-8.16) <0.001 - -
GRACE score 1.03 (1.02-1.04) =0.001 - -
Troponin | peak 1.13 (1.00-127) 0.048 - -
Significant three vessels stenosis 1.87 (0.97-3.59) 0.062 - -
LVEF <40% 4.47 (2.27-8.81) =<0.001 3.67 (1.76-7.64) 0.001
NSTEMI 2.40 (1.14-5.05) 0.021 - -
Unstable angina 0.13 (0.02-0.92) 0.041 0.12 (0.02-0.90) 0.039
Third tertile SDF-17 4.90 (2.53-9.50) =0.001 2.53 (1.24-5.16) 0.011

TGlobal registry of acute coronary event score
HR: Hazard ratio; GRACE: Global Registry of Acute Coranary Events; LVEF: Left ventricle ejection fraction; NSTEMI: Nen-5T elevation myocardial infarction.
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Figure 2. Cumulative incidence of readmission for myocardial infarction and heart failure in patients with SDF-1 tertile 1-2 and SDF-1.

Secondary end points

A composite of major cardiovascular and cerebrovascular events was analyzed during follow-up. In this way, 64
events of MACCEs were observed. Of those patients, 30 (17.8%) were in first and second SDF-1 rerriles and
34 (40.0%) were in the third tertile (Figure 1 & Supplementary Table 3). An unadjusted analysis of these data
showed that the third tertile of SDF-1 had an increased risk of MACCEs (unadjusted HR: 2.7; 95 %: CI 1.7-4.5;
p < 0.001). This excess risk was partially diminished, but still significant, after adjustment for a multivariate Cox
regression model (adjusted HR: 1.8; 95% CI: 1.1-3.1; p = 0.031).

A total of 42 patients suffered a new myocardial infarction during follow-up (23 [13.6%)] patients in the first
and second SDF-1 tertiles and 19 [22.4%)] in the third tertile; Figure 2 & Supplementary Table 3). Although there
was a higher percentage of myocardial infarction in the third tertile, the univariate competing risk regression did
not reach a statistically significant association. During the follow-up, only seven patients had a stroke, three (1.8%)
patients in the first and second SDF-1 tertiles and four (4.7%) in the third tertile. This low incidence of stroke led
to a nonsignificant association between the third tertile of SDF-1 and stroke. Finally, 12 patients developed heart
failure during follow-up (four [2.4%] patients in the first and second SDF-1 terriles and eight [9.4%] in the third
tertile; Figure 2 & Supplementary Table 3). Patients with higher values of SDF-1 had an increased risk of heart
failure in the univariate analysis (unadjusted competing risk HR: 4.1; 95% CI: 1.2-13.5; p = 0.021). However,
the multivariate competing risk analysis led to a nonsignificant association berween the third tertile of SDF-1 and
heart failure.

Analysis of ROC curves & SDF-1 risk prediction

The best SDF-1 cut-off poinr for the prediction of all-cause death was 3410.0 pg/ml (area under the curve 0.697;
sensitivity 61%; specificity 78%). ROC curves were performed to determine whether SDF-1 could improve long-
term risk prediction of all-cause death. C-statistics were 0.828 (95% CI: 0.760-0.895) for clinical model, 0.846
(95% CI: 0.785-0.908) for clinical model with SDF-1 and 0.829 (95% CI: 0.759—0.899) for clinical model with
troponin peak. C-statistics analysis showed nonsignificant differences in the clinical model alone compared with
the clinical model with SDF-1 (p = 0.386) or troponin peak (p = 0.919). Overall net reclassification improvement
showed a significant improvement of risk prediction between the clinical model alone compared with the clinical
model with SDF-1 (0.362; 95% CI: 0.423-0.681; p = 0.027). This benefit of risk prediction was nonsignificant
between the clinical model alone compared with the clinical model with peak troponin (0.116; 95% CI: -0.207—
0.439; p = 0.481; Figure 3).

Discussion
To the best of our knowledge, this is the first study to demonstrate SDF-1 as an independent predictor of all-cause
mortality and MACCE:s in long-term follow-up of patients admitted with ACS. Our dara also showed that SDF-1

1192 Biomark. Med. (2019) 13(14) future science group

73



UNIVERSITAT ROVIRA I VIRGILI
BIOMARCADORES CON IMPLICACION PRONOSTICA A LARGO PLAZO EN LOS SINDROMES CORONARIOS AGUDOS
Oscar Manuel Peird Ibafiez

RESULTADOS
SDF-1 & long-term prognosis in ACS  Research Article
1.00 H
0.754
z
2
‘m 0.50-
=
&
0.25+
0.00
T T T T T
0.00 025 0.50 0.75 1.00
1 - specificity
Model AUC (95% CI) HL (p-value) NRI (95% CI; p-value)
Clinical — 0.828 (0.760-0.895)  6.81 (0.557)
Clinical + Tnl — 0.829 (0.759-0.899) 5.69 (0.682) 0.116 (-0.207-0.439; p = 0.481)
Clinical + SDF-1— 0.846 (0.785-0.908) 702 (0.534) 0.362 (0.423-0.681; p = 0.027)

Figure 3. Discrimination ability, calibration and risk category net reclassification improvement of the clinical model
for predicting all-cause death alone and with troponin | or SDF-1. The clinical model includes age, GRACE score and
left ventricular ejection fraction =40% at discharge.

AUC: Area under the curve; HL: Hosmer-Lemeshow; NRI: Net reclassification improvement.

added to a clinical model can improve all-cause death prediction after an ACS. However, SDE-1 was not associated
with development of myocardial infarction, stroke and heart failure during the follow-up.

SDF-1 is a CXC chemokine expressed in cardiomyocytes, fibroblasts, endothelial cells, smooth muscle cells,
platelets and leukocytes [4,5]. It has two known seven transmembrane-spanning receptors; the G protein-coupled
receptor CXCR4 and the higher affinity recepror CXCR7 (also known as ACKR3) [15]. Interestingly, serum levels
of SDF-1 rise on the setting of a STEMI [16}, NSTEMI [10] and unstable angina [17]. In this context, the expression
of CXCR4 and CXCR7 was also found to be upregulated [15).

As mentioned above, SDF-1 has been related to the healing process after an acute myocardial infarction based
on its ability to attract stem cells, protect against apoptosis and promote angiogenesis [3,5,19). In fact, animal
experiments artificially augmenting SDF-1 levels on infarcted myocardium have been conducted. In those studies,
a reduction of infarct area and improvemenr of cardiac function was seen [5,7,19-22). Similar results were also found
after overexpression of CXCR4 (23] or CXCR7Y 2] in the ischemic myocardium. Despite these encouraging results
in animal experiments, human trial STOP-HF results were less impressive. In that study, a plasmid of SDF-1
that increased SDF-1 expression was delivered via endomyocardial injection into the peri-infarct area to patients
with ischemic hearr failure. Unfortunarely, the primary end poinr, a composite score of 6-min walk disrance and
quality-of-life questionnaire, was not met and only the subgroup of patients with worse left ventricular ejection
fraction showed a statistical improvement of myocardial function [24].

In this view, our findings could be interpreted as unexpected. Nevertheless, human observational studies have
linked high SDF-1 levels after an acute myocardial infarction with worse prognosis. Fortunato er 2/ described
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SDF-1 as a predictor of a combined end point of death, acute myocardial infarction and new-onset heart failure in
patients admitted with an acute myocardial infarction after 1 year of follow-up [9]. Regarding partients with unstable
angina and NSTEMI, Tong ez al. reported high levels of serum SDE-1 as a predictor of left ventricular remodelling,
death, myocardial infarction and heart failure after 18 months of follow-up (10]. In this study, SDF-1 was positively
correlated with concentration of N-proBNE hs-CRP and cardiac troponin I peak; however, in the mulrivariable
analysis, SDF-1 was an independent predictor of adverse outcomes. Rath ez 2/ measured platelet surface expression
of SDF-1 in patients with stable and acute coronary disease and followed-up during 1 year for events demonstrating,
SDF-1 as a predictor of a composite end point of all-cause death, myocardial infarction or ischemic stroke, and the
secondary end point of all-cause death (25]. Unlike previous reports, our population study was represented in the
same study with all types of ACS. Moreover, this is the first study to demonstrate that high concentrations of plasma
SDF-1 in the setting of an ACS as an independent predictor of all-cause mortality and MACCE:s after 5 years of
follow-up. We also demonstrared that SDF-1 added to a clinical model can improve all-cause death risk prediction
afteran ACS. Even more this slightly but significant improvement was not seen in the dlinical model with troponin.
Following Pencina er af. [26] studies on C-statistic and reclassification, this SDF-1 improvement could be missed
with sole reliance on the C-statistic. Ghasemzadeh er 4/ [27) also found an association between elevated SDF-1
concentration and adverse cardiovascular long-term outcomes (mean follow-up: 2.6 years). However, only 7% of
the popularion included in this study had an acute myocardial infarction unlike our study where all patients were
admitted with an ACS.

Despite there being a trend roward myocardial infarction at the highest values of SDF-1, we could nor find
that SDF-1 was an independent predictor of myocardial infarction. Similarly, development of heart failure during
follow-up was more frequent at higher values of SDF-1, but not startistically significant. In our study, we also
observed higher SDF-1 concentrations in LVEF <40% and Killip class <1. Therefore, following our observations
and the previous report by Tong ef a/. [10], these nonsignificant results on heart failure were probably due to the
low rate of events. According to the findings of Rath ez 4/ in short-term prognosis [25], we found no association of
SDF-1 with stroke. In other human observational studies, chronic release of SDF-1 (6 months) after myocardial
infarction has been reported and associated with left ventricular adverse remodeling (28). In fact, high levels of
SDF-1 in patients with chronic ischemic heart disease were linked to secondary events [20]. Even more, genetic
polymorphisms of locus 10q11 (close to the SDF-I gene) were associated with higher levels of plasma SDF-1 [30]
and with coronary artery disease [31].

As we know by Jackson es al (32 study, SDF-1 not only induces proliferation, hypertrophy and collagen
production of cardiac fibroblasts burt also of renal microvascular smooth muscle cells and glomerular mesangial
cells explaining its relationship with kidney disease. In our study, 21 patients had prior chronic kidney disease. In
those patients, there was higher prevalence of elevated SDF-1 concentrations. Even more, at admission patients on
third tertile of SDF-1 had an increase prevalence of renal impairment. Therefore, SDF-1 was related with chronic
kidney disease. However, SDF-1 was an independent predictor of adverse outcomes even after adjustment by
chronic kidney disease. It is important to notice that there was no multicollinearity among variables included in the
multivariable Cox regression analysis. Similar findings in relation with renal impairment were seen in other studies
of SDF-1 and cardiovascular adverse events. SDE-1 was an independent predictor after adjustment by chronic
kidney disease or renal impairment at admission (10,27,29]. In addition, in a cohort of patients with chronic kidney
disease, higher values of SDF-1 predicted myocardial infarction and death (33] and in the Framingham Heart Study,
SDF-1 was associated with heart failure and death 34].

Alrogether, there is contradictory information from animal experiments versus human observations because a
healing related chemokine has been identified as a biomarker of adverse outcomes. Despite there not being a
valid explanation for this scenario, some hypotheses need to be highlighted. SDF-1 has been related to myocardial
fibrosis by enhanced proliferation of cardiac fibroblasts and production of collagen, facilitating worse cardiac
remodeling [32). Furthermore, it is highly expressed in atherosclerotic plaques and related to the pro-thrombortic
environment (35). In another way, there is an idea that patients having higher levels of SDE-1 are due to larger
infarcts and by that reason had a worse prognosis, but this must be taken with caurtion since we saw contradicrory
findings. In our study, there were no differences in baseline characteristics in SDF-1 tertiles based on the type
of infarct and woponin I peak. Conversely, there was a higher proportion of significant three vessel stenosis and
left ventricular dysfunction. Despite all that, SDF-1 was an independent predictor of all-cause death, even if we
remove patients with larger infarcts (LVEF <40%). Stellos er 4/, (36 found plasma to be significantly decreased in
patients with STEMI which is counterintuitive if we think in bigger infarct reflects in higher SDF-1 concentration.
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The following factors may influence Stellos’ finding: 1) STEMI samples were taken carlier than NSTEMI and
SDF-1 peak did not reach 2) increased binding of SDF-1 and its receptors in STEMI 3) cohorr size. Another
hypothesis is that NSTEMI and stable angina pectoris presents a higher inflammatory burden than STEMI (more
acutely presentation). As we mentioned, we did not find differences between in SDF-1 concentrations in STEMI,
NSTEMI and unstable angina. As there are very few published papers with patients presenting in the same cohort
the three types of ACS, our findings need to be confirmed by another larger studies.

Regarding extension of SDF-1 half-life in plasma by using DPP4 inhibitors, large randomized clinical trials
and meta-analysis have failed to show the benefits in cardiovascular disease (37, and have even been related to an
increase in heart failure (38). Although our study did not focus on DPP4 trearment, SDF-1 was nort associated
with antidiabetic treatment. Finally, it is necessary to focus on the CXCR4 and CXCRY7 role for understanding
SDF-1 actions. The SDF-1/CXCR#4 axis has been linked with regenerative pathways after myocardial infarction.
However, overexpression of CXCR4 is relared to higher inflammarory cell recruitment, producrion of TNFa and
apoptotic environment (39]. Similarly, it was reported that CXCR4 heterozygous mice (CXCR4 [+/—]) had a
reduction of infarct area compared with wild-type mice due to a reduction of inflammatory cells [40). On the other
hand, CXCR7 plays a key role in the heart by promoting endothelial proliferation and angiogenesis. Interestingly,
Hao er al reported that CXCR7 deletion mice showed increased infarct area with a reduction of vascular density,
in addition to intercurrent elevated SDF-1 levels. Furthermore, after treating mice with a CXCR7-agonist and a
CXCRé4-antagonist, they showed a reduction in infarct size [2]. Therefore, all of the above reflects a complex, and
not completely understood, relationship berween the actions of SDF-1 and the interactions with its receptors. In
this sense, more research is necessary to advance the knowledge of its receptors in humans and, thus, be able ro
develop targeted therapies to favor tissue regeneration after acute myocardial infarction. What we do know, and this
work contributes to this, is that SDF-1 measured in plasma during ACS gives us powerful prognosis information
in the short and long term.

Limitations

Our study had the following limitations. It is a one-centered observational study with a relatively small sample size.
We only measure SDF-1 once ar the time of coronary angiography during admission, so we are unaware of the
kinetics of SDF-1 in the acute phase of ACSs and if the time between symptoms onset and sample extraction have
an influence on the results. Similarly, the possible chronical release of this biomarker has not been established. After
hospiral discharge and during follow-up, treatment of patients was unknown and their influence on the ourcomes
cannot be identified.

Conclusion

In conclusion, this is the first study to show thar high levels of SDF-1 in patients admitted with ACS correlate with
an adverse prognosis in long-term follow-up. SDF-1 is an interesting biomarker that adds prognostic information
to traditional risk factors. To facilitate this, larger studies are needed to determine the exact value on a risk scale
along with other risk factors.
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To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/sup
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Summary points

e SDF-1 acts as a chemoattractant for hematopoietic cells and creates a stem cell-attracting environment.
e Some clinical follow-up studies correlate high levels of SDF-1 in acute coronary syndrome.
e There are discordant data about the role of SDF-1 in ischemic heart disease and a lack of reports on long-term

e SDF-1is an independent predictor of all-cause mortality and MACCEs in leng-term follow-up of patients with ACS

prognosis.

The aim of our study was to analyze the influence of SDF-1 on the long-term prognosis in patients admitted with
acute coronary syndrome.

We included 254 patients with ACS who underwent coronary angiography. Plasma SDF-1 was measured by the
enzyme-linked immunosorbent assay method.

Patients were divided into tertiles of SDF-1 and comparisons of the third tertile versus the combined first and
second tertiles were done.

SDF-1 was identified as an independent predictor of long-term all-cause death and the composite of major
adverse cardiovascular and cerebrovascular events.

SDF-1 added to a dlinical model can improve long-term all-cause death prediction.

No significant associations were found in the incidence of myocardial infarction, heart failure and stroke.

and add prognostic information beyond traditional cardiovascular risks factors.

References
Papers of special note have been highlighted as: o of interest; e of considerable interest

1.

Frangogiannis NG. Regulaxion of the ini:]armnatm'},r response in cardiac repair. Gire. Res. 110(1), 159-173 (2012).

2. HaoH, Hu §, Chen H er al. Loss of endothelial CXCR7 impairs vascular homeostasis and cardiac remodeling after myocardial
infarction: ]mplicaﬂons for cardiovascular drug discovery. Circularion 135(15), 12531254 (2017).

oo Shows CXCR7 is expressed in injured arteries and that endotheli pecific deletion of CXCRY impairs postmyocardial
infarction survival, heart function and remodeling.

3. Ghadge SK, Miihlstedt S, Ozcelik C, Bader M. SDF- la as a therapeutic stem cell homing factor in myocardial infarction. Pharmacal.
Ther 129(1), 97-108 (2011).

4. Charterjee M, Gawaz M. Platelec-derived CXCL12 (SDF-la): basic mechanisms and dinical implications. /. Thromb.
Haemose. 11(11), 1954-1967 (2013).

5. HuX, Dai$, Wu W ez al. Stromal cell derived factor-1 confers protection against myocardial ischemia /reperfusion injury: role of the
cardiac stromal cell derived factor-1 CXCR4 axis. Cireularion 116(6), 654—663 (2007).

e  One of the first animal studies which demonstrated the protective role of SDF-1.

6. Aiut A, Webb 1], Bleul C, Springer T. New mechanism to explain the mobilization of CD34* progenitors to peripheral blood. /. Exp.
Med 185(1), 111-120 (1997).

7. Saxena A, Fish JE, White MD er af. Stromal cell-derived factor-1a is cardioprotecti\'e after myocardial
infarciion. Cirealarion 117(17), 2224-2231 (2008).

8. Segers VEM, Tokunou T, Higgins L], MacGillivray C, Gannon ], Lee RT. Local delivery of protease-resistant stromal cell derived
factor-1 for stem cell recruitment after myocardial infarcrion. Circularion 116(169), 1683—1692 (2007).

9. Fortunato O, Spinetti G, Specchia C, Cangiano E, Va|gimig|i M, Madeddu P. Migratory activity of circul ating progenitor cells and
serum SDF-1a predict adverse events in patients with myocrdial infarcton. Cardievase. Res. 100(2), 192-200 (2013).

oo One of the first human studies which demonstrated SDF-1 as a short-term predictor of adverse events in patients with
myocardial infarction.

10. Tong G, Wang N, Zhou Y, Leng J. Role of stromal cell-derived factor-1 in patients with non-ST elevation acute coromary syndrome. Jnr.
Heare . 55(3), 219-227 (2014).

oo Showed SDF-1 as a short-term predictor of adverse cardiovascular events in patients with non-ST-elevation acute coronary
syndrome.

11. Thygesen K, AlpErtJS, Jaffe AS er al. Third universal definition of myocardial infarction. Eur. Hearr J. 33(20), 2551-2567 (2012).

12, Roffi M, Patrano C, Collet JP er al. 2015 ESC guideﬁnes for the management of acute coronary syndrornes in patients presenting
without persistent ST-segment elevation. Eur. Hearr [. 37(3), 267-315 (2016).

1196 Biomark. Med. (2015) 13(14) future science group

77



UNIVERSITAT ROVIRA I VIRGILI
BIOMARCADORES CON IMPLICACION PRONOSTICA A LARGO PLAZO EN LOS SINDROMES CORONARIOS AGUDOS
Oscar Manuel Peird Ibafiez

RESULTADOS

SDF-1 & long-term prognosis in ACS  Research Article

13. Serruys P, Morice M-C, Kappetein AP ¢ al. Percutaneous coronary intervention versus coronary-artery bypass grafting for severe
coronary artery disease. [V, Eng{. . Med, 360(10), 961-972 (2009).

14. Tang EW, Wong CK, Herbison P. Global Registy of Acute Coronary Events (GRACE) hospirtal discharge risk score accurately predicts
long-term mortality post acute coronary syndrome. Am. Hearz J. 153(1), 29-35 (2007).

15. Balabanian K, Lagane B, Infantino S er 2l The chemokine SDF-1/CXCLI12 binds to and signals through the orpl:an receptor RDC1 in
T lymphocytes. J. Biol, Chem. 280(42), 3576035766 (2005).

16. Chang L, Yuen C, Sun C eral. Role of stromal cell-derived factor-1ot, level and value of c,ilt,ulaxing interleukin- 10 and endothelial
progenitor cells in patients with acute myocardial infarction undergoing primary coronary angioplasty. Cire. . 73(6), 1097-1104 (2009).

17. Stellos K, Bigalke B, Langer H ¢t al. Expression of stromal-cell-derived factor-1 on circulating platelets is increased in patients with acute
coronary syndrome and correlates with the number of CD34% progenitor cells. Euwr.Heart . 30(5), 584-593 (2009).

18. RathD, Chatterj ee M, Borst O eral. Expression of stromal cell-derived factor-1 receptors CXCR4 and CXCR7 on c,irculaxing pl.atelel;s of

patients with acute coronary syndrome and association with left ventricular functional recovery. Eur. Hearr J. 35(6), 3863894 (2014).

19.  Elmadbouh I, Haider HK, Jiang S, Idris NM, Lu G, Ashrat M. Ex vive delivered stromal cell-derived factor-10t promates stem cell
homing and induces angiomyogenesis in the infarcted myocardium. J. Mol Cell Cardial 42(4), 792-803 (2007).

20. Tang], Wang |, Song H eral Adenovirus-mediated stromal cell-derived factor-1 alpha gene transfer improves cardiac structure and
function after expeﬂmenl:al myoc,arclial infarction through angiogenic and antifibrotic actions. Mel. Bisl Rep. 37(4), 1957-1969 (2010).

21. Askari AT, Unzek S, Popovic ZB er al. Effect of stromal-cell-derived factor-1 on stem cell homing and tissue regeneration in ischaemic
cardiomyopathy. Lancer 362(9385), 697-703 (2003).

22, Ziegler M, Elvers M, Baumer Y er al. The bispecific SDF1-GPVI fusion protein preserves myocardial function after transient ischemia in
mice. Cirenlation 125(5), 685-696 (2012).

23. Tang YL, Zhu W, Cheng M eral. Hypoxic preconditoning enhances the benefir of cardiac progenitor cell therapy for trearment of
myocardial infarction by inducing CXCR4 expression. Cire. Res. 104(10), 1209-1216 (2009).

24. Chung ES, Miller L, Patel AN et al. Ch:mges in ventricular remodelling and clinical status dm‘ing the year ﬁ)llowing a single
administration of stromal cell-derived factor-1 non-viral gene therapy in chronic ischaemic heart failure patients: the STOP-HF
randomized Phase Il wial. Eur Hearr . 36(33), 2228-2238 (2015).

25. Rath D, Chatterjee M, Bongartz A er al. Platelet surface expression of SDF-1 is associated with dlinical outcomes in the patients with
cardiovascular disease. Plarelers 28(1), 34-39 (2017).

26. Pencina MJ, I’'Agostino RB Sr, D'Agostino RB Jr, Vasan RS. Evaluating the added predictive ability of a new marker: from area under
the ROC curve to redassification and beyoncl. Searr. Med, 27(2), 157-172 (2008).

27. Ghasemzadeh N, Hritani AW, De Staercke C ez al. Plasma stomal cell-derived factor 1o/CXCL12 level predicts long-term adverse
cardiovascular outcomes in patients with coronary artery disease. Arberosclerosis 238(1), 113-118 (2015).

es  Demonstrated that SDF-1 predicts long-term adverse cardiovascular events in patients undergoing coronary angiography.

28. Uematsu M, Yoshizaki T, Shimizu T e s/, Sustained myocardial production of stromal cell-derived factor-1at was associated with lefc
ventricular adverse remodelling in patients with myocardial infarction. Am. [ Physiol. Hear. Circ. Physiol. 309(10), 1764-1711 (2015).

os  Showed that production of SDF-1 in infarcted myocardium in the chronic phase of myocardial infarction is associated with left
ventricular adverse remodeling and progressive dysfunction.

29. Marsuoka S, Uematsu M, Nakamura T er a/. High levels of stromal cell-derived facror-1a predict secondary cardiac events in stable
patients with a history of myocardial infarction. . Cardiol 69(1), 320-325 (2017).

ee  SDF-1 predicts adverse events in patients with prior myocardial infarction.

30. Mehta NN, Li M, William D er a/. The novel atherosclerosis locus ar 10q11 regulates plasma CXCLI2 levels. Eur. Heare
J 32(8), 963-971 (2011).

31. Samani NJ, Erdmann J, Hall AS & a2/ Genomewide association analysis of coronary artery disease. V. Engl. /.

Med. 357(5), 443—453 (2007).

32. Jackson EK, Zl‘jang Y, Gillespie DD, Zhu X, Cl‘teng D, Jackson TC. SDF-1a (stromal cell-derived factor-1at) induces cardiac fibroblasts,
renal microvascular smooth muscle cells, and glomerular mesangial cells to proliferate, cause hypertrophy, and produce collagen. /. Am.
Hearr Assoe. 6(11), 007233 (2017).

33. Mehta NN, Marthews GJ, Krishnamoarthy P et al. Higher plasma CXCL12 levels predict incident myocardial infarction and death in
chronic kidney disease: findings from the Chronic Renal Insufficiency Cohort study the Chronic Renal Insufficiency Cohort (CRIC)
Study Investigators. Eur Hears J. 35(31), 2115-2122 (2014).

es Demonstrated SDF-1 as a predictor of adverse cardiovascular events even in patient with chronic kidney disease.

34. Subramanian §, Liu C, Aviv A er o/ Stromal cell-derived factor-1 as a biomarker of heart failure and mortality risk. Areerioscler Thromb.
Vizse. Biol. 34(9), 2100-2105 (2014).

35. Abi-Younes S, Sauty A, Mach F, Sukhova GK, Libby P, Luster AD. The stromal cell-derived factor-1 chemokine is a potent platelet
agonist highly expressed in atheroscleratic plaques. Cire. Res. 86(2), 131-138 (2000).

future sclence group www futuremedicine.com 1197

78



UNIVERSITAT ROVIRA I VIRGILI
BIOMARCADORES CON IMPLICACION PRONOSTICA A LARGO PLAZO EN LOS SINDROMES CORONARIOS AGUDOS
Oscar Manuel Peird Ibafiez

RESULTADOS

Research Article

Peird, Farré, Cediel et al.

36. Stellos K, Ruf M, Sopova K et all Plasma levels of stromal cell-derived factor-1 in parients with coronary artery disease: effect of clinical
presentation and cardiovascular risk factors. Arherosclerosis 219(2), 913-916 (2011).

37. Savarese G, D'Amore C, Federici M er al. Effects of dipeptidyl peptidase-4 inhibitors and sodium-glucose linked cotransporter-2
inhibitors on cardiovascular events in patients with Type2 diabetes mellicus: a meta-analysis. far. . Cardiol. 220, 595-601 (2016).

38 LIL Li§ DengK eral Dipeptidyl peptidase—4 inhibitors and risk of heart failure in Type2 diabetes: systematic review and
meta-analysis of randomized and observational studies. BMJ 352, 1610 (2016).

39, Chen], Chemaly E, Liang Ler al. Effects of CXCR4 gene transfer on cardiac function after ischemia-repﬂfusion injury. Am. [.
Parhol. 176(4), 1705-1715 (2010).

40.  Liehn EA, Tuchscheerer N, Kanzler I & al. Double-edged role of the CXCL12/CXCR4 axis in experimental myocardial infarction. /.
Am. Coll. Cardiol 58(23), 2415-2423 (2011).

1198 Biomark. Med. (2015) 13(14) future science group

79



UNIVERSITAT ROVIRA I VIRGILI
BIOMARCADORES CON IMPLICACION PRONOSTICA A LARGO PLAZO EN LOS SINDROMES CORONARIOS AGUDOS
Oscar Manuel Peird Ibafiez

RESULTADOS

5.2. Segundo estudio

Long-term prognostic value of growth differentiation factor-15 in acute

coronary syndromes

Peir6 OM, Garcia-Osuna A, Orddfiez-Llanos J, Cediel G, Bonet G, Rojas S, et al.
Long-term prognostic value of growth differentiation factor-15 in acute coronary

syndromes. Clin Biochem. 2019;73:62-69.

80



UNIVERSITAT ROVIRA I VIRGILI
BIOMARCADORES CON IMPLICACION PRONOSTICA A LARGO PLAZO EN LOS SINDROMES CORONARIOS AGUDOS
Oscar Manuel Peird Ibafiez

RESULTADOS

Clinical Biochemistry 73 (2019) 62-69

Contents lists available at ScienceDirect

Clinical Biochemistry

journal homepage: www.elsevier.com/locate/clinbiochem

Long-term prognostic value of growth differentiation factor-15 in acute m
coronary syndromes e

Oscar M. Peir6™”, Alvaro Garcia-Osuna™’, Jordi Ordéfiez-Llanos™", German Cediel®, Gil Bonet™",

Sergio Rojas™”, Verénica Quintern®”, Alfredo Bardaji®”"

* Department of Cardiology, Joan XXIIT University Hospital, Tarragona, Spain

" pere Virgili Health Research Institute, Rovira i Virgili University, Tarragona, Spain

* Department of Clinical Biochemistry, Institute of Biomedical Research, Hospital de la Santa Creu i Sant Pau, Barcelona, Spain
9 Department of Biochemistry and Molecular Biology, Universitat Auténoma, Barcelona, Spain

® Heart Institute, Hospital Universitari Germans Trias { Pujol Badalona, Spain

ABSTRACT

Background: Growth Differentiation Factor-15 (GDF-15) predicts death and cardiovascular events in acute coronary syndromes (ACS). We aimed to assess the long-
term prognostic value of GDF-15 in ACS.

Methods: We included 358 patients with ACS who underwent coronary angiography. Plasma GDF-15 was measured and clinical data and long-term events were
registered. Incremental value of GDF-15 for prognosing all-cause death above a clinical model including GRACE score, left ventricular ejection fraction = 40%, prior
myocardial infarction and age was assessed.

Results: GDF-15 concentrations > 1800ng/L were associated with an increased prevalence of cardiovascular risk factors. During 6.5 years of follow-up 56 patients
died, 7 had values of GDF-15 = 1200 ng/L, 7 between 1200 and 1800 ng/Land 42 > 1800 ng/L. After adjustment for potential confounders, GDF-15 = 1800ng/L
were independently associated with all-cause death (HR 4.09; 95% CI 1.57-10.71; p = .004) and the compasite of major adverse cardiovascular events (MACE) (HR
2.48; 95% CI 1.41-4.34; p = .001). For long-term all-cause death a significant increase of ROC curve was seen after addition of GDF-15 to a clinical model 0.876
(95% CI 0.823-0.928; p = .014). Same improvements were found for net reclassification improvement (0.776; 95% CI 0.494-1.037; p < .001) and integrated
discrimination improvement (0.112; 95% CI 0.055-0.169; p =< .001). Multivariate competing risk model showed a significant association between GDF-
15 = 1800 ng/L and the incidence of heart failure but not of myocardial infarction.

Conclusions: In the setting of ACS, GDF-15 is associated with long-term all-cause death, MACE and heart failure and provides incremental prognostic value beyond
traditional risks factor.

1. Introduction be involved in the regulation of body weight and food intake acting
through the receptor glial cell line-derived neurotrophic factor family

After an acute coronary syndrome (ACS) patients are at high risk of receptor a-like [3,4]. Under physiological conditions GDF-15 is weakly
cardiovascular morbidity and mortality. Although in recent decades expressed by a wide range of cells and tissues except in placenta where
there have been important advances in the treatment of ACS such as is highly produced and secreted [S]. In contrast, GDF-15 increases in

widespread use of dual antiplatelet therapy or angioplasty the man- the myocardium, arteriosclerotic plaque and other tissues as a result of
agement of these patients still is a challenge, especially on the long- inflammation, oxidative stress and tissue injury [6,7]. In experimental
term [1]. In this scenario, biomarkers could play an essential role with animal models, GDF-15 seems to protect against cardiac injury by an
prognostication and therapeutic decision-making. anti-inflammatory, anti-apoptotic and anti-hypertrophic effects [8-10].

Growth Differentiation Factor-15 (GDF-15) is a member of the However, the exact biological significance of GDF-15 increase in human
transforming growth factor-p cytokine superfamily [2] that appears to heart remains unclear due to a lack of knowledge of the signalling

Abbreviations: GDF-15, growth differentiation factor-15; ACS, acute coronary syndromes; MI, myocardial infarction; STEMI, ST-segment elevation myocardial
infarction; NSTEMI, non-ST-segment elevation myocardial infarction; LVEF, left ventricular ejection fraction; GRACE, Global Registry of Acute Coronary Events;
MACE, major adverse cardiovascular events; ROC, receiver operating characteristic; NRI, net reclassification improvement; IDI, integrated discrimination im-
provement
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pathways that drive its actions [11].

An increased in circulating concentrations of GDF-15 has been as-
sociated with higher prevalence of cardiovascular risk factors and
higher incidence of cardiovascular morbidity and mortality [12-16]. In
the setting of an ACS, higher GDF-15 concentrations have been found to
be prognostic of all-cause mortality, myocardial infaretion (MI), heart
failure and non-coronary artery bypass grafting-related major bleeding
mainly in the short-term [17-22] with limited data on the long-term
[23,24] follow-up. In fact, this scenario has been reported in a recent
meta-analysis [25] in which very few studies provide long-term out-
comes. Moreover, only two studies informed congestive heart failure as
outcome with a maximum follow-up of two years and high hetero-
geneity between them. Therefore, the aim of our study was to analyse
the long-term prognostic value of GDF-15 in patients admitted with
ACS.

2. Materials and methods
2.1. Study setting

The Joan XXIIT University Hospital is a tertiary hospital located in
South Europe (Tarragona, Spain). The Biobank of the Pere Virgili
Health Research Institute, registered in the National Biobank Networlk,
processes, stores and manages human biological samples from the Joan
XXIII University Hospital.

2.2. Study population

This is a retrospective observational study that included consecutive
patients admitted to our hospital from January 2011 to December 2014
with ACS who underwent coronary angiography. Acute MI was diag-
nosed according to the 2012 Universal Definition of MI [26]. Following
the European Society of Cardiology guidelines, unstable angina was
defined as the presence of ACS symptoms at rest or with minimal ex-
ertion in the absence of cardiomyocyte necrosis [27]. To classify and
treat the study patients as ST-segment elevation myocardial infarction
(STEMI), non-ST-segment elevation myocardial infarction (NSTEMI)
and unstable angina we also used the current European Society of
Cardiology guidelines criteria. We excluded patients who suffered a
different type of MI than type 1 according the universal definition of MI
and those foreign residents that were impossible to follow-up. Hospital
Joan XXIII is the only hospital in our region capable of doing angio-
grams and percutaneous coronary intervention. Hence, many patients
were only treated at the hospital during the acute phase and were
followed-up by their local cardiologist after discharge. Therefore, of
1083 patients with the diagnosis of ACS and coronary angiography
performed, 358 had a long-term follow-up available.

During hospital admission, baseline demographics, cardiovascular
risks factors, medical history, ambulatory treatment, previous symp-
toms and clinical characteristics during admission (physical examina-
tion, laboratory findings, coronary angiography information, left ven-
tricular ejection fraction [LVEF] and diagnostic at discharge) were
registered. The estimated glomerular filtration rate was calculated with
the Chronic Kidney Disease Epidemiology Collaboration formula.
Impaired kidney disease was defined as an estimated glomerular fil-
tration rate < 60 mL/min/1.73m’ Cardiac troponin 1 concentrations
were measured with an automated immunoassay (Troponin I-Ultra,
Advia Centaur, Siemens Healthineers, Erlangen, Germany). As de-
scribed by the manufacturer, the cardiac troponin I detection limit is of
0.006 ug/L, the 99th reference percentile is of 0.040 pg/L and can be
detected up to 50 pg/L (measured with a coefficient of variation of 8%).
LVEF was measured within 24-48h before discharge by using
Simpson's methodology. A moderate to severe reduction of LVEF was
defined as LVEF < 409%. Significant three vessels stenosis was defined
as an obstruction > 70% in the three main coronary arteries. Syntax
Score T was calculated by an experienced interventional cardiologist by
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using the Syntax Score calculator. An intermediate or high Syntax Score
was defined as a score of 23 or more [28]. Similarly, the Global Registry
of Acute Coronary Events (GRACE) score was calculated. An inter-
mediate or high GRACE score was defined as a score = 100 in patients
with STEMI and = 89 in the remaining patients [29].

2.3. GDF-15 analysis

Blood samples were collected into EDTA tubes during coronary
angiography. After centrifugation, plasma aliquots were stored at
—80°C until analysis. Plasma GDF-15 concentrations were measured
by an electrochemiluminescence immunoassay (Elecsys GDF-15, Roche
Diagnostics, Basel, Switzerland). Laboratory measures were performed
by investigators in a blinded fashion. According to the manufacturer,
the detection limit is of 400 ng/L and the maximum detectable con-
centration of 20,000ng/L. The intra and inter-assay imprecisions
were < 0.9% and < 2.3%, respectively, in a concentration range be-
tween 1100 and 18,600ng/L. As previously reported, GDF-15 con-
centration of 1200 ng/L has been was proposed as the upper limit of
normality in healthy elderly adults [30] and risk categories were de-
fined as low risk (< 1200 ng/L), intermediate (1200-1800 ng/L) and
high risk (> 1800 ng/L) [171.

2.4. Follow-up and outcomes

Patients were followed for events for a maximum of 6.5years.
Deaths and hospital re-admissions were identified by telephone inter-
view and/or review of electronic medical records. Follow-up ad-
judication was performed by an investigator without knowing GDF-15
measurements. Deaths, non-fatal MI and admission for heart failure
were recorded during follow-up.

The primary outcome of this study was all-cause death. A secondary
outcome was the composite of major adverse cardiovascular events
(MACE), which were identified as all-cause death, non-fatal MI and
admission for heart failure. For patients with recurrent events the time
to the first event was recorded. Individual secondary outcomes were
non-fatal MI and admission for heart failure.

2.5. Statistical analysis

Categorical variables are expressed as numbers and percentages
whereas continuous variables are expressed as the median and inter-
quartile range. Comparisons of categorical data were performed with
chi-squared tests whereas continuous data were analysed with the
Kruskal-Wallis test. The optimal GDF-15 cut-off point for all-cause
death was defined by receiver operating characteristic (ROC) curves. To
study the relationship between GDF-15 and outcomes, patients were
categorised into groups according their GDF-15 concentratons
(low < 1200ng/L, medium 1200-1800ng/L, high > 1800 ng/L).
Survival probabilities were estimated by the Kaplan-Meier method and
compared with the Log-rank test. Kaplan-Meier estimates were also
calculated with its confidence interval. To determine if GDF-15 groups
were associated with primary and secondary endpoints, univariable and
multivariable Cox regressions were performed with the backward
stepwise procedure. In the multivariable analysis, clinically relevant
and significant variables in the univariable analysis were included.
Therefore, multivariable Cox regression analyses were adjusted by age,
diabetes mellitus, hypercholesterolemia, medical history of MI and
renal impairment, intermediate or high GRACE score, significant three
vessels stenosis and LVEF < 40% at discharge. The proportional ha-
zards assumption was analysed by Schoenfeld residuals.
Multicollinearity was searched by caleulating the variance inflation
factor. For heart failure and Ml related hospitalization during follow-
up, all-cause death was included in all the analyses as a competing risk,
and the Gray method was used. Cumulative incidence curves by using
the competing risk model were performed. Finally, to estimate the
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ability of GDF-15 to improve long-term risk prediction of all-cause
death beyond to a clinical model that included age, medical history of
MI, GRACE score and LVEF < 40% we performed ROC curve analyses
and the Hosmer-Lemeshow test. The clinical model was compared be-
fore and after adding cardiac troponin I peak and GDF-15 concentra-
tions (both logarithms transformed). We also calculated the continuous
net reclassification improvement (NRI) and integrated discrimination
improvement (IDI) as described by Pencina et al. [31] Differences were
considered statistically significant at p < .05. STATA 14.2 (StataCorp,
College Station, Texas, USA) was used for statistical analysis.

2.6. Ethics

The study was approved by the local ethical committee and com-
plies with the Declaration of Helsinki. All patients gave their written
consent for participation in the study.

3. Results
3.1. Baseline characteristics

A total of 358 patients were included in the study. The median (in-
terquartile range) age was 64.8 (55.6-74.3) years and 260 (72.6%) were
male. Of all patients, 61.5% were admitted with NSTEMI, 24.0% with
STEMI and 14.5% with unstable angina. The median (interquartile
range) GDF-15 value was 1328 (930-2171) ng/L. GDF-15 values below
1200ng/L were observed in 157 patients, between 1200 and 1800ng/L
in 85 subjects and above 1800 ng/L in 116 patients. Patients with higher
values of GDF-15 were associated with older age, cardiovascular risk
factors (hypertension, diabetes mellitus and hypercholesterolemia),
chronic kidney disease and medical history of cardiovascular diseases
(MI, cerebrovascular disease and peripheral arterial disease; Table 1).
During admission they were more likely to have atrial fibrillation/flutter,
worse Killip-Kimball class, renal impairment and higher GRACE score. In
addition, they had an increase incidence of coronary stenosis, ventricular
dysfunction (LVEF < 40%) and complications during hospitalization. An
increased use of statins and lower values of LDL cholesterol were seen
among patients with higher values of GDF-15. Regarding the cardiac
troponin I peak and discharge diagnostic no differences were found. Fi-
nally, only 4 deaths were seen during hospitalization and all of them had
values of GDF-15 above 1800ng/L (Table 2).

3.2. Primary endpoint

During 6.5 years of follow-up (median follow-up of 4.9 [inter-
quartile range 4.2-5.8] years), 56 patients died. Of those patients, 7
(4.9%; 95% CI 2.3%—10.0%) had values of GDF-15 below 1200 ng/L, 7
(15.4%; 95% CI 6.3%-34.6%) between 1200 and 1800ng/L and 42
(44.7%; 95% CI 32.9%-58.6%) above 1800 ng/L (Fig. 1). Only GDF-15
values > 1800 ng/L were associated with an increased risk of all-cause
death (unadjusted HR 10.63; 95% CI 4.77-23.69; p < .001). After
adjustment for potential confounders, higher GDF-15 concentrations
were still independently associated with all-cause death (adjusted HR
4.09; 95% CI 1.57-10.71; p = .004; Table 3).

3.3. Secondary endpoints

A composite of major adverse cardiovascular events was analysed
during follow-up. In this way, 101 events of MACE were observed. Of
those, 24 (17.5%; 95% CI 11.9%—25.4%) events occurred in patients
with low GDF-15 values, 20 (35.4%; 95% CI 22.5%-52.8%) events in
medium values and 57 (53.3%; 95% CI 43.8%-63.4%) in high GDF-15
values (Fig. 1). An unadjusted analysis of these data showed that higher
GDF-15 values (> 1800ng/L) had an increased risk of MACE (un-
adjusted HR 4.36; 95% CI 2.70-7.03; p < .001) while medium values
were not statistically significant (unadjusted HR 1.54; 95% CI
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0.85-2.78; p=.155). This excess risk of higher GDF-15 values was
partially diminished, but still significant, after adjustment for potential
confounders (adjusted HR 2.48; 95% CI 1.41-4.34; p = .001).

A total of 59 patients suffered a new MI during follow-up (20
[14.7%; 95% CI 9.5%—22.3%] patients with low GDF-15 values, 14
[22.5%; 95% CI 13.7%—37.0%] with medium GDF-15 values and 25
[23.9%; 95% CI 16.8%—33.4%] in the higher values; Fig. 2). Although
higher GDF-15 values (> 1800 ng/L) had an increased risk of new MI
(unadjusted competing risk HR 1.89; 95% CI 1.04-3.43; p = .037) the
multivariate competing risk regression did not reach a statistically
significant association.

During the follow-up, 18 patients developed heart failure (0 [0.0%;
95% CI 0.0%—0.0%] patients with low GDF-15 values, 1 [2.4%; 95% CI
0.4%-16.1%] with medium GDF-15 values and 17 [21.2%; 95% CI
12.9%-33.8%] in the higher values; Fig. 2). Univariate competing risk
analysis showed a non-significant association between medium GDF-15
values and heart failure but, on the contrary, higher GDF-15 values had
a significant increase risk of heart failure (unadjusted competing risk
HR 39.53; 95% CI 5.32-293.86; p < .001). After adjustment for po-
tential confounders, the higher GDF-15 values persist associated with
an inereased risk of heart failure (adjusted competing risk HR 30.77;
95% CI 4.09-231.54; p < .001).

3.4. Analysis of ROC curves and GDF-15 risk prediction

ROC curves were performed to determine whether GDF-15 could
improve long-term risk prediction. The best GDF-15 cut-off value for the
prediction of all-cause death was 1759 ng/L (area under the curve 0.826;
sensitivity 78.3%; specificity 76.2%). ROC curve were 0.825 (95% CI
0.766-0.885) for clinical model, 0.826 (95% CI 0.764-0.887) for GDF-15
alone, 0.826 (95% CI 0.766-0.886) for clinical model with cardiac tro-
ponin I peak and 0.876 (95% CI 0.823-0.928) for clinical model in-
cluding GDF-15. ROC curve analysis showed non-significant differences
in the clinical model alone compared to the clinical model with cardiac
troponin I peak (p = .905) or GDF-15 alone (p = .993), however there
was a significant difference compared to the clinical model with GDF-15
(p =.014). Similar pattern was observed for NRI and IDL Overall NRI
showed a significant improvement of risk prediction between the clinical
model alone compared to the clinical model with GDF-15 (0.776; 95% CI
0.494-1.037; p < .001) as also was the case for IDI (0.112; 95% CI
0.055-0.169; p < .001). This benefit of risk prediction was non-sig-
nificant between the clinical model alone compared to the clinical model
with cardiac troponin I peak (NRI -0.128; 95% CI -0.410-0.154;
p =.813; IDI 0.002; 95% CI -0.002-0.006; p = .156). (Fig. 3).

For MACE outcomes ROC curves were 0.749 (95% CI 0.692-0.806)
for clinical model alone and 0.789 (95% CI 0.736-0.842) for clinical
model including GDF-15. Compared to clinical model alone ROC curves
showed a significant improvement after the addition of GDF-15 to the
clinical medel (p = .033). Overall NRI showed a significant improve-
ment of risk prediction between the clinical model alone compared to
the clinical model with GDF-15 (0.582; 95% CI 0.352-0.812; p < .001)
as also was the case for IDI (0.078; 95% CI 0.044-0.113; p < .001).

For heart failure ROC curves were 0.714 (95% CI 0.580-0.849) for
clinical model alone and 0.868 (95% CI 0.803-0.933) for clinical model
including GDF-15. Compared to clinical model alone ROC curves
showed a significant improvement after the addition of GDF-15 to the
clinical model (p = .012). Overall NRI showed a significant improve-
ment of risk prediction between the clinical model alone compared to
the clinical model with GDF-15 (0.943; 95% CI 0.469-1.417;p < .001)
as also was the case for IDI (0.086; 95% CI 0.034-0.138; p = .041).

4. Discussion
In this study, we analysed the power of a single value of GDF-15 to

stratify the risk of adverse events in ACS patients followed during one of
the longest periods reported up to date. We found that GDF-15
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Table 1

Demographics, cardiovascular risk factors, medical history and ambulatory treatment.
Variable GDF-15 Cut-off point (ng/L) P value

Overall (N = 358) =< 1200 (N = 157) 1200-1800 (N = 85) = 1800 (N =116)

Demographics
Age, years 64.8 (55.6-74.3) 58.2 (49.4-64.8) 69.8 (60.2-76.0) 72.4 (64.6-79.4) < 0.001
Male sex 260 (72.6) 122 (77.7) 63 (74.1) 75 (64.7) 0.054
Cardiovascular risk factors
Current smoker 115 (32.1) 67 (42.7) 28 (32.9) 20 (17.2) < 0.001
Hypertension 243 (67.9) 92 (58.6) 56 (65.9) 95 (81.9) < 0.001
Diabetes mellitus 130 (36.3) 38 (24.2) 31 (36.5) 61 (52.6) = 0.001
Hypercholesterolemia 217 (60.6) 83 (52.9) 49 (57.7) 85 (73.3) 0.002
Obesity (BMI = Bﬂkg/mE) 93 (28.5) 39 (27.7) 24 (29.6) 30 (28.9) 0.949
Medical history
Myocardial infarction 80 (22.9) 21 (13.4) 22 (25.9) 37 (31.9) 0.001
Heart failure 4(1.1) 0 (0.0) 1(1.2) 3(26) 0.133
Cerebrovascular disease 21 (5.9) 2(1.3) 4 (4.7) 15 (12.9) = 0.001
Peripheral arterial disease 38 (10.6) 6(3.8) 3(3.5) 29 (25.0) = 0.001
Chronic kidney disease 28 (7.8) 1 (0.6) 3 (3.5 24 (20.7) < 0.001
Pl 51 (14.3) 17 (10.8) 13 (15.3) 21 (18.1) 0.224
Cardiac surgery 8(2.3) 31(19) 2 (2.4) 3(26) 0.929
Ambulatory treatment
Acetylsalicylic acid 139 (38.8) 40 (25.5) 36 (42.4) 63 (54.3) < 0.001
Other antiplatelet drugs 52 (14.5) 14 (8.9) 14 (16.5) 24 (20.7) 0.020
Oral anticoagulant 9(2.5) 2(1.3) 2 (2.4) 5 (4.3) 0.283
Beta blockers 104 (29.1) 38 (24.2) 24 (28.2) 42 (36.2) 0.095
ACE inhibitors 107 (29.9) 46 (29.3) 28 (32.9) 33 (28.9) 0772
ARBs 51 (14.3) 16 (10.2) 10(11.8) 25 (21.6) 0.022
MRAS 7(2.0) 2(1.3) 1(1.2) 4(3.5) 0.368
Diuretics 87 (24.3) 24 (15.3) 22 (25.9) 41 (35.3) 0.001
Oral antidiabetic drugs 80 (22.4) 26 (16.6) 17 (20.00 37 (31.9) 0.009
Insulin 31(8.7) iy 9 (10.6) 19 (16.4) < 0.001
Statins 176 (49.2) 56 (35.7) 43 (50.6) 77 (66.4) = 0.001

Data represent the number (percentage) or median (interquartile range). BMI indicates body mass index. PCI indicates percutaneous coronary intervention; ACE:
angiotensin-converting enzyme; ARBs: angiotensin 1l receptor blockers; MRAs: mineralocorticoid receptor antagonists.

concentrations higher than 1800ng/L were associated with an in-
creased risk of all-cause death, MACE and hospitalization for heart
failure, but not with new admission for MI. Even more, we observed
that GDF-15 had an incremental prognostic value beyond a clinical
model for all-cause death, MACE and heart failure risk. Finally, higher
GDF-15 concentrations in the setting of an ACS were consistently re-
lated with an increased prevalence of cardiovascular risk factors,
medical history of cardiovascular diseases and worse outcomes during
admission. Our results provide updated information on the long-term
prognostic role of GDF-15 in ACS, previously analysed in scenarios with
different standard of care than the currently available.

As mentioned above, previous investigations about GDF-15 have
reported its association with cardiovascular risk morbidity and mor-
tality. Nevertheless, it is unclear which is the main tissue that produce
GDF-15 in patients with cardiovascular disease. For now, it has been
reported that visceral and subcutaneous adipocytes [32] as well as ar-
teriosclerotic plaques [33,34] are a source of GDF-15. In case of patients
with end-stage non-ischaemie dilated cardiomyopathy, cardiac GDF-15
expression is very low suggesting that the increased concentration of
circulating GDF-15 may be produced by peripheral tissues [35]. After
an acute MI GDF-15 is upregulated in the heart [9]. Thus, circulating
GDF-15 level increased significantly after an ACS but the increase has
been reported as slight and unrelated to infarct size [17,19,20]. Con-
sistently with this observation, we found that GDF-15 concentrations
were not associated with cardiac troponin I peak nor with the type of
ACS reflecting their independence of the myocardial damage extension.
In fact, circulating levels of GDF-15 after an ACS have been reported to
remain relatively stable for 6 months, suggesting an underlaying
chronic disease burden [21,23].

In the setting of an ACS, GDF-15 has been related with an increased
risk of all-cause death, MI, heart failure and non-coronary artery bypass
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grafting-related major bleeding after short-term follow-up [17-22].
However, in the long-term follow-up there is a lack of updated in-
formation because most of previous findings were done in a time when
early revascularization or intense secondary prevention with modern
dual antiplatelet therapy, high-dose statins or angiotensin-converting
enzyme inhibitors were not the standard of care [23,24,36,37]. In that
scenario, our study provides a unique and renewed prognostic in-
formation that could be extrapolated to the patients who currently
suffer an ACS. Similar to previous publications our study showed that
higher GDF-15 values were associated with an increased risk of all-
cause death after a long-term follow-up. Of note, we found by ROC
curve a GDF-15 value for death risk of 1759 ng/L quite similar than the
previously reported of 1800ng/L. Nevertheless, there are discordant
data regarding incremental prognostic value of GDF-15 for long-term
mortality risk stratification. Kempf et al. could not find a significant
improvement after addition of GDF-15 to a clinical model in an ACS
cohort [36]. Similarly, in a study with non-ST-elevation ACS patients,
GDF-15 only showed a significant improvement on IDI but not on ROC
curve and NRI [24]. Our study, however, demonstrated that the addi-
tion of GDF-15 over age, previous MI, GRACE score and LVEF < 40%
had an incremental prognostic value with a concordant and significant
improvement on ROC curve, NRI and IDI. Furthermore, GDF-15 pro-
vided better prognostic information than the cardiac troponin I peak. In
that line, Eggers calculated GRACE score in 453 chest pain patients and
demonstrated that its predictive value could be enhanced by GDF-15
[37]. However, unlike our study where all patients suffered an
ACS, < 50% of the patients in the Eggers study had a final diagnosis of
an ACS. In addition, also different from Eggers' study, we evaluated the
incremental prognostic value with NRI and IDI beyond a clinical model
that includes not only GRACE score but age, prior MI and LVEF < 40%.
Based on a population with an acute MI, Skau et al. evaluated GDF-15
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Table 2

Clinical characteristics during admission.
Variable GDF-15 Cut-off point (ng/L) P value

Overall (N = 358) < 1200 (N = 157) 1200-1800 (N = 85) = 1800 (N = 116)

Previous symptoms
Angina previous month 74 (207 29 (18.5) 17 (20.0) 28 (24.1) 0.513
Angina in the previous 24 h 112 (31.3) 51 (32.5) 24 (28.2) 37 (31.9) 0.782
Physical examination at admission
Systolic arterial pressure (mmHg) 139 (121-153) 140 (127-155) 138 (117-150) 134 (120-153) 0.125
Atrial fibrillation/flutter 17 (4.8) 3(1L9) 3(3.5 11 (9.5) 0.012
Killip class = I 38 (10.6) 3(1.9 6(7.1) 20 (25.0) = 0.001
Laboratory findings at admission
Glycemia (mg/dL) 121 (100-166) 113 (98-149) 120 (97-160) 147 (104-218) =0.001
eGFR (mL/min per 1.73m% 84 (63-98) 95 (81-104) 84 (69-93) 60 (42-80) =0.001
LDL cholesterol (mg/dL) 08.2 (77-118) 106.9 (84.5-125.5) 98 (79-117) 86 (67.5-107.5) =0.001
HDL cholesterol (mg/dL) 37 (31-44) 37 (31.5-44) 39 (33-44.5) 37 (20-44.5) 0.269
Cardiac troponin T peak (ng/mL) 3.0 (0.2-21.8) 2.1 (0.2-20.5) 2.8 (0.1-21.0) 3.8 (0.2-25.8) 0.520
GRACE score
Intermediate or high GRACE 228 (63.7) 59 (37.6) 65 (76.5) 104 (89.7) = 0.001
Coronary angiography
Significant three vessels stenosis 82 (22.9) 23 (14.7) 21 (24.7) 38 (32.8) 0.002
Intermediate or high Syntax Score 66 (18.9) 20 (12.9) 16 (19.3) 30 (26.8) 0.017
PCl 248 (69.3) 111 (70.7) 60 (70.6) 77 (66.9) 0713
LVEF at discharge
LVEF = 40% 31 (3.9 7 (4.6) 2249 22 (19.1) = 0.001
Complications during hospitalization
Com plications 50 (14.00 15 (9.6) 6(7.1) 20 (25.00 = 0.001
Death during hospitalization 4(1.1) 0 (0.0) 0 (0.0) 4 (3.5 0.015
Discharge diagnostic
STEMI 86 (24.0) 42 (26.8) 19 (22.4) 25 (21.6) 0.560
NSTEMI 220 (61.5) 93 (59.2) 49 (57.7) 78 (67.2) 0.288
Unstable angina 52 (14.5) 22 (14.0) 17 (20.0) 13 (11.2) 0.211

Data represent the number (percentage) or median (interquartile range). eGFR indicates estimated glomerular filtration rate; LVEF: left ventricle ejection fraction;
PCI: percutaneous coronary intervention; STEME ST elevation myocardial infarction; NSTEMI: non-ST elevation myocardial infarction.

along with other 92 biomarkers in a proximity extension assay chip.
However, there were not an absolute quantification of GDF-15 and the
incremental prognostic value was analysed in combination with other
biomarkers [38]. In a recent investigation by Rueda et al. [39] where
only patients with STEMI were admitted and followed for a median of
3.1 years, the addition of GDF-15 to a clinical model did not increase
discrimination or reclassification. Therefore, our study that includes all
types of ACS and longer follow-up provides relevant information about
GDF-15 prognostic value.
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After an ACS GDF-15 has been associated, not only with all-cause
death, but also with major adverse cardiovascular events. In previous
studies higher GDF-15 value has been related to a combine endpoint of
mortality or new MI [23,24,36]. In that line our study, for the first time,
demonstrated that higher GDF-15 values were associated independently
with long-term all-cause death, new MI or heart failure. Regarding the
GDF-15 association with the incidence of new MI there are contra-
dictory observations. In a meta-analysis, Zang et al. reported a sig-
nificant correlation of GDF-15 with the recurrence of MI only for
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Fig. 1. All-cause death and major adverse cardiovascular events (all-cause death, non-fatal myocardial infarction and heart failure) cumulative survival.
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Table 3

Hazard ratios associated with all-cause death in univariate and multivariate Cox regression analysis.

Clinical Biochemistry 73 (2019) 62-69

Variables Univariate Cox regression Multivariate Cox regression

HR (95% CI) P-Value HR (95% CI) P-Value
Age 1.09 (1.06-1.12) = 0.001 L.06 (1.02-1.09) 0.001
Diabetes mellitus 2.11 (1.25-3.56) 0.005 - -
Hypercholesterolemia 1.94 (1.07-3.51) 0.028 - -
Chronic kidney disease 4.59 (2.46-8.59 < 0.001 - -
Previous myocardial infarction 2,67 (1.57-4.53) < 0.001 1.74 (1.00-3.01) 0.048
Intermediate or high GRACE score 5.22 (2.24-12.18) < 0.001 - -
Significant three vessels stenosis 2.03 (1.17-3.50) 0.011 - -
LVEF < 40% 4,67 (2.49-8.76) = 0.001 3.25 (1.70-7.22) = 0.001
GDF-151200-1800ng/L 1.90 (0.67-5.41) 0.231 - -
GDF-15 = 1800ng/L 10.63 (4.77-23.69) = 0.001 4.09 (1.57-10.71) 0.004

GRACE: Global Registry of Acute Coronary Events score; HR: hazard ratio; CI: confidence interval; LVEF: left ventricle ejection fraction; GDF-15: growth differ-

entiation factor-15.
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follow-up periods longer than one year [40]. Nevertheless, like in our
work, such a clear independent relation has not been found in studies
with follow-up periods longer than one year [23,24,36]. On the other
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ABSTRACT

Purpose: The aim of our study was to analyse the long-term prognostic value of soluble urokinase
plasminogen activator receptor (suPAR) in the setting of an acute coronary syndrome (ACS).

Methods: We included 340 patients with an ACS who underwent coronary angiography and plasma
suPAR concentration was measured. Patients were classified into low suPAR concentrations (<2.6ng/
mL) and high suPAR concentrations (>2.6ng/mL) and long-term events were evaluated. suPAR prog-
nostic value was assessed beyond a clinical model that included age, GRACE score, estimated glomeru-
lar filtration rate, cardiac troponin-| peak and left ventricular ejection fraction <40%.

Results: Higher suPAR concentrations were associated with an increased prevalence of cardiovascular
risk factors. After multivariate adjustment, suPAR >2.6ng/mL were independently associated with an
increased risk of all-cause death (HR 2.3; 95%C| 1.2-4.4; p=_.017), major adverse cardiovascular events
(MACE) (HR 1.7; 95%Cl 1.1-25; p=.020) and heart failure (HR 4.1; 95%Cl 1.3-12.6; p=.015), but not
with myocardial infarction. For long-term all-cause death significant improvement of reclassification
and discrimination were seen after addition of suPAR to a clinical model.

Conclusions: In the setting of an ACS, suPAR is associated with long-term all-cause death, heart failure
and MACE, and provides incremental prognostic value beyond traditional risks factors.
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Introduction Svensson et al. 2008). Additionally, suPAR is involved in the
pathogenesis of kidney disease, and elevated concentrations
have been correlated with incident chronic kidney disease
and decline of renal function (Hayek et al. 2015). As a prog-
nostic biomarker, suPAR has been consistently associated
with cancer, cardiovascular diseases and all-cause mortality
in presumed healthy populations (Eugen-Olsen et al. 2010,
Persson et al. 2012, Lyngbaek et al. 2013a, Borné et al. 2014).
Moreover, in patients affected by an acute illness, chronic
kidney disease and cardiovascular disease, elevated concen-

Prognostic stratification in patients admitted with an acute
coronary syndrome (ACS) is essential to providing efficient
follow-up and guiding intensive treatment to those at high
risk of adverse cardiovascular events. Although numerous
risk factors have been identified in these patients, risk predic-
tion remains a challenge, especially in the long term. In this
scenario, biomarkers could play an important role in prog-
nostication and therapeutic decision-making.

Soluble urokinase plasminogen activator receptor (suPAR)
is a low-grade inflammatory biomarker released into the cir-
culation by the cleavage of uPAR (Wilhelm et al. 1999, Smith
et al. 2010). uPAR is a membrane-linked protein expressed
on several cell types such inflammatory cells, endothelial
cells, smooth muscle cells and podocytes (Wei et al. 2008,
Smith et al. 2010, Hodges et al. 2015). This receptor, in both
its membrane-bound and soluble forms, has been related to
plasminogen activation pathway, cell signalling through
intergrins, cell adhesion, migration and proliferation (Smith
et al. 2010, Hodges et al. 2015). In fact, these mechanisms
have been implicated in atherogenesis, progression of ath-
erosclerosis and plaque destabilisation (Steins et al. 2004,

trations of suPAR have also been related to adverse out-
comes (Lyngbak et al. 2012, Meijers et al. 2015, Rasmussen
et al. 2016, Torino et al. 2018). However, there are limited
data about the long-term prognostic value of suPAR in the
setting of an ACS (Lyngbaek et al. 2012). Therefore, the aim
of our study was to analyse the long-term prognostic value
of suPAR in patients admitted with ACS.

Clinical significance

e Higher suPAR concentrations were related to an increased
prevalence of cardiovascular risk factors and medical his-
tory of cardiovascular diseases.
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e In the setting of an ACS, suPAR is associated with long-
term all-cause death, heart failure and a composite end-
point of MACE.

e suPAR provides incremental prognostic value beyond
traditional risks factors in the long-term all-cause death.

Materials and methods
Study setting

The Joan XXIIl University Hospital is a tertiary hospital located
in South Europe (Tarragona, Spain). The Biobank of the Pere
Virgili Health Research Institute, registered in the National
Biobank Network, processes, stores and manages human bio-
logical samples from the Joan XXIIl University Hospital.

Study population

This is a retrospective observational study that included con-
secutive patients admitted to our hospital from January 2011
to December 2014 with ACS (ST-segment elevation myocar-
dial infarction [STEMI], non-ST-segment elevation myocardial
infarction [NSTEMI] and unstable angina) who underwent
coronary angiography. Acute myocardial infarction (M) was
diagnosed according to the Universal Definition of Ml
(Thygesen et al. 2012). Following the European Society of
Cardiology Guidelines, unstable angina was defined as the
presence of ACS symptoms at rest or with minimal exertion
in the absence of cardiomyocyte necrosis (Roffi et al. 2016).
To classify and treat the study patients in STEMI, NSTEMI and
unstable angina we used the criteria outlined in the current
European Society of Cardiology guidelines. The diagnostics
and treatments were established by the attending cardiolo-
gist following the guidelines mentioned above. We excluded
patients who suffered from a type of Ml other than type 1,
according the universal definition of MI, and those foreign
residents with whom follow-up was impossible. Joan XXl
University Hospital is the only hospital in our region capable
of performing angiograms and percutaneous coronary inter-
vention. Hence, many patients were only treated at the hos-
pital during the acute phase and were followed-up by their

local cardiologist after discharge. Therefore, of 1083 patients
with final diagnoses of ACS and coronary angiography per-
formed, 340 had long-term follow-up and suPAR determin-
ation available (Figure 1). Excluded patients presented similar
baseline demographics, cardiovascular risk factors and med-
ical history (Supplementary material 1).

During hospital admission, baseline demographics, cardio-
vascular risks factors, medical history, ambulatory treatment,
previous symptoms and clinical characteristics during admis-
sion (physical examination, laboratory findings, coronary
angiography information, left ventricular ejection fraction
[LVEF] and diagnosis at discharge) were registered. The esti-
mated glomerular filtration rate (eGFR) was calculated by
using the value of creatinine at admission with the Chronic
Kidney Disease Epidemiology Collaboration formula. Impaired
kidney disease was defined as an eGFR < 60mL/min/1.73
m?. Cardiac troponin | concentrations were measured with
an automated immunoassay (Troponin |-Ultra, Advia Centaur,
Siemens Healthineers, Erlangen, Germany). As described by
the manufacturer, the cardiac troponin | detection limit is
0.006 ug/L, the 99th reference percentile is 0.040 ug/L and
the upper limit of detection is 50ug/L (measured with a
coefficient of variation of 8%). LVEF was measured within
24-48h befare discharge by using Simpson's methodology.
A moderate to severe reduction of LVEF was defined as LVEF
<40%. Significant three-vessel stenosis was defined as an
obstruction >70% in the three main coronary arteries. The
Syntax Score | was calculated by an experienced interven-
tional cardiologist by using the Syntax Score calculator. An
intermediate or high Syntax Score was defined as a score of
23 or more (Serruys et al. 2009). Similarly, the Global Registry
of Acute Coronary Events (GRACE) score was calculated. An
intermediate or high GRACE score was defined as a score
>100 in patients with STEMI and >89 in the remaining
patients (Tang et al. 2007).

suPAR analysis

Blood samples were collected into EDTA tubes during coron-
ary angiography. Samples were obtained in a median time of
48h (interquartile range [IQR]: 24-96 h) after admission. After

performed

1083 patients admitted with an
ACS and coronary angiography

__________ » -Other types of MI than type 1.

Exclusion criteria:

-Foreign patients or patients
living outside the referral area

340 patients with long-term
follow-up and suPAR
determination available

(follow-up not available).

:

194 patients with suPAR <2.6 ng/mL
(57.1%)

146 patients with suPAR 22.6 ng/mL
(42.9%)

Figure 1. Flow diagram of patients. AC5: Acute coronary syndromes; MI: myocardial infarction; suPAR: Soluble urokinase plasminogen activator receptor.
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the sample was centrifuged, plasma aliquots of the sample
were stored at -80°C until analysis. The aliquots were frozen
and thawed only one time. Plasma suPAR concentrations
were measured by the enzyme-linked immunosorbent assay
method (suPARnostic AUTO Flex ELISA; ViroGates, Birkerad,
Denmark). The testing was performed contemporary to this
manuscript. As described by the manufacturer, the detection
limit of the assay was 0.1 ng/mL and the intra and inter-assay
coefficient of variation were 2.8% and 9.2%, respectively.
Investigators measuring suPAR were blinded to clinical and
follow-up data.

Follow-up and outcomes

Patients were followed-up for events for a maximum of
6.5years. Deaths and hospital re-admissions were identified
by telephone interview and/or review of electronic medical
records. Follow-up adjudication was performed by an investi-
gator who was blinded to suPAR measurements. Deaths,
non-fatal Ml and admission for heart failure (HF) were
recorded during follow-up.

The primary outcome of this study was all-cause death. A
secondary outcome was the composite of major adverse car-
diovascular events (MACE), which were identified as all-cause
death, non-fatal Ml and admission for HF. For patients with
recurrent events the time to the first event was recorded.
Individual secondary outcomes were non-fatal Ml and admis-
sion for HF.

Statistical analysis

Categorical variables are expressed as numbers and percen-
tages whereas continuous variables are expressed as
medians and IQR. Comparisons of categorical data were per-
formed with chi-squared tests whereas numerical data were
analysed with the Kruskal-Wallis test. The optimal suPAR cut-
off point for all-cause death was defined by a receiver oper-
ating characteristic (ROC) curve (Youden index). To study the
relationship between suPAR and outcomes, patients were
categorised into two groups according their suPAR concen-
trations (low <26ng/mL and high >2.6ng/mL). Survival
probabilities were estimated by the Kaplan-Meier method
and compared with the log-rank test. To determine if suPAR
groups were associated with primary and secondary end-
points, univariable and multivariable Cox regressions were
performed with the backward stepwise procedure. In the
multivariable analysis, clinically relevant and significant varia-
bles in the univariable analysis were included. Therefore,
multivariable Cox regression analyses were adjusted by the
following variables: age, diabetes mellitus, hypercholesterol-
aemia, medical history of Ml, ambulatory use of statins, eGFR
at admission, intermediate or high GRACE score, significant
three-vessel stenosis and LVEF <40% at discharge. The pro-
portional hazards assumption was analysed by Schoenfeld
residuals. Multicollinearity was searched by calculating the
variance inflation factor. For HF and non-fatal Ml related hos-
pitalisation during follow-up, all-cause death was included in
all the analyses as a competing risk, and the Grey method

BIOMARKERS (&) 3

was used. Cumulative incidence curves were generated by
using the competing risk model. Finally, to estimate the abil-
ity of suPAR to improve long-term risk prediction of all-cause
death beyond a clinical model that included age, GRACE
score, eGFR at admission, cardiac troponin | peak (logarithm
transformed) and LVEF <40% at discharge we performed
ROC curve analyses and the Hosmer-Lemeshow test. The
clinical model was compared before and after adding suPAR
concentrations. We also calculated overall continuous net
reclassification improvement (NRI) and integrated discrimin-
ation improvement (IDl), as described by Pencina et al.
(2008). Differences were considered statistically significant at
p < 0.05. STATA 14.2 (StataCorp, College Station, Texas, USA)
was used for statistical analysis.

Ethics

The study was approved by the local ethical committee and
complies with the Declaration of Helsinki. All patients gave
written consent for their participation in this study.

Results
Baseline characteristics

A total of 340 patients were included in the study. The
median (IOR) age was 64.9 (55.7-74.3) years, and 96 (28.2%)
patients were female. Of all patients, 62.4% were admitted
with NSTEMI, 22.6% with STEMI and 15.0% with unstable
angina. The median suPAR concentration was 24 (IQR
1.7-3.2) ng/mL. The best suPAR cut-off point for the predic-
tion of all-cause death was 2.6ng/mL; area under the curve
0.718 (95% confidence interval [Cl] 0.667-0.765); sensitivity
63%; specificity 74%). Patients were classified into two
groups: low suPAR concentrations (<2.6ng/mL) and high
suPAR concentrations (>2.6 ng/mL). Patients with higher con-
centrations of suPAR were associated with older age, dia-
betes mellitus, hypertension, hypercholesterolaemia, chronic
kidney disease and a medical history of cardiovascular dis-
eases (MI, cerebrovascular disease and peripheral arterial dis-
ease; Table 1) as well as an increased use of antiplatelets
drugs, statins, oral antidiabetics and insulin. Higher use of
statins and lower values of LDL cholesterol were seen among
patients with higher values of suPAR. During admission, they
were more likely to have a worse Killip-Kimball class, renal
impairment, a higher GRACE score and ventricular dysfunc-
tion (LVEF < 40%). Although there were more patients with
significant three-vessel stenosis, no differences in peak car-
diac troponin | or in the type of ACS were seen among
higher values of suPAR. Finally, only 3 deaths were seen dur-
ing hospitalisation (1 death with suPAR <2.6ng/mL and 2
deaths with suPAR >2.6ng/mL), and the differences were
not significant.

Primary endpoint

During a median follow-up of 49 (IQR 4.1-5.9) years, 57
patients died. Of those patients, 15 (7.7%) had suPAR
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Table 1. Demographics, cardiovascular risk factors, medical history, ambulatory treatment and clinical characteristics during admission.

Variable Overall (N=340) SuPAR <26 (N=194) suPAR >2.6 (N=146) p Value
Demographics
Age, years 64.9 (55.7-74.3) 63.1 (54.3-70.7) 69.6 (57.4-77.2) <001
Female sex 96 (28.2) 48 (24.7) 48 (329) 099
Cardiovascular risk factors
Current smoker 106 (31.2) 68 (35.1) 38 (26.0) 075
Hypertension 232 (68.2) 119 (61.3) 113 (77.4) 002
Diabetes mellitus 127 (37.4) 60 (30.9) 67 (45.9) 005
Hypercholesterolaemia 207 (60.9) 105 (54.1) 102 (69.9) 003
Obesity (BMI 30 kg/m?) 91 (29.1) 53 (30.1) 38 (27.7) 5646
Medical history
Myocardial infarction 77 (22.7) 32 (16.5) 45 (30.8) 002
Heart failure 3 (0.9) 1 (0.5} 2014 404
Cerebrovascular disease 21 (6.2) 7 (3.6) 14 (9.6) 023
Peripheral arterial disease 36 (10.6) 10 (5.2) 26 (17.8) <.001
Chronic kidney disease 27 (7.9) 0 (0.0) 27 (185) <.001
PCI 50 (14.7) 3 (11.9) 27 (185) 087
Ambulatory treatment
Acetylsalicylic acid 133 39.1) 61 (31.4) 72 (493) 001
Other antiplatelet drugs 51 (15.0) 21 (10.8) 30 (20.6) 013
Oral anticoagulant 8 (2.4) 2 (1.0) 6 (4.1) 064
Beta blockers 101 (29.7) 53 (27.3) 48 (329) 267
ACE inhibitors 102 (30.0) 58 (29.9) 44 (30.1) 962
ARBs 49 (14.4) 23 (11.9) 26 (17.8) 122
MRAs 6 (1.8) 2 (1.0) 4(27) 236
Diuretics 81 (23.8) 41 (21.7) 40 (27.4) 180
Oral antidiabetic drugs 77 (22.7) 36 (18.6) 41 (28.1) 038
Insulin 30 (8.8) 10 (5.2) 20(13.7) 006
Statins 168 (49.4) 80 (41.2) 88 (603) 001
Previous symptoms
Angina previous month 70 (20.6) 36 (18.6) 34 (233) 286
Angina in the previous 24h 108 (31.8) 69 (35.6) 39 (26.7) 083
Physical examination at admission
Systolic arterial pressure (mmHg) 140 (122-153) 140 (122-153) 139 (122-154) 916
Atrial fibrillation/flutter 14 (4.1) 5 (2.6) 9(6.2) 099
Killip class = { 35 (10.3) 8 (4.1) 27 (18.5) <.001
Laboratory findings at admission
Glycaemia (mg/dL) 121 (100-166) 117 (99-157) 132 (100-187) 017
eGFR (mL/min per 1.73 m?) 84 (62-98) 90 (73-100) 70 (49-91) =<.001
LDL cholesterol (mg/dL) 98 (77-118) 103 (84-120) 90 (70-118) 009
HDL cholesterol (mg/dL) 38 (31-45) 39 (33-45) 36 (29-44) 009
Troponin | peak (ng/mL) 27 (0.2-21.0) 3.1 (0.2-22.7) 2.0 (02-20.7) 563
GRACE score
Intermediate or high GRACE 216 (63.5) 108 (55.7) 108 (74.0) 001
Coronary angiography
Significant three vessels stenosis 76 (22.4) 33 (17.0) 43 (29.5) 006
Intermediate or high Syntax Score 45 (19.2) 24 (16.7) 21(23.0) 224
pa 232 (68.2) 134 (69.1) 98 (67.1) 702
LVEF at discharge
LVEF <40% 28 (8.4) 10 (5.3) 18 (12.7) 016
Complications during hospitalisation
Death during hospitalisation 3 (0.9) 1 (0.5) 2(14) 404
Discharge diagnostic
STEMI 77 (22.6) 48 (24.7) 29 (19.9) 287
NSTEMI 212 (62.4) 115 (59.3) 97 (66.4) 77
Unstable angina 51 (15.0) 31 (16.0) 20(137) 560

Data represent the number (percentage) or median (interquartile range). BMI indicates body mass index. PCl: percutaneous coronary intervention; ACE:
angiotensin-converting enzyme; ARBs: angiotensin Il receptor blockers; MRAs: mineralocorticoid receptor antagonists. eGFR: estimated glomerular filtra-
tion rate; LVEF: left ventride ejection fraction; STEMI: 5T elevation myocardial infarction; NSTEMI: non-5T elevation myocardial infarction.

concentrations <2.6ng/mL and 42 (28.8%) >2.6ng/mL admission (77 patients), suPAR concentrations >2.6 ng/mL
(Figure 2). Higher values of suPAR were associated with an were still independently associated with a higher risk of all-
increased risk of all-cause death (unadjusted hazard ratio cause death (adjusted HR 2.9; 95% Cl 1.3-6.4; p=.011).

[HR] 4.4; 95% C 24-79; p<.001). After adjustment for
potential confounders, suPAR concentrations >2.6ng/mL
were independently associated with a higher risk of all-cause
death (adjusted HR 2.3; 95% Cl 1.2-4.4; p=.017) [Table 2]. In A composite of MACE was analysed during follow-up. In this
a subgroup analysis, the prognostic value of suPAR was way, 102 events of MACE were observed. Of those, 41
explored in patients without renal impairment at admission. (21.1%) events occurred in patients with low suPAR values
If we removed patients with eGFR <60mL/min/1.73m? at (<2.6ng/mL) and 61 (41.8%) in patients with high values

Secondary endpoints
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Figure 2. All-cause death and major adverse cardiovascular events (all-cause death, non-fatal myocardial infarction and heart failure) cumulative survival.

Table 2. Hazard ratios associated with all-cause death in univariate and multivariate Cox regression analysis.

Univariate cox regression

Multivariate cox regression

Variables HR (95% CI) p Value HR (95% CI) p Value
Age 1.08 (1.05-1.11) <.001 1.05 (1.02-1.08) 002
Diabetes mellitus 2.11 (1.25-3.55) .005 - -
Hypercholesterolaemia 1.96 (1.09-3.54) 025 - -
Previous myocardial infarction 2.75 (1.63-4.64) <.001 - =
Ambulatory use of statins 2.57 (1.46-4.54) .001 - -
eGFR at admission 1.03 (1.02-1.04) <.001 1.02 (1.01-1.03) 07
Intermediate or high GRACE score 446 (2.02-9.85) <.001 - -
Significant three vessels stenosis 241 (1.41-4.11) .001 - -
LVEF <40% 523 (2.83-9.64) <001 4.10 (2.20-7.65) <.001
suPAR >2.6 ng/mL 437 (2.42-7.89) <001 2.26 (1.16-4.44) mz

HR indicates hazard ratio; Ck confidence interval;, eGFR: estimated glomerular filtration rate; GRACE: Global Registry of Acute
Coronary Events score; LVEF: left ventricle ejection fraction; suPAR: soluble urokinase plasminogen activator receptor.
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Figure 3. Cumulative incidence of myocardial infarction and heart failure.
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(>2.6ng/mL) (Figure 2). An unadjusted analysis of these data
showed that suPAR >2.6ng/mL had an increased risk of
MACE (unadjusted HR 2.4; 95% Cl 1.6-3.5; p< .001). This
excess risk was partially diminished, but still significant, after
adjustment for potential confounders (adjusted HR 1.7; 95%
d 1.1-2.5; p=.020).

A total of 60 patients suffered a new MI during follow-up
(29 [14.9%] patients had suPAR concentrations <2.6 ng/mL
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and 31 [21.2%)] > 2.6 ng/mL; Figure 3). Although there was a
higher percentage of Ml at higher suPAR concentrations, uni-
variate competing risk regression did not reveal a statistically
significant  association (unadjusted HR 1.5 95% Cl
0.9-2.5; p =.096).

During follow-up, only 18 patients developed HF, 4 (2.1%)
patients had suPAR concentrations <2.6ng/mL and 14 (9.6%)
patients >2.6ng/mL (Figure 3). Higher suPAR values were
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associated with significantly increased risk of HF (unadjusted
competing risk HR 55; 95% Cl 1.9-16.3; p=.002). After
adjustment for potential confounders, suPAR concentrations
>2.6ng/mL were associated with an increased risk of HF
(adjusted competing risk HR 4.1; 95% Cl 1.3-12.6; p =.015).
Similar results for primary and secondary endpoints were
found for one-year follow-up (Supplementary material 2).

Analysis of ROC curves and suPAR risk prediction

ROC curves were evaluated with C-statistics to determine
whether suPAR could improve long-term risk prediction of
all-cause death. C-statistics were 0.823 (95% Cl 0.758-0.888)
for the clinical model, 0.839 (95% Cl 0.775-0.902) for the clin-
ical model with suPAR. C-statistics analysis showed non-sig-
nificant differences in the clinical model alone compared
with the clinical model with suPAR (p=.144). However, over-
all NRI showed significantly better risk prediction in the clin-
ical model with suPAR compared with the clinical model
alone (0.589; 95% Cl 0.300-0.879; p < .001), as was also the
case for IDI (0.024; 95% Cl 0.005-0.043; p =.013).

Discussion

In this study, we analysed the power of a single value of
suPAR to stratify the risk of adverse events in ACS patients
followed up for a long-term. We found that suPAR concen-
trations >2.6ng/mL were associated with an increased risk
of all-cause death, MACE and hospitalisation for HF, but not
with new admission for MI. Even more, we observed that
suPAR had an incremental prognostic value beyond a clinical
model for all-cause death risk. Finally, higher suPAR concen-
trations in the setting of an ACS were consistently related to
an increased prevalence of cardiovascular risk factors and
medical history of cardiovascular diseases.

To the best of our knowledge, this is the first study to
investigate the role of suPAR in a cohort of patients where
all types of ACS were represented and followed over the
long-term. Few studies have reported the value of suPAR in
the setting of an ACS and those that have done so included
homogeneous populations or, in contrast, very heteroge-
neous ones. Lyngbak’s et al. (2012) conducted a study on a
homogeneous cohort, in which 296 patients with STEMI
were followed for a long-term. In that study, in agreement
with our findings, higher suPAR concentrations were associ-
ated with an increased risk of all-cause death, but the add-
ition of suPAR to an adjusted clinical model did not improve
the C-statistic. Of note, our clinical model included powerful
risk predictors such as age, GRACE score, eGFR at admission,
cardiac troponin | peak and LVEF <40%, and we even dem-
onstrated significant improvement of NRI and IDI after the
addition of suPAR. Following studies by Pencina et al. (2008)
on ROC curves and reclassification, this suPAR improvement
could be missed with sole reliance on the C-statistics.
Therefore, a significant improvement on reclassification and
discrimination beyond a fully adjusted clinical model it is an
interesting finding. Finally, Lyngbaek et al. found a significant
association of higher suPAR concentrations with recurrent Ml

which was non-significant in our study. Other suPAR investi-
gations conducted in heterogeneous cohorts of patients also
included subjects with an ACS. For example, in a cohort of
449 patients admitted with chest pain and suspected non-
ST-elevation-ACS, Lyngbaek et al. (2013b) found higher suPAR
concentrations associated with an increased risk of mortality
in the long-term and demonstrated an improvement of risk
stratification beyond traditional risk factors, but not in the
recurrence of MI. However, unlike our study where 85% of
patients suffered an acute MI, in Lyngbaek's cohort only
17.2% of patients presented with a NSTEMI or unstable
angina with electrocardiogram abnormalities. A similar study
investigated 1314 patients presenting to the emergency
department with suspected M| and followed up for 1-year
(Sorensen et al. 2019). Of those, only 227 had type 1M
nevertheless, higher suPAR concentrations were associated
with increased risk of 1-year all-cause mortality and com-
pared with the GRACE score, the prediction of 6-month mor-
tality in the acute M| subgroup was similar using suPAR as
the only parameter. Two similar studies conducted in
patients who underwent coronary angiography demon-
strated that higher suPAR concentrations were associated
with the presence and severity of coronary artery disease
and reported an increased mortality and Ml risk among those
with higher suPAR concentrations (Eapen et al. 2014,
Sommerer et al. 2019). In the above mentioned studies,
higher suPAR concentrations were related to the composite
endpoint of all-cause death and non-fatal Ml (Eapen et al.
2014) as well as with the composite endpoint of fatal and
non-fatal Ml (Lyngbaek et al. 2012, 2013b). In addition, in a
small study that included 128 patients with acute MI, suPAR
was associated with MACE after 1-year follow-up (Wlazet
et al. 2019). Like previous studies but providing a new com-
posite endpoint which included all-cause death, non-fatal Mi
and HF, we demonstrated that higher suPAR concentrations
were associated with MACE.

In previous studies suPAR has been associated with an
increased plasma concentration of N-terminal pro B-type
natriuretic peptide and a higher incidence of HF in the gen-
eral population (Borné et al. 2014) and with decreased LVEF
and elevated B-type natriuretic peptide in patients with
acute cardiac disease (Fujita et al. 2017). Similarly, in our
study we found an increased proportion of patients with
LVEF <40% among higher values of suPAR, and, interest-
ingly, higher suPAR concentrations were independently asso-
ciated with the incidence of HF during long-term follow-up.
Although this event was not frequently observed in our
cohort, we demonstrate that a single measure of suPAR in
the setting of an ACS was correlated with the long-term inci-
dence of HF. This finding provides new insight into the utility
of suPAR, which could identify those patients admitted with
an ACS who have a higher risk of developing HF. However,
we are aware that this finding should be confirmed in larger
cohorts due to our low rate of events. In fact, suPAR, has
also been useful in chronic HF where, it has been identified
as an independent predictor of mortality and was even
superior to soluble ST2 (Koller et al. 2017).
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Consistently, suPAR has been related to a higher preva-
lence of cardiovascular risk factors, but it has been especially
linked with kidney disease. Hayek et al. (2015) found that an
elevated concentration of suPAR was independently associ-
ated with incident chronic kidney disease and an accelerated
decline in the eGFR. Based on that evidence, it could be
wrongly assumed that the predictive capacity of suPAR is
due solely to renal impairment. However, in patients with
renal dysfunction, suPAR has been identified as an independ-
ent predictor of all-cause and cardiovascular death (Meijers
et al. 2015) even if they were on haemodialysis (Drechsler
et al. 2017). In our study, suPAR remained independently
associated with adverse outcomes after adjustment for eGFR.
It is important to note that there was no multicollinearity
among the variables included in the multivariable analysis.
Moreover, we demonstrated that suPAR was still associated
with adverse outcomes in patients without renal impairment
at admission. Therefore, the predictive capacity of suPAR
remains with and without the presence of renal dysfunction.

In the setting of an acute MI, suPAR increases minimally
and its concentration remains relatively stable during the
acute phase. In addition, its predictive capabilities are almost
identical at baseline and peak concentrations (Lyngbak et al.
2012). Therefore, suPAR appears to be unrelated to myocar-
dial damage extension, which is in line with our findings that
suPAR concentrations were not related to the type of ACS
nor to peak cardiac troponin I Although high sensitivity
troponin was not available this should not affect the results
because peak cardiac troponin was used. Rather, suPAR has
been identified as an inflammatory biomarker (Smith et al.
2010, Hodges et al. 2015). SUPAR has been assessed along-
side other inflammatory biomarkers, such as C-reactive pro-
tein (CRP) in STEMI (Lyngbeek et al. 2012) or high-sensitivity
CRP and interleukin-6 in patients undergoing coronary angi-
ography (Sommerer et al. 2019), and suPAR had superior pre-
dictive capabilities. Furthermore, a marked elevation of CRP
in the context of STEMI has been reported; meanwhile,
suPAR remained relatively stable (Lyngbaek et al. 2012), thus
it seems that suPAR may represent a different inflammatory
response. In fact, it has been defined as a low-grade inflam-
matory biomarker related to subclinical organ damage
(Hodges et al. 2015). Pathophysiologically, suPAR has been
implicated in atherogenesis, atherosclerosis progression and
plaque destabilisation (Steins et al. 2004, Svensson et al.
2008). It is well-known that the inflammatory response is
involved with plaque progression and vascular damage and
suPAR might be a marker of this process; however, more
studies are needed to elucidate the mechanisms underlying
suPAR and cardiovascular disease.

Altogether, suPAR is an interesting biomarker that could
be used for long-term risk stratification of patients admitted
with an ACS and help to address therapies to prevent or
delay adverse outcomes such as closer follow-up and stricter
control of cardiovascular risk factors. SUPAR is stable during
an acute MI, free of circadian changes, relatively stable in
plasma and easy to measure (Thune et al. 2009). However,
different suPAR cut-off values have been reported and asso-
ciated with adverse outcomes. Although more studies are

BIOMARKERS (=) 7

still needed in patients with an ACS to validate an optimal
cut-off point for long-term risk, it seems that a higher suPAR
concentration brings a worse prognosis. Nevertheless, even
the relatively low cut-off values we showed can be used for
risk stratification.

Limitations

Our study has the following limitations. It is a unicentric
observational study with a relatively small sample size.
SuPAR was measured only once at the time of coronary angi-
ography during admission, so we are unaware if the kinetics
of suPAR or the time between symptom onset and sample
extraction could improve or worsen the observed results.
Nevertheless, suPAR concentrations have been reported as
relatively stable during acute MI. On the other hand, we are
aware that HF HR could be overestimated due to the low
number of events. However, most of those events were
related to suPAR concentrations >2.6 ng/mL and, therefore,
in our population study, suPAR showed and excellent correl-
ation with the incidence of HF. Several biomarkers were
examined alongside suPAR but natriuretic peptides and
high-sensitivity CRP were not available. Although a multivari-
able analysis was performed, a potential impact of residual
confounding may be present due to the nature of a retro-
spective observational study. Finally, after hospital discharge
and during follow-up, it is not known what further treat-
ments patients received; therefore, their influence on the
outcomes cannot be identified.

Conclusions

Our study demonstrated that a single determination of
suPAR in the setting of an ACS is associated with long-term
all-cause death, HF and a composite endpoint of MACE. In
addition, suPAR provides incremental prognostic value
beyond traditional risks factors in the long-term all-cause
death. Therefore, suPAR appears to be a very interesting
prognostic biomarker in ACS. To facilitate this, larger studies
are needed to determine the exact value on a risk scale
along with other risk factors.

Acknowledgments

We acknowledge the doctors and nurses of the cardiology department
who actively participated in the collection of the biobank.

Disclosure statement

ViroGates provided suPARnostic free of charge. The authors are solely
responsible for the design and development of the study, as well as for
all analyses and writing of the manuscript. The authors declare no con-
flict of interest.

ORCID

Oscar Manuel Peird ([ http://orcid.org/0000-0002-8249-8839

96



UNIVERSITAT ROVIRA I VIRGILI
BIOMARCADORES CON IMPLICACION PRONOSTICA A LARGO PLAZO EN LOS SINDROMES CORONARIOS AGUDOS
Oscar Manuel Peird Ibafiez

RESULTADOS

8 (&) O. M. PEIRO ET AL,

References

Borné, Y., et al, 2014. Increased plasma level of soluble urokinase plas-
minogen activator receptor is associated with incidence of heart fail-
ure but not atrial fibrillation. European journal of heart failure, 16 (4),
377-383.

Drechsler, C, et al, 2017. Soluble urokinase plasminogen activator recep-
tor and outcomes in patients with diabetes on hemodialysis. Clinical
Journal of the American society of nephrology, 12 (8), 1265-1273.

Eapen, D.), et al., 2014, Soluble urokinase plasminogen activator recep-
tor level is an independent predictor of the presence and severity of
coronary artery disease and of future adverse events. Journal of the
American heart association, 3, 1-8.

Eugen-Olsen, ., et al, 2010. Circulating soluble urokinase plasminogen
activator receptor predicts cancer, cardiovascular disease, diabetes
and mortality in the general population. Journal of internal medicine,
268 (3), 296-308.

Fujita, S.l., et al, 2017. Serum soluble urokinase-type plasminogen activa-
tor receptor is associated with low left ventricular ejection fraction
and elevated plasma brain-type natriuretic peptide level. PLoS one, 12
(1), e0170546.

Hayek, SS., et al, 2015. Soluble urokinase receptor and chronic kidney
disease. New England journal of medicine, 373 (20), 1916-1925.

Hodges, GW., et al, 2015. SuPAR: a new biomarker for cardiovascular
disease? The Canadian journal of cardiology, 31 (10), 1293-1302.

Koller, L, et al, 2017. Soluble urokinase-type plasminogen activator
receptor improves risk prediction in patients with chronic heart fail-
ure. JACC: heart failure, 5 (4), 268-277.

Lyngbaek, S. et al, 2012. Usefulness of soluble urckinase plasminogen
activator receptor to predict repeat myocardial infarction and monrtal-
ity in patients with st-segment elevation myocardial infarction under-
going primary percutaneous intervention. The American journal of
cardiology, 110 (12), 1756-1763.

Lyngbzek, 5. et al, 2013a. Cardiovascular risk prediction in the general
population with use of suPAR, CRP, and Framingham Risk Score.
International journal of cardiology, 167 (6), 2904-2911.

Lyngbaek, S, et al, 2013b. Soluble urokinase plasminogen activator
receptor for risk prediction in patients admitted with acute chest
pain. Clinical chemistry, 59 (11), 1621-1629.

Meijers, B., et al, 2015. Soluble urokinase receptor is a biomarker of car-
diovascular disease in chronic kidney disease. Kidney international, 87
(1), 210-216.

Pencina, MJ., et al, 2008. Evaluating the added predictive ability of a
new marker: from area under the ROC curve to reclassification and
beyond. Statistics in medicine, 27 (2), 157-172.

Persson, M., et al, 2012. Soluble urokinase plasminogen activator recep-
tor in plasma is associated with incidence of CVD. Results from the
Malmo Diet and Cancer Study. Atherosclerosis, 220 (2), 502-505.

Rasmussen, LJ.H, et al, 2016. Soluble urokinase plasminogen activator
receptor (suPAR) in acute care: a strong marker of disease presence
and severity, readmission and mortality. A retrospective cohort study.
Emergency medicine journal: EMJ, 33 (11), 769-775.

Roffi, M., et al, 2016. 2015 ESC Guidelines for the management of acute
coronary syndromes in patients presenting without persistent ST-seg-
ment elevation. European heart journal, 37 (3), 267-315.

Serruys, P.W., et al, 2009. Percutaneous coronary intervention versus cor-
onary-artery bypass grafting for severe coronary artery disease. New
England journal of medicine, 360 (10), 961-972.

Smith, HW., et al, 2010. Regulation of cell signalling by uPAR. Nature
reviews molecular cell biology, 11 (1), 23-36.

Sommerer, C, et al, 2019. Soluble urokinase plasminogen activation
receptor and long-term outcomes in persons undergoing coronary
angiography. Scientific reports, 9 (1), 1-12.

Sorensen, N.A, et al, 2019. Predictive value of soluble urokinase-type
plasminogen activator receptor for mortality in patients with sus-
pected myocardial infarction. Clinical research in cardiology, 108 (12),
1386-1393.

Steins, M.B., et al, 2004. Overexpression of urokinase receptor and cell
surface urokinase-type plasminogen activator in the human vessel
wall with different types of atherosclerotic lesions. Blood coagulation
& fibrinolysis: an international journal in haemostasis and thrombosis,
15 (5), 383-391.

Svensson, P.A., et al, 2008. Urokinase-type plasminogen activator recep-
tor is associated with macrophages and plaque rupture in symptom-
atic carotid atherosclerosis. International journal of molecular medicine,
22, 459-464.

Tang, EW. et al, 2007. Global Registry of Acute Coronary Events
(GRACE) hospital discharge risk score accurately predicts long-term
mortality post acute coronary syndrome. American heart journal, 153
(1), 29-35.

Thung, M, et al., 2009. SuPAR: the molecular crystal ball. Disease markers,
27 (3), 157-172.

Thygesen, K, et al, 2012. Third universal definition of myocardial infarc-
tion. European heart journal, 33 (20), 2551-2567.

Torino, C, et al, 2018. Soluble Urokinase Plasminogen Activator
Receptor (suPAR) and all-cause and cardiovascular mortality in diverse
hemodialysis patients. Kidney international reports, 3 (5), 1100-1109.

Wei, C, et al, 2008. Modification of kidney barrier function by the uro-
kinase receptor. Nature medicine, 14 (1), 55-63,,

Wilhelm, 0.G, et al, 1999. Cellular glycosylphosphatidylinositol-specific
phospholipase D regulates urokinase receptor shedding and cell sur-
face expression. Journal of cellular physiology, 180 (2), 225-235.

Wiazel, RN., et al., 2019. Soluble urokinase plasminogen activator recep-
tor in one-year prediction of major adverse cardiac events in patients
after first myocardial infarction treated with primary percutaneous
coronary intervention. Archives of medical science, 15 (1), 72-77.

97



UNIVERSITAT ROVIRA I VIRGILI
BIOMARCADORES CON IMPLICACION PRONOSTICA A LARGO PLAZO EN LOS SINDROMES CORONARIOS AGUDOS
Oscar Manuel Peird Ibafiez

98



UNIVERSITAT ROVIRA I VIRGILI
BIOMARCADORES CON IMPLICACION PRONOSTICA A LARGO PLAZO EN LOS SINDROMES CORONARIOS AGUDOS
Oscar Manuel Peird Ibafiez

6. DISCUSION

99



UNIVERSITAT ROVIRA I VIRGILI
BIOMARCADORES CON IMPLICACION PRONOSTICA A LARGO PLAZO EN LOS SINDROMES CORONARIOS AGUDOS
Oscar Manuel Peird Ibafiez

100



UNIVERSITAT ROVIRA I VIRGILI
BIOMARCADORES CON IMPLICACION PRONOSTICA A LARGO PLAZO EN LOS SINDROMES CORONARIOS AGUDOS
Oscar Manuel Peird Ibafiez

DISCUSION

6.1. Discusion general

Seguidamente se discuten los resultados de forma generalizada y, en los

siguientes apartados, se comentan detalladamente cada uno de los estudios realizados

en esta tesis doctoral.

En las ultimas décadas han surgido importantes avances en el tratamiento del

sindrome coronario agudo. Asi, el uso generalizado de la doble antiagregacion, el

intervencionismo coronario percutdneo, las estatinas de alta potencia y, otros muchos

avances, han posibilitado la reduccion de la morbimortalidad. Sin embargo, estos

pacientes aun presentan un riesgo significativamente elevado de eventos adversos,

sobre todo a largo plazo. Por tanto, la identificacion de aquellos sujetos

con mayor

riesgo podria ayudar a los clinicos a desarrollar estrategias preventivas para disminuir

su morbimortalidad.

En esta tesis doctoral analizamos el valor pronéstico a largo plazo de tres

biomarcadores en el contexto de un sindrome coronario agudo.

En primer lugar, analizamos la capacidad prondstica a largo plazo de SDF-1. Aqui,

demostramos que una sola determinacion del SDF-1 plasmatico en el contexto de un

sindrome coronario agudo permite realizar una estratificacién prondstica a

largo plazo.

En efecto, los pacientes con los valores mas elevados de SDF-1 presentaban mayor

riesgo de mortalidad total y de presentar el compuesto de eventos MACCE tras un

seguimiento a largo plazo. Ademas, en la mortalidad total, SDF-1 es capaz de aiadir

informacién prondstica mas alla de los factores de riesgo tradicionales. Si

n embargo,

SDF-1 fue incapaz de predecir el reingreso por IAM, ictus o insuficiencia cardiaca.

En segundo lugar, se analiza la capacidad de un Unico valor de GDF-15 para

estratificar el riesgo de eventos adversos a largo en pacientes con sindrome coronario

agudo. En este estudio observamos que GDF-15 es un predictor independiente de

mortalidad por cualquier causa, eventos MACE y de hospitalizacion por i

nsuficiencia

cardiaca, pero no asi de IAM. Ademas, observamos que GDF-15 afiadia valor prondstico

sobre un modelo clinico compuesto de potentes predictores tanto para la

por cualquier causa, eventos MACE e insuficiencia cardiaca.
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En tercer lugar, se analiza la utilidad de suPAR como biomarcador prondstico en

pacientes con sindrome coronario agudo tras un seguimiento a largo plazo.

Demostramos que los pacientes con concentraciones plasmaticas elevadas de suPAR

presentaron mayor riesgo de mortalidad total, de eventos MACE y de hospitalizacidon

por insuficiencia cardiaca, pero no asi de IAM. Ademas, suPAR es capaz de incrementar

la capacidad predictiva de un modelo clinico con respecto a la mortalidad por cualquier

causa.

Cabe destacar que los tres biomarcadores son capaces de aportar informacion

prondstica adicional tras incluirlos en un modelo clinico que incluye potentes

predictores. En este sentido GDF-15 aporta mayor valor prondstico que SDF-1 o suPAR

ya que es capaz de incrementar el valor de la curva ROC. No obstante, SDF y suPAR

aportan informacion valiosa sobre un modelo clinico potente tal como indican los

resultados en reclasificacion (NRI; por sus siglas en inglés de net reclassification index) y

discriminacion (IDI; por sus siglas en inglés de integrated discrimination improvement).

Siguiendo los estudios de Pencina y cols. (104)en curvas ROC vy reclasificacion, esta

mejoria de SDF-1 y suPAR podria perderse si Unicamente analizamos la curva ROC.

Intercurrentemente, observamos que tanto las concentraciones elevadas de

GDF-15 o suPAR en el contexto de un sindrome coronario agudo se relacionaron

consistentemente con una mayor prevalencia de factores de riesgo cardiovascular y de

antecedentes de enfermedades cardiovasculares.

Por tanto, una sola determinacidn plasmatica de SDF-1, GDF-15 o suPAR en el

contexto de un sindrome coronario agudo aporta informacién prondstica a largo plazo

muy valiosa. Asi, una vez identificados aquellos pacientes con mayor riesgo de eventos

adversos se podrian disenar estrategias para mitigarlos. En este sentido hacen falta mas

estudios dirigidos evaluar tratamiento mas intensivos para estos pacientes de alto

riesgo.

102



UNIVERSITAT ROVIRA I VIRGILI
BIOMARCADORES CON IMPLICACION PRONOSTICA A LARGO PLAZO EN LOS SINDROMES CORONARIOS AGUDOS
Oscar Manuel Peird Ibafiez

DISCUSION

6.1. Discusion primer estudio

Stromal cell derived factor-1 and long-term prognosis in acute coronary
syndrome

Peiréd OM, Farré N, Cediel G, Bonet G, Rojas S, Quintern V, et al. Biomark Med.
2019;13(14):1187-1198.

En este estudio se analiza la capacidad prondstica a largo plazo de SDF-1 en una
cohorte de pacientes con sindrome coronario agudo. Se demuestra que, con una
determinacion plasmatica de SDF-1 durante el sindrome coronario agudo, se puede
realizar una estratificacion prondstica de estos pacientes a largo plazo. Concretamente,
SDF-1 es capaz de pronosticar la muerte por todas las causas y el compuesto de eventos
MACCE tras un seguimiento a largo plazo. Ademas, en la mortalidad por todas las causas,
SDF-1 es capaz de afiadir informacion prondstica sobre un modelo clinico predictivo que
incluye potentes predictores como la disfuncidn ventricular izquierda y |la escala GRACE.
Sin embargo, SDF-1 no fue capaz de predecir el reingreso por IAM, ictus o insuficiencia

cardiaca.

Tal y como se mencionaba en la introduccion, SDF-1 se ha relacionado con el
proceso reparativo tras un IAM en base a su habilidad para atraer células progenitoras,
proteger frente a la apoptosis y favorecer la angiogénesis(55,57,105). Asi, se disefiaron
estudios con animales donde se aumentaba artificialmente los niveles de SDF-1 en el
miocardio infartado. En estos estudios se observd una reduccién del area infartada y
una mejoria de la funcién cardiaca(55,59,105-108). Y, ademas, tras la sobreexpresién
de CXCR4 y CXCR7 en el miocardio isquémico también se encontraron resultados
similares(53,109). Sin embargo, los resultados de un ensayo clinico con humanos no
fueron tan positivos. En dicho estudio se aumentaba artificialmente la expresion de SDF-
1 en la zona peri-infartada de pacientes con insuficiencia cardiaca de etiologia
isquémica, pero desafortunadamente, el objetivo primario del estudio no se cumplié y
solo el subgrupo de pacientes con peor fracciéon de eyeccion mostré mejoria de la

funcion cardiaca(110).
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Tras lo expuesto nuestros resultados pueden resultar inesperados, sin embargo,

los estudios observacionales con humanos han relacionado las concentraciones

elevadas de SDF-1 durante el IAM con un peor prondstico. Fortunato et al. demostré

gue los pacientes con IAM que tenian concentraciones elevadas de SDF-1 presentaban

mayor incidencia del combinado de mortalidad, IAM e IC tras un seguimiento de 1

afo(61). En cuanto a los pacientes con SCASEST, Tong et al. observd que los niveles

plasmaticos elevados de SDF-1 se relacionaron con el remodelado adverso del ventriculo

izquierdo, con la mortalidad, el IAM y la insuficiencia cardiaca después de 18 meses de

seguimiento(62). De forma similar, se evidenciéo mayor frecuencia de eventos adversos

en aquellos sujetos con mayor SDF-1 plaquetario tras analizar una cohorte de pacientes

con cardiopatia isquémica aguda y estable y realizar un seguimiento de 1 afio(111). A

diferencia de los estudio previos, nuestra cohorte engloba todos los tipos de sindrome

coronario agudo en un solo estudio y demuestra que SDF-1 es capaz de pronosticar los

eventos adversos a largo plazo. Ademas, demostramos que SDF-1 afiadido a un modelo

clinico aporta informacidon pronostica adicional. Ghasemzadeh et al. (112) también

encontraron una asociacién entre niveles elevados de SDF-1 y eventos adversos a largo

plazo (media de seguimiento: 2,6 afios). Sin embargo, sélo el 7% de la poblacién incluida

en este estudio tuvo un IAM a diferencia de nuestro estudio donde todos los pacientes

habian sufrido un sindrome coronario agudo.

A pesar de que habia una tendencia a una mayor incidencia de IAM durante el

seguimiento en los pacientes con mayores concentraciones de SDF-1, nuestro estudio,

no fue capaz de demostrar que SDF-1 era predictor independiente de IAM tras el analisis

multivariable. Igualmente, el reingreso por insuficiencia cardiaca era mas frecuente en

los pacientes con SDF-1 elevado, pero no estadisticamente significativo. Es importante

puntualizar que los pacientes con SDF-1 elevado tenia mas frecuentemente disfuncién

ventricular izquierda (FEVI<40) y un clasificaciéon en la escala KILLIP > 1. Por tanto, en

vista de nuestros resultados y los publicados por Tong et al.(62) |a fata de significacion

estadistica del reingreso por insuficiencia cardiaca en nuestro estudio debe responder a

un nimero bajo de eventos de insuficiencia cardiaca. Finalmente, y en consonancia con

los resultados de Rath et al. no encontramos asociacion con el ictus(111). Por otro lado,

en otros estudios observacionales con humanos se ha observado que los niveles de SDF-

104



UNIVERSITAT ROVIRA I VIRGILI
BIOMARCADORES CON IMPLICACION PRONOSTICA A LARGO PLAZO EN LOS SINDROMES CORONARIOS AGUDOS
Oscar Manuel Peird Ibafiez

DISCUSION

1 a los 6 meses del IAM se asocian con el remodelado adverso de
izquierdo(113). Y, ademas, que las concentraciones elevadas de SDF-1 en

isquémica crénica se relacionaron con eventos adversos en el seguimien

| ventriculo
cardiopatia

to(114). Asi

mismo, el polimorfismo genético del locus 10q11 se asocié con niveles aumentados de

SDF-1 plasmatico y con cardiopatia isquémica(115,116).

SDF-1 no solo induce a la proliferacion, hipertrofia y produccién de colageno por

los fibroblastos cardiacos sino también de las células musculares lisas microvasculares y

de las células glomerulares mesangiales(117). En nuestro estudio observamos que los

sujetos con antecedentes de enfermedad renal crénica presentaban niveles de SDF-1

mas elevados. Ademas, los pacientes con SDF-1 elevado tenian con mayor frecuencia

insuficiencia renal al ingreso. Por tanto, hace pensar que pueda existir cierta relacion.

No obstante, SDF-1 fue un predictor independiente de eventos adverso

incluso tras

ajustar en el analisis multivariable por la enfermedad renal crénica. Esta observacion

esta respaldada por estudios previos donde la insuficiencia renal no impedia a SDF-1 ser

un predictor independiente de eventos adversos cardiovasculares(62,112,1

en una cohorte con enfermedad renal crénica las concentraciones elevad

14). Incluso,

as de SDF-1

predecian el IAM y la mortalidad y, en una cohorte del estudio Framingham SDF-1 se

asocio con la insuficiencia cardiaca y la mortalidad(118,119).

Por todo lo expuesto anteriormente existe informacion contradicto

a SDF-1ya que en los experimentos animales se ha relacionado con el proces

ria respecto

o reparador

tras un infarto y, en las observaciones humanas, SDF-1 se ha identificado como un

predictor de eventos adversos. A pesar de no existir aun una explicacién aceptada para

esta aparente contradiccion es necesario resaltar algunas ideas a favor y en contra de

su rol beneficioso/perjudicial. SDF-1 se ha relacionado con la fibrosis miocardica debido

a una mayor proliferaciéon de fibroblastos cardiacos y a una mayor produccién de

coldgeno lo que facilita un remodelado cardiaco adverso(117). Adema

s, SDF-1 se

expresa en gran medida en las placas ateroscleréticas y se relaciona con una funcion

protrombadtica(120). Por otro lado, existe la idea de que los pacientes con

niveles mas

altos de SDF-1 tienen un IAM de mayor tamafio y, por ello, tienen peor prondstico. Esta

afirmacion hay que tomarla con cautela ya que, en nuestro estudio, no hubo diferencias

segun el tipo de IAM vy el pico de troponina cardiaca | pero si que hubo
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proporcién de estenosis significativa de tres vasos y mas disfuncion del ventriculo

izquierdo a mayor concentracién de SDF-1. A pesar de todo, SDF-1 fue un predictor

independiente de muerte por todas las causas incluso tras eliminar a los pacientes con

infartos mas grandes (FEVI <40%). Ademas, Stellos observd que las concentraciones de

SDF-1 estaban significativamente reducidas en pacientes con IAMCEST con respecto a

los pacientes con SCASEST o angina estable, lo cual es contradictorio si pensamos en un

infarto mds grande comporta en una mayor concentraciéon de SDF-1(121).

Con respecto a la extensién de la vida media de SDF-1 en plasma mediante el uso

de inhibidores de la dipeptidil peptidasa 4, grandes ensayos clinicos no han podido

demostrar beneficios en la enfermedad cardiovascular e incluso se han relacionado con

una aumento de la insuficiencia cardiaca(122,123). Nuestro estudio no se centré en el

tratamiento con inhibidores de la dipeptidil peptidasa 4, sin embargo, hubo diferencias

entre SDF-1y el tratamiento antidiabético.

Finalmente, es necesario enfocarse en el rol de los receptores CXCR4 y CXCR7

para entender las acciones SDF-1. El eje SDF-1/CXCR4 se ha relacionado con vias

regenerativas después del IAM. Sin embargo, la sobreexpresion de CXCR4 esta

relacionada con un mayor reclutamiento de células inflamatorias, produccion de TNFa

y activacion de las via apoptdticas(124,125). Por otro lado, CXCR7 juega un papel clave

en el corazon al promover la proliferacion endotelial y la angiogénesis. Curiosamente,

Hao et al. observé que los ratones con delecién de CXCR7 tenian un area de infarto

aumentada, una reduccion de la densidad vascular y niveles elevados de SDF-1. Ademas,

después de tratar los ratones con un agonista de CXCR7 y un antagonista de CXCR4

mostraron una reducciéon en el tamafio del infarto(53). Todo lo expuesto refleja una

compleja relacién, ain no comprendida del todo, entre las acciones de SDF-1 vy las

interacciones con sus receptores. En este sentido, es necesaria mas investigacion para

avanzar en el conocimiento de sus receptores en humanos. Lo que si sabemos, y este

trabajo contribuye a ello, es que el SDF-1 medido en plasma durante el sindrome

coronario agudo nos da una poderosa informacién prondstica.
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6.3. Discusion segundo estudio

Long-term prognostic value of growth differentiation factor-1

coronary syndromes.

5 in acute

Peir6 OM, Garcia-Osuna A, Orddfiez-Llanos J, Cediel G, Bonet G, Rojas S, et al.

Long-term prognostic value of growth differentiation factor-15 in acute coronary

syndromes. Clin Biochem. 2019;73:62-69.

En este estudio se analiza la capacidad de un solo valor de GDF-15 para

estratificar el riesgo de eventos adversos en pacientes con sindrome coronario agudo

seguidos durante uno de los periodos mds largos reportados hasta la fecha.

Encontramos que los sujetos con concentraciones superiores a 1800 ng/L de GDF-15 se

asociaron a un aumento del riesgo de muerte por todas las causas, de eventos MACE y

de hospitalizacion por insuficiencia cardiaca, pero no asi de IAM. Ademas, observamos

que GDF-15 afiadia valor prondstico sobre un modelo clinico compuesto de potentes

predictores tanto para la mortalidad para todas las causas, eventos MACE e i

nsuficiencia

cardiaca. Finalmente, las concentraciones elevadas de GDF-15 en el contexto de un

sindrome coronario agudo se relacionaron consistentemente con una mayor

prevalencia de factores de riesgo cardiovascular, antecedentes de enfermedades

cardiovasculares y resultados adversos durante el ingreso. Asi, nuestros resultados

proporcionan informacioén actualizada del papel prondstico de GDF-15 a largo plazo en

el sindrome coronario agudo ya que previamente se habia analizado en escenarios

donde el tratamiento estandar difiere del actualmente disponible.

Investigaciones previas sobre GDF-15 han reportado su asociacién con la

morbimortalidad cardiovascular. Sin embargo, no esta claro cudl es el principal tejido

gue produce GDF-15 en pacientes con enfermedad cardiovascular. Por ah

ora se sabe

que los adipocitos viscerales y subcutdneos (126), asi como la placa arterioesclerética

(127,128) son una fuente de GDF-15. En el caso de pacientes con miocardiopatia

dilatada no isquémica terminal la expresiéon del GDF-15 cardiaco es muy baja, lo que
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sugiere que el aumento de la concentracién del GDF-15 circulante puede ser producido

por tejidos periféricos (129). No obstante, la concentracion circulante de GDF-15

aumenta significativamente después de un sindrome coronario agudo, aunque este

aumento es leve y sin relacién con el tamafio del infarto (78,80,81). De forma similar, en

nuestro estudio, encontramos que las concentraciones de GDF-15 no se asociaron con

el pico de troponina | ni con el tipo de sindrome coronario agudo reflejando asi su

independencia de la extension del dafno miocardico. De hecho, estudio previos han

observado que los niveles circulantes de GDF-15 después de un sindrome coronario

agudo permanecen relativamente estables durante 6 meses, lo que sugiere un papel

importante en la cronicidad de la enfermedad (82,84).

En el contexto de un sindrome coronario agudo, GDF-15 se ha relacionado con

un aumento del riesgo de muerte por todas las causas, IAM, insuficiencia cardiaca y de

sangrado mayor no relacionado con cirugia de bypass aortocoronario después de un

seguimiento a corto plazo (78-83). Sin embargo, en el seguimiento a largo plazo falta

informacién actualizada ya que la mayoria de los estudios previos se realizaron en una

época donde la revascularizacion precoz o el tratamiento intensivo para la prevencién

secundaria con doble antiagregacion, estatinas de alta potencia o el uso de inhibidores

de la enzima convertidora de la angiotensina no eran el tratamiento de referencia

(84,85,130,131). En este escenario, nuestro estudio aporta informacién prondstica Unica

y renovada que podria extrapolarse a los pacientes que actualmente sufren un sindrome

coronario agudo. Al igual que en publicaciones anteriores, nuestro estudio demostré

que los pacientes con valores mas altos de GDF-15 se asociaron con un mayor riesgo de

mortalidad por todas las causas después de un seguimiento a largo plazo. Cabe destacar

que, para el riesgo de muerte, encontramos un punto de corte por curva ROC de 1759

ng/L que es bastante similar al previamente reportado de 1800 ng/L. Sin embargo, hay

informacién discordante sobre la capacidad prondstica que aporta GDF-15 en pacientes

con sindrome coronario agudo respecto al riesgo de mortalidad total a largo plazo. Asi,

el estudio de Kempf y cols. no pudo demostrar una mejoria significativa de la capacidad

predictiva tras afiadir GDF-15 a un modelo clinico (131). De manera similar, en un

estudio con pacientes con SCASEST, GDF-15 solo mostré una mejora significativa en IDI

pero no en la curva ROC ni en el NRI (85). Nuestro estudio, sin embargo, demostré que
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la adicion de GDF-15 sobre un modelo clinico que comprende la edad, el IA

M previo, la

escala GRACE y la FEVI <40% provocaba una mejoria significativa de la capacidad

predictiva tanto en la curva ROC, el NRI y el IDI. Ademas, GDF-15 proporcioné mejor

informacidn prondstica que el pico de troponina cardiaca |. En esta linea, Eggers calculd

la puntuacion GRACE en 453 pacientes con dolor toracico y demostré q

ue su valor

predictivo podria ser mejorado con GDF-15 (131). Sin embargo, a diferencia de nuestro

estudio donde todos los pacientes sufrieron un sindrome coronario agudo

, menos del

50% de los pacientes en el estudio de Eggers tenian un diagndstico final de sindrome

coronario agudo. Ademas, a diferencia del estudio de Eggers, nuestro estudio valoro la

capacidad prondstica en un modelo clinico que incluye no solo la puntuacion GRACE,

sino también la edad, el IAM previo y la FEVI <40 %. Sobre la base de una cohorte con

un IAM, Skau y cols. analizaron GDF-15 junto con otros 92 biomarcadores. No obstante,

no hubo una cuantificacién absoluta de GDF-15 y el valor prondstico incremental se

analizé en combinaciéon con otros biomarcadores (132). Por otro lado, en la investigaciéon

de Rueda y cols. (133) donde se incluyeron sdlo pacientes con IAMCEST

y se realizd

seguimiento durante una mediana de 3,1 afios, la adicién de GDF-15 a un modelo clinico

no aumentd la capacidad de discriminacion o reclasificacion. Por lo tanto, nuestro

estudio que si incluye todos los tipos de sindromes coronarios agudos
seguimiento mdas prolongado, proporciona informacién relevante sob

prondstico de GDF-15.

En el contexto de un sindrome coronario agudo, GDF-15 no solo se

con la mortalidad total sino también con otros eventos adversos cardiovas

y tiene un

re el valor

ha asociado

culares. Asi,

en anteriores estudios los niveles elevados de GDF-15 se han relacionado con el

compuesto de mortalidad o nuevo IAM (84,85,130). En esta linea nuestro estudio, por

primera vez, demuestra que los valores mas altos de GDF-15 se asociaron de forma

independiente con el compuesto de muerte por todas las causas, nuevo |IAM o

insuficiencia cardiaca tras un seguimiento a largo plazo.

Con respecto a la asociacién de GDF-15 con la incidencia de IAM las

observaciones son contradictorias. En un metaanalisis se reportd una

importante

correlacién de los niveles altos de GDF-15 con la recurrencia del IAM solo para estudios

con periodos de seguimiento de mas de un afio (134). Sin embargo, como en nuestro
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trabajo, no se ha encontrado una relacion independiente tan clara en otros estudios con

periodos de seguimiento de mas de un afio (84,85,130).

Por otro lado, nuestro estudio demuestra que GDF-15 medido durante un
sindrome coronario agudo se correlaciona excelentemente con la incidencia de
insuficiencia cardiaca a pesar de que este evento fuese infrecuente durante el
seguimiento. Hallazgos similares han sido observados incluso en periodos de
seguimiento mas cortos (82,135). Por lo tanto, GDF-15 podria identificar aquellos
pacientes con mayor riesgo de desarrollar insuficiencia cardiaca y ayudar a iniciar

terapias para prevenir o retrasar su aparicion.
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6.3. Discusion tercer estudio

Soluble urokinase plasminogen activator receptor as a long-term prognostic

biomarker in acute coronary syndromes.

Peir6 OM, Cediel G, Bonet G, Rojas S, Quintern V, Carrasquer A, et al. Soluble
urokinase plasminogen activator receptor as a long-term prognostic biomarker in acute

coronary syndromes. Biomarkers. 2020;25(5):402-409.

En este estudio se analiza la utilidad de suPAR como biomarcador prondstico en
pacientes con sindrome coronario agudo tras un seguimiento a largo plazo. Observamos
que los pacientes con concentraciones plasmaticas 22,6 ng/mL se asociaron con un
mayor riesgo de muerte por todas las causas, de eventos MACE y de hospitalizacion por
insuficiencia cardiaca, pero no asi de IAM. Ademas, suPAR es capaz de incrementar la
capacidad predictiva de un modelo clinico con respecto a la mortalidad por cualquier
causa. Finalmente, encontramos una mayor prevalencia de factores de riesgo
cardiovascular y antecedentes médicos de enfermedades cardiovasculares entre los

pacientes con valores elevados de suPAR.

Pocos estudios han informado del valor prondstico de suPAR en el contexto de
un sindrome coronario agudo y aquellos que lo han hecho incluyen poblaciones o bien
muy homogéneas o, por el contrario, muy heterogéneas. Lyngbak y cols. realizaron un
estudio sobre un cohorte de 296 pacientes con IAMCEST y seguimiento a largo plazo. En
ese estudio, y de acuerdo con nuestros hallazgos, las concentraciones mas altas de
SuPAR se asociaron con un mayor riesgo de muerte por todas las causas (98). Sin
embargo, la adicion de suPAR a un modelo clinico no mejoré la capacidad predictiva del
mismo a diferencia de nuestro estudio donde si demostramos mejoria de la capacidad
predictiva. Ademas, cabe destacar que nuestro modelo clinico incluia potentes
predictores de riesgo como la edad, la puntuacién GRACE, el filtrado glomerular, el pico

de troponina | cardiaca y la FEVI <40%. Finalmente, Lyngbak y cols. encontraron una
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asociacion significativa con el IAM durante el seguimiento, pero esta fue no significativa

en nuestro estudio.

Existen otras investigaciones con suPAR realizados en cohortes mas

heterogéneas de pacientes que también incluyen sujetos con un sindrome coronario

agudo. Por ejemplo, en una cohorte de 449 pacientes ingresados con dolor toracico y

sospecha de SCASEST se observé que a mayores concentraciones de suPAR existia mayor

riesgo de mortalidad a largo plazo y una mejora en la estratificacion del riesgo mas alla

de los factores de riesgo tradicionales, pero no asi en la recurrencia del IAM(136). No

obstante, a diferencia de nuestro estudio donde el 85% de los pacientes tuvieron un IAM

en la cohorte de Lyngbaek solo el 17% de los pacientes presento un SCASEST. Otro

estudio similar analizé a 1314 pacientes que acudian a urgencias por sospecha de IAM y

se realizd un seguimiento a 1 afo, sin embargo, de todos ellos solo 227 presentaron IAM

tipo 1. En este estudio, las concentraciones elevadas de suPAR también se asociaron con

mayor riesgo de mortalidad y suPAR ofrecia un valor prondstico similar a la escala

GRACE(137). Por otro lado, dos estudios similares que incluian a pacientes que se

sometian a una coronariografia demostraron que los pacientes con concentraciones

elevadas de suPAR se asociaban con la presencia y la severidad de la enfermedad

coronaria ademas de presentar mayor riesgo de muerte y de IAM (138,139). En los

estudios anteriormente mencionados las concentraciones elevadas de suPAR se

relacionaron significativamente con el compuesto de muerte por todas las causas e IAM

no fatal (138), asi como con el compuesto de IAM fatal y no fatal (98,136). Ademas, un

pequefio estudio que incluyé a 128 pacientes con IAM relacioné las concentraciones

elevadas de suPAR con el compuesto MACE tras 1 afio de seguimiento (140). Como en

estudios previos, pero aportando un nuevo evento compuesto que incluye la muerte

por todas las causas, el IAM vy la insuficiencia cardiaca, demostramos que las

concentraciones mas altas de suPAR se asocian con dicho evento compuesto.

En estudios previos, suPAR se ha asociado con una aumento de la concentracién

plasmatica de péptidos natriuréticos y con una mayor incidencia de insuficiencia

cardiaca tanto en poblacion general (97) como con pacientes con disfuncién ventricular

(141). De forma similar, en nuestro estudio, encontramos una mayor proporcion de

pacientes con FEVI <40% entre los valores mas altos de suPAR y, asimismo, los pacientes
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DISCUSION

con concentraciones elevadas de suPAR se asociaron con la incidencia de i

nsuficiencia

cardiaca. Aunque este evento no fue observado con frecuencia en nuestra cohorte,

demostramos que una sola determinacidon de suPAR en el contexto de un sindrome

coronario agudo se correlacioné con la incidencia a largo plazo de insuficiencia cardiaca.

Este hallazgo proporciona una nueva perspectiva sobre la utilidad de su

PAR ya que

podria identificar a aquellos pacientes ingresados por un sindrome coronario agudo con

mayor riesgo de desarrollar insuficiencia cardiaca. Sin embargo, somos conscientes de

gue este hallazgo debe confirmarse en otros estudios debido a nuestra baja tasa de

eventos. De hecho, suPAR, también ha sido util en insuficiencia cardiaca crénica donde,

se ha identificado como un predictor independiente de mortalidad e incluso fue superior

a ST2 soluble (142).

SUPAR se ha relacionado con una mayor prevalencia de factore

s de riesgo

cardiovascular, pero se ha asociado, en especial, con la enfermedad renal. En efecto, los

pacientes con concentraciones elevadas de suPAR tenian con mayor in

cidencia de

insuficiencia renal crénica y un mayor descenso de la tasa de filtrado glomerular(93).

Con base a esta evidencia se podria asumir erréneamente que la capacidad predictiva

de suPAR viene determinada por la insuficiencia renal. Sin embargo, en pacientes con

insuficiencia renal, suPAR es predictor independiente de mortalidad incluso

en aquellos

pacientes que estan en hemodidlisis (93,134). En nuestro estudio, suPAR se asocié de

forma independiente con los eventos adversos incluso tras ajustar por filtrado

glomerular. Es importante sefialar que no hubo multicolinealidad entre las variables

incluidas en el analisis multivariable. Ademas, la asociacion de suPAR con
adversos a largo plazo permanecian estadisticamente significativos incluso

pacientes que no tenian insuficiencia renal al ingreso. Por tanto, la capacida

los eventos
en aquellos

d predictiva

de suPAR permanece tanto con la presencia como con la ausencia de insuficiencia renal.

En el contexto de un IAM, suPAR aumenta minimamente su concentracion, pero

se mantiene relativamente estable durante la fase aguda. Ademads, su capacidad

predictiva es casi idéntica tanto en la concentracion basal como con el pico

maximo de

concentracion(98). Por lo tanto, suPAR parece no estar relacionado con la extension del

dano miocardio tal y como sugieren nuestros hallazgos ya que suPAR no se

relaciond ni

con el tipo de sindrome coronario agudo ni con el pico de troponina cardiaca I. Aunque
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DISCUSION

la troponina de alta sensibilidad no estaba disponible, esto no deberia afectar los

resultados porque se utilizo la troponina cardiaca maxima.

Mas bien, suPAR se ha identificado como un biomarcador inflamatorio (88,90).

SuPAR ha sido evaluado junto con otros biomarcadores inflamatorios como la proteina

C reactiva en IAMCEST (98) o la proteina C reactiva de alta sensibilidad y la interleucina-

6 en pacientes sometidos a coronariografia (139), y en todos ellos, suPAR presento

mejor capacidad predictiva. En el contexto de un IAMCEST suPAR permanece

relativamente estable, sin embargo, la proteina C reactiva puede elevarse

marcadamente, por tanto, parece que suPAR representa una respuesta inflamatoria

diferente (92). De hecho, suPAR se ha identificado como un biomarcador de inflamacion

de bajo grado y se ha relacionado con un dafio organico subclinico (90). Desde el punto

de vista fisiopatologico, suPAR se ha asociado con la aterogénesis, la progresion de la

aterosclerosis y desestabilizacion de la placa (91,92). Se sabe que la respuesta

inflamatoria esta involucrada con la progresion de la placa y el dafio vascular y suPAR

podria ser un marcador de este proceso. Sin embargo, se necesitan mads estudios para

esclarecer los mecanismos subyacentes suPAR en relacién con la enfermedad

cardiovascular.

En conjunto, suPAR es un biomarcador interesante que podria utilizarse para la

estratificacion del riesgo a largo plazo de los pacientes ingresados por un sindrome

coronario agudo y ayudar asi en la toma de decisiones para iniciar terapias encaminadas

a prevenir o retrasar los eventos adversos. Por ejemplo, permitiria realizar seguimiento

mas estrecho y mayor intensificacidon del control de los factores de riesgo cardiovascular

en aquellos pacientes con suPAR elevado. Ademas, SUPAR es relativamente estable

durante el IAM, libre de cambios circadianos, estable en plasma y facil de medir(144).

Sin embargo, se han reportado diferentes valores de corte de suPAR lo que dificulta su

interpretacion. Por eso, se necesitan mas estudios en sujetos con sindrome coronario

agudo para validar un punto de corte éptimo para el riesgo a largo plazo. De todos

modos, incluso los valores de corte relativamente bajos que mostramos en nuestro

estudio son utiles para la estratificacion del riesgo en pacientes con sindrome coronario

agudo.
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7. LIMITACIONES
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LIMITACIONES

A pesar de que los estudios pretenden valorar los tres biomarcadores en un
escenario clinico cercano a la practica clinica habitual hay que considerar las siguientes

limitaciones:

Se trata de un estudio realizado en un uUnico centro, observacional y con una
muestra relativamente pequena. SDF-1, GDF-15 y suPAR se determinaron en una sola
ocasiéon por lo que desconocemos la cinética de estos biomarcadores en nuestra
poblacién o si el tiempo entre el inicio de los sintomas y la recogida de la muestra

pudiera mejorar o empeorar los resultados observados.

Por otro lado, el bajo numero de eventos de insuficiencia cardiaca en el
seguimiento pueden haber sobreestimado los cocientes de riesgo (hazard ratio en
inglés) relacionados con este evento. No obstante, tanto para GDF-15 como suPAR la
gran mayoria de eventos de insuficiencia cardiaca se presentaron en pacientes con
concentraciones elevadas de dichos biomarcadores mostrando asi una excelente

asociacion.

A pesar de que varios biomarcadores fueron analizados junto a SDF-1, GDF-15y
suPAR nuestro estudio no aporta datos de otros biomarcadores como los péptidos

natriuréticos o marcadores inflamatorios como la proteina C reactiva ultrasensible.

Por la naturaleza de los estudios retrospectivos y observacionales y, a pesar de

realizarse un analisis multivariante, puede haber ciertos confundidores residuales.

Finalmente, tras el alta hospitalaria y durante el seguimiento se desconoce el
tratamiento realizado y su posible impacto en los eventos registrados durante el

seguimiento.
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8. CONCLUSIONES
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CONCLUSIONES

En la evaluacion de nuevos biomarcadores con finalidad pronéstica a largo plazo
en pacientes atendidos por sindrome coronario agudo vy, siguiendo los objetivos

propuestos y los resultados obtenidos en esta tesis doctoral, podemos concluir que:

1. En el contexto de un sindrome coronario agudo, los pacientes que tienen
concentraciones elevadas de SDF-1, GDF-15 y suPAR presentan mayor riesgo de muerte
y de MACE a largo plazo. Ademas, los sujetos con concentraciones elevadas de GDF-15

muestran mayor riesgo de insuficiencia cardiaca.

2. Con relacién ala mortalidad total, SDF-1, GDF-15 y suPAR aportan informacién
prondstica adicional respecto a los factores de riesgo tradicionales mejorando asi la
capacidad prondstica a largo plazo en el sindrome coronario agudo. Asimismo, GDF-15

mejora la capacidad prondstica de los MACE y la insuficiencia cardiaca.

3. Las personas ingresadas por sindrome coronario agudo con concentraciones
plasmaticas elevadas de GDF-15 y suPAR tienen mayor carga de factores de riesgo y

antecedentes cardiovasculares.

4. Los pacientes con sindrome coronario agudo y niveles elevados de SDF-1, GDF-

15 y suPAR presentan una tendencia no significativa a sufrir nuevos IAM a largo plazo.

Concluyendo, SDF-1, GDF-15 y suPAR son biomarcadores que aportan
informacién prondstica valiosa en pacientes ingresados por sindrome coronario agudo
y permiten estratificar a los pacientes en funcién del riesgo de eventos adversos. Asi, la
identificacion de los pacientes con mayor riesgo podria optimizar el disefio de
estrategias terapéuticas mas intensivas para mitigar este riesgo, lo que deberia ser

considerado en futuras investigaciones.
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