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1.1. Aspectos generales del cancer colorrectal

El cancer colorrectal (CCR) es uno de los canceres mas frecuentes a nivel
mundial, ocupando el tercer lugar en incidencia. Se estima que se diagnosticaran
2.048.108 casos en 2025, tratdndose del segundo cancer en mortalidad, con unas
961.485 muertes por esta causa en el presente afiol". En nuestro pais, la Red Espafriola
de Registros de Cancer senald que en 2024 se diagnosticaron 44.294 nuevos casos y
en los ultimos datos de 2022, las defunciones por cancer de colon, recto o ano

ascendieron a 15.198 casos'?.

La incidencia y mortalidad son variables entre diferentes paises debido a factores
como la edad, el sexo y la raza®. Las mayores incidencias se registran en los paises
desarrollados, debido a factores dietéticos y de estilo de vida, aunque en los ultimos
afios se ha observado un aumento en el numero de casos en paises menos
desarrollados en relacion con una integracion de estos factores de riesgo propios de los

paises con mayor incidencia de CCR.

Existen ciertos factores de riesgo no modificables que aumentan la incidencia de
CCR, como la edad, el sexo y la presencia de algunas enfermedades. El mas relevante
es la edad: el 70% de los pacientes con CCR se diagnostican por encima de los 65
afosP. El diagndstico en menores de 40 afios es muy poco frecuente, aunque la
incidencia en este grupo de poblacion esta aumentando debido a los cambios en el estilo
de vidal®. También se encuentran diferencias en ambos sexos, siendo un 25% mas
incidente en hombres?®, aunque algunos estudios han mostrado que el cancer de colon

derecho es mas frecuente en mujeres!’.

La raza se reconoce como un factor de riesgo no modificable en la epidemiologia
del cancer colorrectal, observandose diferencias significativas en términos de
incidencia, mortalidad y caracteristicas clinicas entre distintos grupos raciales y étnicos.
En Estados Unidos, tanto la poblacion afroamericana como la nativoamericana
presentan tasas mas elevadas de incidencia y mortalidad en comparacién con otros
grupos, con diferencias en la supervivencia global que superan el 5%. Especificamente,
los pacientes afroamericanos suelen ser diagnosticados a edades mas tempranas y en
estadios mas avanzados de la enfermedad. Estas disparidades tienen un origen
multifactorial, en el que confluyen factores socioeconémicos, posibles diferencias en la

biologia tumoral y desigualdades estructurales dentro del sistema sanitario®®.



Los factores genéticos desempefian un papel fundamental en la etiopatogenia
del CCR. Entre los sindromes hereditarios mas prevalentes se encuentran la poliposis
adenomatosa familiar y el sindrome de Lynch, los cuales conllevan un riesgo estimado
de desarrollar la enfermedad cercano al 100% y entre el 50% y el 80%, respectivamente,

en ausencia de intervencion preventiva o tratamiento especifico®.

Algunas enfermedades pueden predisponer al desarrollo de CCR, como la
diabetes tipo 2 que aumenta hasta en un 30% el riesgo!®. Otra patologia mas claramente
relacionada con el CCR es la enfermedad inflamatoria intestinal: estos pacientes
presentan un riesgo de 2 a 6['" veces mayor a la poblacién general de ser
diagnosticados de CCR a lo largo de su vida, adelantandose su aparicion unos 7,7 afos
respecto al resto de la poblacién, asociandose ademas a un peor pronésticol'"l. Tanto
en la enfermedad de Crohn como en la colitis ulcerosa existe un aumento del riesgo de
cancer de colon, mientras que la relacién con el cancer de recto esta mas establecida
en la colitis ulcerosal'?. De estos hallazgos se deduce la importancia del screening
precoz endoscopico en pacientes con enfermedad inflamatoria intestinal en edades

tempranas, con el objetivo de disminuir la mortalidad en este grupo!'®.

En cuanto a los factores de riesgo modificables se ha observado que un consumo
elevado de carne roja (50g al dia) aumenta el riesgo de cancer colorrectal un 17%!".
Un riesgo similar, entorno al 15%, se ha atribuido al consumo de tabaco!™, bebidas
azucaradas!™ y al consumo moderado de alcohol. El riesgo de este Ultimo se eleva
hasta el 40% en pacientes con consumo elevado de alcohol (>50g diarios)!"®l. Algunos
estudios han encontrado que un aporte elevado de vitamina D y calcio disminuye el
riesgo de CCRI'""8],

Actualmente, la cirugia sigue siendo el pilar fundamental del tratamiento del
cancer colorrectal. La reseccion quirurgica completa del tumor, con margenes libres, y
una linfadenectomia extensa, ofrecen la mejor oportunidad de curacién y es fundamental

para obtener un control local de la enfermedad!'.

Otros pilares del tratamiento son la quimioterapia y la radioterapia, que
contribuyen de forma significativa a mejorar la supervivencia global y libre de

enfermedad, dependiendo del estadio y localizacion tumoral.

La quimioterapia tiene un papel central tanto en la enfermedad localizada como
en la metastasica. En etapas localizadas, la quimioterapia adyuvante mejora la
supervivencia en pacientes con enfermedad de alto riesgo, especialmente en estadio IlI

y algunos casos seleccionados de estadio I, con un beneficio absoluto en supervivencia



a 5 afios de aproximadamente 5%,

En enfermedad metastasica, la quimioterapia
sistémica prolonga la supervivencia y puede convertir metastasis inicialmente
irresecables en resecables, permitiendo potenciales curas en una minoria de

pacientes!?',

La radioterapia es fundamental en el manejo del cancer de recto localmente
avanzado, donde se utiliza en el contexto neoadyuvante, sola o combinada con
quimioterapia, para reducir la recurrencia local y mejorar la posibilidad de reseccion
completa®?. En cancer de colon, la radioterapia tiene un papel muy limitado,
reservandose para casos con invasion local extensa o margenes positivos tras

cirugial®.

A pesar de los avances en las técnicas quirurgicas, la quimioterapia adyuvante
y las terapias dirigidas, el prondstico del CCR sigue siendo incierto en muchos casos,

especialmente en etapas intermedias y avanzadas.

1.2. Pronéstico del cancer colorrectal

El prondstico del CCR es multifactorial y debe evaluarse en funcion de una serie
de variables clinicas, histolégicas y moleculares para una adecuada estratificacion y
manejo individualizado. Es por ello por lo que se han descrito numerosos factores

prondsticos relacionados con la supervivencia del CCR.

La clasificacion TNM establecida por la American Joint Comittee on Cancer
(AJCC) constituye el principal factor pronostico del CCR®. Su validez radica en su
capacidad para estratificar a los pacientes en grupos segun la situacion de la

enfermedad al diagndstico, integrando tres dimensiones patoldgicas clavel?!:

e T (profundidad de la invasion): los tumores T1-T2 (limitados a la capa
mucosa/submucosa o0 muscular propia - estadio 1) presentan
supervivencias a los 5 afios de hasta el 95%, mientras que, en los mas
avanzados, T3-T4 (afectacion de la capa serosa o invasion de otros
organos — estadio Il) la supervivencia disminuye hasta el 60-70%.

o N (afectacion ganglionar): la presencia de células tumorales en los
ganglios linfaticos regionales (estadio Ill) disminuye drasticamente la
supervivencia a 5 anos, siendo del 65% cuando la afectaciéon es de 1-3

ganglios y cayendo hasta el 35% cuando la afectacién es mayor.



M (afectacion de 6rganos a distancia): el estadio IV supone el de peor

prondstico de la enfermedad, con supervivencias medias de 18 meses.

En casos seleccionados de enfermedad oligometastasica (hepaticas o

pulmonares Unicas) se pueden alcanzar supervivencias del 30-50% a 5

afnos tras terapias multimodales.

En la siguiente tabla observan las diferencias en supervivencia segun el estadio

tumoral basado en la 82 edicidn de la clasificacion TNM®2425!:

ESTADIO | T (Tumor) | N (Ganglios) | M (Metastasis) | Supervivencia a 5 afios
0 Tis NO MO >95%
I T1-T2 NO MO 90-95%
A T3 NO MO 80-85%
IIB T4a NO MO 75-80%
lic T4b NO MO 60-65%
A T1-T2 N1 MO 70-75%
T1 N2a MO
nB T1-T2 N2b MO 40-60%
T2-T3 N2a MO
T3-T4a N1 MO
lnc T3-T4a N2b MO 25-30%
T4a N2a MO
T4b N+ MO
IVA Cualquier T | Cualquier N M1a 20-25%
IVB Cualquier T | Cualquier N M1b 10-15%
IvC Cualquier T | Cualquier N M1c 5%

Pese a su inestimable utilidad para estratificar a los pacientes segun el estadio

de la enfermedad y su prondstico, la clasificacion TNM presenta algunas limitaciones,

como aquellos pacientes estadio IlI/IV irresecables de inicio que tras tratamiento médico

con quimio y/o radioterapia y se convierten en resecables, modificando el prondstico

independientemente del TNM inicial. Otra limitacion es que esta clasificacion no integra

muchos otros factores bioldgicos, clinicos y analiticos que se han relacionado con el

prondstico de la enfermedad!

26]

Los factores bioldgicos mas ampliamente estudiados son los siguientes:




Localizacion tumoral: el cancer de colon derecho presenta peor prondstico

que el localizado a nivel izquierdo®?”

, particularmente en los estadios
avanzados Il y IV?®, Estas diferencias se deben a diferentes factores:

o Origen embrionario: el colon derecho deriva del intestino primitivo

medio y el izquierdo del primitivo posterior, implicando diferencias en
biologia celular, vascularizacion y expresion génica.

o Moleculares y genéticos: el colon derecho presenta mayor frecuencia

de inestabilidad de microsatélites y mutaciones de BRAF, mientras
que el colon izquierdo presenta mutaciones mas frecuentes en KRAS
y TP53, asociado a tumores mas diferenciados!?®.

o Microambiente tumoral: diferencias en la microbiota entre colon

derecho e izquierdo que pueden variar el entorno inmunolégico entre
una zona y otra, asi como la presencia de factores inflamatorios que
pueden favorecer el desarrollo tumoral®®.

o Presentacién clinica: el colon derecho se diagnostica mas

tardiamente por un crecimiento mas silente y sintomas mas
inespecificos, mientras que el colon izquierdo presenta sintomas
tempranos como cambios en el ritmo deposicional y/o sangrado, que
propician un diagnostico mas temprano.
Invasion linfovascular: es la presencia de células tumorales dentro de
vasos linfaticos o sanguineos, identificada histopatolégicamente en la pieza
quirargica. Su hallazgo indica que el tumor ha adquirido la capacidad de
diseminarse mas alla del sitio primario a través de los vasos, lo que
representa un paso temprano en el proceso metastasico. Con una incidencia
entre el 5y el 30% se asocia de manera independiente con un prondstico

desfavorable®!

. Se correlaciona ademas con un mayor grado histoldgico y
estadios avanzados, asi como mayor riesgo de recurrencia local y sistémica
y menor supervivencia global y libre de enfermedad, tanto en etapas
tempranas como avanzadas de la enfermedad®®?. Concretamente la invasién
vascular extramural se relaciona con un peor prondésticol.

Invasion perineural: se asocia de manera independiente con un prondstico
desfavorable. Se correlaciona con un mayor riesgo de recurrencia local,
menor supervivencia global y libre de enfermedad, independientemente de
otros factores pronosticos®. Diversos estudios y metaandlisis han
demostrado que su impacto es comparable al de la afectacion ganglionar. En
pacientes con enfermedad estadio Il, la supervivencia de quienes presentan

invasion perineural es similar a la de pacientes con estadio Ill, lo que ha



llevado a considerar la presencia de este factor como criterio de alto riesgo

para indicar quimioterapia adyuvantef®.

¢ Gemacion o budding tumoral: es un hallazgo histopatolégico que describe
la presencia de pequefios grupos de células tumorales que se desprenden
del tumor principal y se infiltran en el tejido conectivo adyacente. Se
considera que este hecho facilita la diseminacién tumoral al adquirir las
células caracteristicas mas moviles e invasivas. Se ha descrito como factor
independiente predictor de progresion de la enfermedad y de muerte por
cancer®®,

¢ Grado de diferenciacion tumoral: constituye un factor prondstico adverso
independiente del estadio en el cancer colorrectal, un mayor grado tumoral
se asocia a una menor supervivencia libre de enfermedad, menor
supervivencia especifica por cancer y un mayor riesgo de recurrencia®®’. Un
grado tumoral alto suele relacionarse con un estadio mas avanzado, mayor
profundidad de invasion tumoral, afectacion ganglionar e invasion
linfovasculart®®!,

e Marcadores moleculares:

o BRAF: La mutaciéon de este biomarcador es mas frecuente en
mujeres y pacientes de mayor edad y se asocia con tumores peor
diferenciados, mucinosos y de localizacion en colon proximal®®®. Esta
claramente establecido que es un factor de mal prondstico en la
enfermedad metastasica. Mientras que en estadio | se ha visto que el
BRAF mutado no influye en el prondstico, existe mayor controversia
sobre los estadios 11-1111%],

o KRAS y NRAS: siendo mas frecuente el primero, la mutacion de estos
marcadores se relaciona con una ausencia de regulacion en el
crecimiento del tumor y es un predictor de resistencia a terapias anti-
EGFRM41 Mientras que en la enfermedad metastasica se han

relacionado con un peor prondstico*?

, ho esta tan establecida esta
relacion en los estadios previos®.
e Marcadores tumorales:

o Antigeno carcinoembrionario (CEA, por sus siglas en inglés): es una
glicoproteina cuya elevacion en sangre se ha asociado a mayor
agresividad tumoral en el CCR. Multiples estudios han mostrado que
niveles elevados de CEA al diagnodstico se relacionan con una peor
supervivencia global y especifica, incluso en pacientes sin afectacion

ganglionar ni a distancial**®!,
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o Antigeno Carbohidratado 19.9 (CA19.9, por sus siglas en inglés):
clasicamente relacionado con el cancer pancreatobiliar, también se
ha relacionado con una mayor carga tumoral, presencia de
metastasis y peor supervivencia en el CCR, especialmente cuando
se combina con niveles elevados de CEA. Se trata de un marcador
de expresion variable en la poblacién, que se puede alterar en
patologia benigna y con menor especificidad que el CEA, por lo que

se recomienda que sea de uso complementario a este!*’48l,

Recientemente, teniendo en cuenta el envejecimiento poblacional, se ha

demostrado cierta implicacion de factores relacionados con el paciente:

Edad: los pacientes de mayor edad presentan peor supervivencia global y
especifica en comparacion con los pacientes mas jovenes. Este peor
pronostico se asume por la comorbilidad de los pacientes, por una mayor
morbimortalidad postoperatoria y por una menor utilizacién de tratamientos
oncolégicos (quimioterapia y radioterapia)i*?.

Sexo: clasicamente se ha identificado como un factor de riesgo, siendo las
mujeres las que presentan un mejor pronostico, especialmente las
diagnosticadas antes de los 65 afios y con enfermedad localizada. Esta
ventaja se atribuye, entre otros, al factor protector de los estrogenos
endogenos y por la presencia de perfiles inmunoldgicos asociados a mejor
prondstico®.  Sin embargo, estudios mas recientes no han encontrado
diferencias en supervivencia entre ambos sexos®l.

Comorbilidad: es un factor prondstico independiente de supervivencia
global y especifica en CCR. Las comorbilidades, evaluadas mediante escalas
como el indice de Charlson se asocian con mayor morbimortalidad, menor
probabilidad de recibir tratamientos adyuvantes y mayor riesgo de
complicaciones postoperatorias!®>®®. Existe evidencia que relaciona la
presencia de comorbilidades con un diagnéstico tardio, sobretodo en
pacientes con enfermedades crénicas?®.

Fragilidad: se asocia con un peor prondstico en pacientes con CCR, tanto
en supervivencia como morbimortalidad postoperatorial®. La literatura
respalda que la fragilidad, evaluada mediante escalas como la Clinical Frailty

Scale o el Frailty Index, es un marcador prondstico relevante en CCR®!.
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La mayoria de factores prondsticos previamente descritos, a excepcién de los
relacionados propiamente con el paciente, presentan ciertas limitaciones para la
estratificacion del riesgo al momento del diagndstico. La mas relevante es que la
mayoria de ellos no pueden determinarse hasta después de la cirugia. Ademas, algunos
parametros, como los marcadores moleculares, pueden implicar un coste elevado y no

estar disponibles en todos los entornos sanitarios.

Por este motivo, investigaciones recientes se han dirigido a considerar otros
posibles marcadores prondsticos, mas asequibles y de menor coste, que han sido
clasicamente menos estudiados. Por una parte, cabe considerar el estado inflamatorio
del paciente, medido mediante parametros inflamatorios obtenidos en un analisis de
sangre y, por otra parte, la evoluciéon en el postoperatorio tras la cirugia por CCR, es

decir, la aparicion de complicaciones postoperatorias.

1.3. Estado inflamatorio

La relacién entre inflamacion y cancer ha sido objeto de estudio desde hace mas
de un siglo. Ya en 1863, Rudolf Virchow propuso que los procesos inflamatorios crénicos
podian favorecer la aparicion de tumores, al observar infiltrados leucocitarios en tejido
tumoral. Desde entonces, se ha consolidado la evidencia que demuestra que la
inflamacién no solo participa en las fases iniciales de la carcinogénesis, sino que
también desempefia un papel central en la progresion, angiogénesis, invasion y

metastasis de multiples tipos de cancer, incluido el CCRE..

El CCR es un claro ejemplo de neoplasia en la que la inflamacién esta implicada
en su origen y evolucioén. Las enfermedades inflamatorias intestinales crénicas, como la
colitis ulcerosa y la enfermedad de Crohn, aumentan significativamente el riesgo de
desarrollar CCR, lo que refuerza el vinculo etiopatogénico entre inflamacion persistente
y transformacion neoplasica!'®. A nivel molecular, los procesos inflamatorios contribuyen
a la produccién de radicales libres de oxigeno y nitrégeno que causan dafio al ADN,
activacion de oncogenes, inhibicion de genes supresores tumorales y alteracion del

microambiente tisulart®®!.

Durante el desarrollo tumoral, las células malignas pueden inducir un estado
inflamatorio sistémico mediante la secrecién de citocinas proinflamatorias, como la
interleucina-6 (IL-6), el factor de necrosis tumoral alfa (TNF-a) o la proteina C reactiva

(PCR). Este estado inflamatorio puede suprimir la inmunidad antitumoral, favorecer la
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angiogénesis y facilitar la diseminacion metastasica®. En consecuencia, la respuesta
inflamatoria sistémica del paciente se ha convertido en una variable de interés como

potencial marcador de prondstico.

La medicion indirecta de este estado inflamatorio mediante parametros analiticos
accesibles ha cobrado especial relevancia en los ultimos afios. Marcadores como la
PCR, el indice plaqueta-linfocito (IPL) y el indice neutrdfilo-linfocito (INL) han sido objeto
de multiples estudios que apuntan a su utilidad tanto para predecir complicaciones
postoperatorias como para estimar la supervivencia a largo plazo en pacientes con
CCR®?,

Estas observaciones han impulsado un cambio en la concepcién del prondstico
oncoldgico, pasando de una vision centrada exclusivamente en el tumor a un enfoque
mas integral que contempla la interaccion entre el tumor y el paciente. En este nuevo
marco, la inflamacion sistémica se perfila como un componente clave que puede ofrecer

informacion adicional y complementaria a la estadificacion tradicional.

La progresion del cancer colorrectal no depende exclusivamente de las
caracteristicas intrinsecas del tumor, sino también de su interaccién con el sistema
inmunitario del huésped y el entorno inflamatorio sistémico. En este contexto, se ha
demostrado que ciertos parametros inflamatorios, facilmente accesibles mediante
analisis de laboratorio rutinarios, pueden reflejar el equilibrio entre mecanismos

proinflamatorios y antitumorales.

La Proteina C Reactiva se sintetiza en el higado en respuesta a Interleucina-6,
TNF-a e IL-1B y actua como un marcador sensible de inflamacion sistémica. A nivel
molecular facilita la opsonizacion y activacion del complemento, modulando tanto la

respuesta inmunitaria innata como la adaptativa'®'l.

En oncologia, una PCR elevada refleja una respuesta inflamatoria generalizada
que puede estar vinculada a la secrecién de citocinas por el tumor y su microambiente,
asi como a procesos infecciosos concomitantes®?. Es por este motivo que ha emergido
como un marcador pronoéstico relevante en el cancer colorrectal. Se ha descrito que el
valor de PCR elevado en el preoperatorio puede ser un marcador prondstico de
supervivencial®, algunos estudios han reportado diferencias de supervivencia a los 5
anos de hasta el 30% entre aquellos pacientes que presentaban una PCR pre y
postoperatoria baja respecto aquellos que la presentaban elevadal®. Este patrén

sugiere que la PCR no solo refleja la carga tumoral, sino también la magnitud de la
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respuesta inflamatoria del huésped, lo cual puede promover un microambiente tumoral

mas agresivo.

El indice plaqueta-linfocito es un biomarcador hematoldgico de inflamacion
sistémica que ha demostrado relevancia pronédstica en oncologia. Este marcador refleja
la interaccion entre la trombocitosis reactiva y la linfopenia relativa, lo que indica un
estado inflamatorio sistémico y una respuesta inmunitaria deprimida, es por ello por lo
que un IPL elevado se asocia con una peor supervivencia global, libre de enfermedad y

una mayor tasa de recurrencia®.

Se considera que el IPL se encuentra elevado cuando supera valores de 150-
220, punto de corte variable segun los estudios realizados. La determinacion debe
realizarse en el preoperatorio o antes de iniciar un tratamiento sistémico ya que el valor
basal refleja el estado inflamatorio sistémico y la inmunidad del paciente en relaciéon con
la carga y el microambiente tumorales, sin factores de confusién inducidos por los

diferentes tratamientos recibidos!®®!.

El indice neutréfilo-linfocito representa el cociente entre el niumero de
neutrofilos, células mediadoras de inflamacién y angiogénesis, y linfocitos, responsables
de la respuesta inmunitaria antitumoral. Un valor elevado indica una activacion
proinflamatoria con supresion relativa de la inmunidad celular, situacién que favorece el

crecimiento tumoral y la evasion inmunologica.

Desde el punto de vista bioldgico, los neutrofilos promueven la progresion del
tumor mediante la liberacién de especies reactivas de oxigeno, metaloproteinasas y
factores proangiogénicos como el VEGF. Al mismo tiempo, la linfopenia refleja una
menor actividad de linfocitos T citotoxicos, esenciales en la vigilancia inmunoldgica
contra células malignas!®’.

En un metaanalisis de mas de 40.000 pacientes con cancer avanzado, se
observd que un INL elevado se asociaba con una disminucion significativa de la

681 Asimismo,

supervivencia global en multiples tipos de tumores, incluido el CCR
Chiang et al.®® en una cohorte de més de 3.800 pacientes, demostraron que un INL >3
se asociaba con menor supervivencia libre de enfermedad, especialmente en pacientes

con cancer de colon.

Sin embargo, aunque numerosos estudios respaldan el poder predictivo del
NLR®" |a mayoria corresponde a estudios observacionales retrospectivos que no

controlan adecuadamente los factores de confusién. Ademas, los pocos estudios que
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han homogeneizado la muestra mediante emparejamiento por puntuacién de

propension’?" se han realizado con un nimero relativamente reducido de pacientes.

A diferencia del INL preoperatorio, que refleja el estado inflamatorio sistémico
basal y ha sido ampliamente vinculado con la agresividad tumoral, diversos estudios
recientes sugieren que el valor del INL tras la reseccion del tumor ofrece una estimacion
mas precisa del riesgo de recurrencia y de la supervivencia global. Esta diferencia puede
explicarse por la hipotesis de que la extirpacion del tumor primario permite una
recuperacion parcial de la funcion inmunitaria, y que los niveles postoperatorios de INL
representarian de forma mas fiel el equilibrio inmuno/inflamatorio del paciente en
ausencia del estimulo tumoral directo. Estudios como el de Guthrie* han demostrado
que un INL elevado tras el tratamiento se asocia significativamente con peor evolucion
clinica, independientemente del estadio tumoral inicial, lo que respalda su utilidad como

marcador de vigilancia a medio y largo plazo.

Estos datos han sido respaldados por un metaanalisis publicado en 2021 donde
se analizaron 25 trabajos y se demostré que la elevacion del INL postoperatorio,
determinado al menos 7 dias después de la cirugia, se asociaba con una peor
supervivencia global y libre de enfermedad en tumores sélidos, incluido el CCR. La
determinacion del INL fue variable entre los estudios con un tiempo entre 1 y 6 meses
tras la cirugia, con un punto de corte también variable entre 3 y 5%, Estos resultados
sugieren que el INL determinado tras la resolucion de la respuesta inflamatoria aguda
postquirurgica refleja mejor el estado inflamatorio sistémico persistente y la inmunidad
del paciente, siendo util para la estratificacion del riesgo y la vigilancia oncolégica en el

seguimiento de pacientes con CCR.

Otro aspecto a estudio del INL es si la variabilidad de este parametro a lo largo
del tiempo puede influir en el prondstico del CCR, es decir, si una normalizaciéon o una
alteracion del estado inflamatorio del paciente tras el tratamiento se puede traducir en
cambios en el prondstico. Un ejemplo de ello es la determinacién del delta-INL, que es
la diferencia entre el INL preoperatorio y el postoperatorio. Se ha observado que cuando
esta diferencia es mayor a 0 las tasas de supervivencia global son mayores que en los

que el delta-INL es menor a 0®!.

Los resultados anteriormente expuestos respaldan la hipétesis de que existen
diversos parametros analiticos, de facil determinacion, que pueden resultar Utiles para

estratificar el prondstico de los pacientes con diagnéstico de CCR. Entre ellos destacan
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la PCR, el IPL y, especialmente, el INL. Este ultimo ha demostrado, de forma consistente

en la literatura cientifica, ser el mas util en este contexto.

1.4. Complicaciones postoperatorias

La aparicion de complicaciones tras la cirugia del CCR es un evento
relativamente frecuente, ya sean complicaciones potencialmente quirdrgicas como la
dehiscencia de anastomosis, complicaciones infecciosas o hemorragicas o
complicaciones médicas como eventos cardiovasculares, tromboembdlicos y/o

nefroldgicos, entre otros.

La presencia de complicaciones postoperatorias se asocia con mayor riesgo de
recurrencia tumoral y menor supervivencia global y especifica, siendo este efecto mas
pronunciado en complicaciones graves. Particularmente, las complicaciones infecciosas
se han identificado como factor independiente de peor prondstico, incrementando el

riesgo de recaida y la mortalidad a largo plazo”.

Se cree que esta relacion puede ser debida a la activacion de respuesta
inflamatoria sistémica, inmunosupresion transitoria y/o retraso en el inicio de los
tratamientos adyuvantes, lo que puede favorecer la progresiéon tumoral y la diseminacion
micrometastasica. Algunos estudios sugieren que, si se logra evitar un retraso
significativo en la administracion de tratamiento adyuvante, el impacto negativo de las

complicaciones postoperatorias podria atenuarsel’®.

Con el proposito de estandarizar la valoracion de la gravedad de las
complicaciones postoperatorias, se han desarrollado y validado diversas escalas
objetivas de estratificacion, las cuales permiten unificar criterios diagnosticos y
terapéuticos entre distintos especialistas, facilitando asi la comparacion interinstitucional

e interdisciplinaria de resultados clinicos.

La clasificacion de Clavien-Dindo es un sistema estandarizado utilizado
internacionalmente para categorizar las complicaciones postoperatorias en funcién de
su gravedad. Fue inicialmente propuesta en 1992 y posteriormente modificada y
validada en 2004, con el objetivo de proporcionar una herramienta objetiva, reproducible
y clinicamente relevante que permitiera la comparacién de resultados quirurgicos entre

diferentes instituciones y estudios!’..

16



A diferencia de sistemas anteriores, la clasificacion de Clavien-Dindo no se basa
en juicios subjetivos del cirujano, sino en el tipo de intervencion requerida para tratar la
complicacién, siendo asi aplicable de forma estandarizada en diferentes contextos

quirurgicos.
La clasificacion se subdivide en los diferentes grados:

¢ Grado 0: Ausencia de complicaciones

¢ Grado I: Cualquier desviacion del curso postoperatorio normal sin necesidad
de tratamiento farmacologico, quirurgico, endoscopico ni radiologico. Se
permite el uso de medicamentos como antieméticos, antipiréticos,
analgésicos, diuréticos, electrolitos y fisioterapia. Incluye heridas quirurgicas
que requieren solo apertura sin anestesia.

e Grado II: Complicaciones que requieren tratamiento farmacolégico con
farmacos distintos a los permitidos para el grado I. Incluye transfusiones
sanguineas y nutricion parenteral total.

e Grado Ill: Complicaciones que requieren intervencion quirurgica,
endoscopica o radiologica.

o Grado llla: Intervencion sin anestesia general.
o Grado lllb: Intervencion bajo anestesia general.

¢ Grado IV: Complicaciones que ponen en peligro la vida del paciente, que

requieren manejo en unidad de cuidados intensivos (UCI).
o Grado IVa: Disfuncién de un solo 6rgano.
o Grado IVb: Disfuncion multiorganica.

¢ Grado V: Muerte del paciente.

Si bien la clasificacion de Clavien-Dindo ha supuesto un avance significativo en
la estandarizacion de la evaluacion de las complicaciones postoperatorias, su principal
limitacion radica en que solo considera la complicacion de mayor gravedad sufrida por
el paciente, sin tener en cuenta la morbilidad acumulativa cuando existen multiples
eventos adversos. Para superar esta limitacion, Slankamenac et al. propusieron en 2013
el Comprehensive Complication Index (CCIl), una herramienta cuantitativa derivada

directamente de la clasificacion de Clavien-Dindo®!.

El CCI permite calcular un indice continuo entre 0 (sin complicaciones) y 100
(muerte del paciente), que refleja con precision la carga total de morbilidad

postoperatoria experimentada por un individuo. Este indice se basa en un modelo
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matematico que pondera todas las complicaciones sufridas por el paciente segun su
grado en la escala de Clavien-Dindo, integrandolas en una sola puntuacion. De este
modo, el CCI representa de forma mas sensible y exacta el impacto global de las

complicaciones en el resultado quirurgico.

Existe una férmula para realizar el calculo, pero en la practica el calculo se realiza
frecuentemente utilizando herramientas electrénicas validadas, como la calculadora

disponible en https://www.assessurgery.com.

La siguiente tabla presenta ejemplos ilustrativos de posibles complicaciones
postoperatorias, categorizadas segun la puntuacion obtenida en el CCl y su correlacion

con los distintos grados de la clasificacion de Clavien-Dindo:

CCl | Clavien-Dindo Gravedad Ejemplo
0 0 Sin complicaciones -

1-20 -1l Leves Nauseas, Infeccién de herida
21-40 l-llla Moderadas Coleccion postquirargica, Neumonia
41-60 b Graves Reintervencién quirurgica
61-99 IVa-IVb Muy graves Fracaso multiorganico, UCI

100 Vv Muerte -

Como ventajas del CCl se puede mencionar que captura la carga acumulativa
de morbilidad, incluso en presencia de multiples complicaciones menores, que permite
comparaciones mas precisas entre series de pacientes y que facilita el analisis

estadistico al ser una variable continua.

El uso combinado del sistema de Clavien-Dindo y del CCI proporciona una vision
integral del perfil de seguridad de un procedimiento quirurgico, permitiendo tanto la
identificacion de complicaciones individuales significativas como la cuantificacion global

del impacto sobre la salud del paciente.

Considerando las multiples repercusiones que conllevan las complicaciones
postoperatorias en la cirugia del CCR tanto a corto plazo —como el incremento de la
morbimortalidad, la prolongacién de la estancia hospitalaria y el aumento de los costes
sanitarios— como a largo plazo —particularmente en términos de un peor prondstico
oncologico—, uno de los principales objetivos en la practica quirurgica ha sido, durante

afos, la deteccion precoz de dichas complicaciones. Esta estrategia busca minimizar
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las consecuencias derivadas de un diagnodstico tardio, optimizando asi la evolucion

clinica del paciente y su supervivencia a largo plazo.

Una herramienta que ha demostrado ser de gran utilidad en la deteccién precoz
de complicaciones en el postoperatorio del CCR es la PCR®". Se considera que una
elevacion de la PCR en el postoperatorio puede revelar la futura aparicion de una
complicacién postoperatoria, siendo este parametro la primera manifestacion de un
estado inflamatorio sistémico. Clasicamente el estudio principal ha sido para predecir la
aparicion de dehiscencia de anastomosis en el postoperatorio®, con especial interés
en qué dia realizar la determinacién y cual es el valor a partir del que se debe sospechar
la presencia de dehiscencia de anastomosis. En términos generales se acepta que la
determinacion el tercer o cuarto dia®! son los que presentan mayor sensibilidad y
especificidad y que se debe sospechar dehiscencia de anastomosis en valores de
PCR>130mg/L[®4,

Menos evidencia hay sobre impacto del global de complicaciones
postoperatorias sobre la PCR y, mayoritariamente se ha hecho clasificando las
complicaciones segun la clasificacién de Clavien-Dindo®?. Valores de PCR por encima
de 150mg/L en el tercer o cuarto dia postoperatorio se relacionaron con un Clavien-

Dindo mayor de 3, segiin McSorley!®!.

Aunque son escasos los estudios que han evaluado la relacion entre la PCR y el
CCIl en cirugia colorrectal, Yong et al. lo utilizaron para cuantificar la morbilidad
postoperatoria y propusieron que una PCR inferior a 64,7 mg/L permite un alta

hospitalaria segura, con bajo riesgo de complicaciones postoperatorias!®’..

La PCR ha mostrado ser el parametro analitico por excelencia para la deteccion
de complicaciones postoperatorias. No obstante, otros biomarcadores biologicos
pueden ser de utilidad para ello, como es el caso del INL. Se ha estudiado ampliamente
si la elevacion de este marcador en el preoperatorio podria ser predictor de
complicaciones postoperatorias, confirmando que se relaciona con las complicaciones

(88]

infecciosas™™ y la dehiscencia de anastomosis, en este caso se establecid, en una serie

de poblacion de edad elevada, un punto de corte de INL preoperatorio >2,66!.

Se ha demostrado también la utilidad de la monitorizacion del INL en el

postoperatorio: en el primer dia postoperatorio se ha descrito que un INL>9,3 se asocia

[90]

con una mayor incidencia de complicaciones postoperatorias®™, mientras que un
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INL<5,26 el tercer dia postoperatorio presenta un alto valor predictivo negativo para

descartar complicaciones postoperatorias®'l.

Aunque los biomarcadores inflamatorios sistémicos han demostrado un valor
potencial tanto en la prediccion de complicaciones postoperatorias como en la
estimaciéon del prondstico oncologico, la calidad metodolégica de los estudios
disponibles sigue siendo una limitacién importante. Muchos de los trabajos publicados
son de caracter retrospectivo, con poblaciones heterogéneas, sin control adecuado de
los factores de confusion y con puntos de corte variables entre estudios, lo que dificulta

su aplicacién en la practica clinica.

Ademas, muchos estudios no han abordado de forma simultanea los dos
aspectos mas relevantes desde el punto de vista clinico: la prediccion de complicaciones
postoperatorias (que pueden influir negativamente en la recuperacion, la posibilidad de
recibir tratamiento adyuvante y la calidad de vida del paciente) y la estimaciéon del

prondstico a largo plazo (supervivencia global y libre de enfermedad).

Como ya se ha mencionado previamente, las complicaciones postoperatorias en
pacientes intervenidos por CCR no solo representan un aumento en la morbimortalidad
inmediata, sino que han sido consistentemente asociadas con un impacto negativo en
el prondstico oncolégico a medio y largo plazol®. Diversos estudios han evidenciado
que la presencia de complicaciones graves, en especial las infecciosas como la
dehiscencia anastomatica o la sepsis abdominal, se correlaciona con una mayor tasa
de recurrencia tumoral y una menor supervivencia global. Esta asociacion ha sido
atribuida, en parte, a la activaciéon de un estado proinflamatorio sistémico en el
postoperatorio que podria favorecer la diseminacion tumoral residual o la creacion de
un microambiente prooncogénico!®.

Sin embargo, hallazgos mas recientes, como los presentados por el grupo
RectoLeak®, cuestionan esta relacion directa, sugiriendo que, gracias a los avances en
el diagnéstico precoz y la optimizacion de las estrategias terapéuticas, la aparicién de
complicaciones postoperatorias —incluida la dehiscencia de anastomosis— no
necesariamente se traduce en un peor prondstico oncolégico. Esta discrepancia entre
estudios podria deberse a diferencias en el tiempo de intervencion, la experiencia

quirurgica, los protocolos de seguimiento y el acceso a recursos asistenciales.
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En cualquier caso, se mantiene la hipotesis de que marcadores inflamatorios
como la PCR podrian desempefar un papel crucial tanto en la deteccién temprana de
complicaciones como en su manejo oportuno, contribuyendo asi indirectamente a
preservar el pronéstico a largo plazo. Ademas, la prolongacion del ingreso hospitalario,
la demora en la instauracion de tratamientos adyuvantes y el deterioro funcional del
paciente tras una complicacion severa siguen representando factores clave que

condicionan la evolucion clinica.

Por tanto, la prevencién, deteccidn precoz y el manejo adecuado de las
complicaciones postoperatorias no solo son fundamentales para la recuperacion
inmediata, sino que también constituyen un pilar esencial en el control oncoldgico

integral del paciente.
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Aunque los biomarcadores inflamatorios han sido objeto de multiples
investigaciones, su integracion practica como herramientas predictivas y prondsticas en
el cancer colorrectal aun presenta importantes vacios. En particular, la PCR ha sido
tradicionalmente asociada a la prediccion de la dehiscencia anastomética. Sin embargo,
su relacion con la morbilidad postoperatoria global no ha sido suficientemente explorada.
Esta tesis aborda esa laguna mediante su analisis en relacion con el Comprehensive
Complication Index (CCI), una herramienta cuantitativa que permite medir de forma

continua la carga total de complicaciones tras la cirugia.

Del mismo modo, aunque el INL ha sido propuesto como factor prondstico en
distintos tipos de cancer, incluido el CCR, la mayoria de estudios existentes presentan
importantes limitaciones metodoldgicas. La tesis profundiza en este campo mediante el
analisis del INL basal como predictor independiente de supervivencia, controlando los

principales factores de confusion clinicos mediante técnicas estadisticas avanzadas.

Se estudia también el valor del INL al afio del diagndstico, una vez finalizados
los tratamientos perioperatorios, y su influencia en el pronéstico del cancer colorrectal,

hallazgo que consideramos relevante y novedoso en la literatura cientifica.

Finalmente, una de las contribuciones mas destacada de esta investigacion es
el desarrollo de una escala prondstica en CCR que, por primera vez, integra de forma
explicita las complicaciones postoperatorias, medidas mediante el CCl, como variable
clave. Esta propuesta representa un avance en la estratificacion de riesgo, combinando
marcadores preoperatorios y eventos clinicos tempranos para ofrecer un modelo mas

ajustado al comportamiento real de la enfermedad.

Por tanto, esta tesis se justifica por su caracter integrador e innovador, y por su
potencial aplicabilidad clinica. Al proporcionar herramientas accesibles y validadas para
estimar el riesgo quirurgico y oncoldgico, contribuye a una medicina mas personalizada
y eficiente, centrada en la mejora de los resultados y la calidad de vida de los pacientes

con cancer colorrectal.
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En base a lo anteriormente expuesto, nos propusimos analizar:

1)

El significado prondstico de las complicaciones postoperatorias clasificadas

segun el Comprehensive Complication Index.

La utilidad diagnostica del valor de la Proteina C Reactiva en el
postoperatorio en relacion con las complicaciones postoperatorias distintas

de la dehiscencia anastomatica.

El valor prondstico del marcado inflamatorio “indice Neutréfilo-Linfocito” al

diagnéstico del cancer colorrectal en un analisis de propension.
El significado prondstico de los valores del indice Neutrdfilo-Linfocito en el

postoperatorio tardio (un afio después de la cirugia) y los cambios evolutivos

en sus valores pre y postoperatorios.
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En esta tesis se expondran cuatro estudios consecutivos de caracter descriptivo y

observacional, llevados a cabo en pacientes intervenidos por cancer colorrectal de forma

programada por la Unidad de Coloproctologia del servicio de Cirugia General y del

Aparato Digestivo del Hospital Universitario de Gran Canaria Doctor Negrin entre 2015

y 2022.

La presentacion de los articulos en este trabajo se realiza en el orden que ha sido

considerado mas adecuado para comprender la consecucion de objetivos, no por fecha

de publicacion.
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Background: Postoperative complications after colorectal cancer surgery have been associated with poor long-
term prognosis. The aim of the present study was to investigate the prognostic impact of postoperative com-
plications after colorectal cancer surgery assessed by the Comprehensive Complication Index (CCI®) and
designing a new prognostic score based on this index.

Methods: This observational longitudinal study included a series of 604 patients who underwent colorectal
surgery for cancer. Demographic data, comorbidity measured by Charlson Index, tumor characteristics, surgical
data and postoperative complications were recorded as predictors. Univariate and multivariate analysis were
performed and long-term survival was the output variable. Based on Hazard Ratios obtained on multivariate
analysis, a new score, S-CRC-PC, was created for predicting long-term survival.

Results: Two-hundred and twelve (35.1%) patients developed some postoperative complication. The mean CCI
was 11.6 (£19.19). Mild complications (CCI <26.2) were detected in 95 (15.7%) patients. Moderate compli-
cations (CCI 26.2-42.2) were detected in 64 (10.6%) patients. Severe complications (CCI >42.3) were detected in
53 patients (8.8%) patients. Mortality rate was 1.7%. In multivariate analysis, age (p < 0.001), Charlson score (p
= 0.014), CCI (p < 0.001), and TNM stage (p < 0.001) were statistically significantly in relation to long-term
survival rate. S-CRC-PC score was statistically associated with survival rate (HR: 1.34-95% CI: 1.27-1.41). Pa-
tients with S-CRC-PC values from O to 8 points (low risk), 8.1-16 points (medium risk), and scores above 16
points (high risk) had a cumulative survival rate at five-years of 98%, 83%, and 31% respectively.
Conclusions: Postoperative complications after colorectal cancer surgery assessed by CCI are an independent
prognostic factor of survival rate. The S-CRC-PC score may be helpful in predicting long-term cancer outcomes.

1. Introduction

Colorectal cancer (CRC) is the third most common cancer diagnosed
worldwide in both men and women. It is estimated that 52,980 deaths
(28,520 men and 24,460 women) will be attributed to colorectal cancer
in 2021 [1]. Although this mortality has been decreasing in recent years
due to the latest diagnostic and therapeutic advances, this disease con-
tinues to be a major health problem. In fact, colorectal cancer is the
second leading cause of cancer death in the United States for men and
women combined. Overall, the 5-year survival rate for people with
colorectal cancer, is around 65% [2].

Several factors related to the long-term survival of this neoplasm

Abbreviations: CCI, Comprehensive Complication Index; CRC, Colorectal cancer.
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have been described.

Probably, tumor stage is the most relevant factor [3] together with
other histopathological determinants such as microsatellite stability [4],
tumor budding [5], lymphovascular invasion and/or perineural inva-
sion [6], social determinants [7], tumor location [8], microenviron-
mental factors [9], and several new biomarkers [10-12].

Several reports have been published on the effect of some post-
operative complications, predominantly anastomotic leak, as a predic-
tive factor of diminished survival rate after curative resection for
colorectal cancer [13].

However, only a few studies have linked the quantification of global
postoperative complications with long-term survival in patients with
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CRC. In most of them [14,15], the severity of postoperative complica-
tions was measured mainly with the Clavien-Dindo classification [16].
This grading system reports the most severe of all the complications that
have occurred during the postoperative period. Another score, the
Comprehensive Complication Index (CCI) [17], that provides a more
sensitive endpoint for assessing postoperative complications [18], has
been less documented as predictor for long-term survival [19,20].

The aim of this study was to analyze the possible relationship be-
tween postoperative complications after radical CRC resection, quanti-
fied according to CCI score, and long-term survival, adjusted for age,
comorbidity and tumor stage. Also, we define a new prognostic index
that includes postoperative complications in order to better understand
the long-term prognosis of these patients.

2. Methods
2.1. Study design

An observational retrospective study from a prospective database
was conducted on a cohort of 604 patients who underwent elective
surgery for colorectal cancer between January 2015 and December 2019
in our institution. All patients, including stage IV, underwent surgery
with curative intent. Exclusion criteria included patients with compli-
cated CRC who required emergency surgery and those whose clinical
records or follow-up was incomplete or not available. The number and
characteristics of these excluded patients were not collected. The study
was approved by the Ethics Committee of the hospital (Code 2020-279-
1). All patients consented to participate in the study.

2.2. Management of the patient

A surgeon and an anesthesiologist pre-operatively evaluated all pa-
tients, and a complete anamnesis and physical examination were
completed. The preoperative diagnosis of CRC was made by colonoscopy
and biopsy in all the patients. The definitive diagnosis of CRC was made
by postoperative histo-pathological examination according to the diag-
nostic criteria from the American Joint Committee on Cancer staging
system (AJCC) (8th edition) [21]. All patients underwent preoperative
thoraco-abdominal tomography and/or pelvic magnetic resonance im-
aging to determine the extent of the neoplasm. Laboratory tests, elec-
trocardiograms, and additional tests were also performed based on each
patient’s underlying condition.

The day before surgery, anterograde colon mechanical preparation
was implemented in addition to preoperative antibiotic prophylaxis
before the surgical intervention. A single 2 g dose of intravenous
Amoxicillin-clavulanic acid or 600 mg of Clindamycin plus 2 mg/kg of
Gentamicin in allergic patients, were administered 30 min before sur-
gery. All the surgical procedures were performed by a specialized sur-
geon and the anastomosis were accomplished using mechanical suture
devices.

The data were gathered from a prospectively maintained database.
The following variables were evaluated:

2.3. Patient characteristics

Age and sex were recorded. For purpose of the analysis, age was
categorized in three groups: patients <65 years, patients between 65 and
75 years-old, and patients >75 years-old

2.4. Comorbidity

The Charlson Comorbidity Index was used to estimate the weights of
comorbidities found in the sample. This index was calculated preoper-
atively for each patient. The score includes 19 medical conditions with
assigned point values of 1, 2, 3, or 6, with totals ranging from 0 to 37
points [22]. Usually, 0 points represent the absence of comorbidity; low
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levels of comorbidity 1-2 points; moderate levels of comorbidity 3-4
points; and high levels of comorbidity are >4 points. In this study,
Charlson score was not adjusted for age.

2.5. Tumor characteristics

Tumor location was categorized as colon cancer or rectum cancer.
Tumor staging was performed in accordance with the 8th edition of the
American Joint Committee on Cancer staging system (TNM) [23], and
was graded as stages 0, I, II, III, and IV. Stage O corresponded to carci-
nomas “in situ”, usually in the context of degenerated colorectal polyps.

2.6. Surgical data

Surgical procedure, surgical approach (open versus laparoscopy),
postoperative complications, length of stay, and postoperative mortality
were recorded.

2.7. Post-operative complications

They were graded using the CCI® [17]. The index is based on the
complications grading by Clavien-Dindo Classification [16] and imple-
ments every occurred complication after an intervention. It was devel-
oped integrating in one single formula all recorded complications
weighted by severity [17]. This score, that summarizes all postoperative
complications, ranges from O (uneventful course) to 100 points (death),
and it was analyzed categorized as follows [24]: no complications
(Grade 0: 0 points), mild (Grade A: 1-26.1 points), moderate (Grade B:
26.2-42.2 points), and serious (Grade C: >42.3 points) complications.
The CCI was calculated using the online calculator provided at
https://www.assessurgery.com/about_cci-calculator/. Length of stay
was defined as the number of days the patients spent in the hospital after
the surgical procedure. Post-operative mortality was defined as either
any death occurring within 90 days of surgery or any later death that
was considered to be direct consequence of a postoperative
complication.

2.8. Chemotherapy

Data was also collected on whether the patient received any adjuvant
and/or neoadjuvant chemotherapy regimen. The decision to administer
chemotherapy was made based on the Protocols of the multidisciplinary
Colorectal Cancer Committee of the hospital. Patients with T3 or T4
rectal cancer and/or with lymph node involvement received neo-
adjuvant treatment with chemotherapy and radiotherapy. Patients with
metastatic colon cancer, with potentially resectable liver and/or lung
lesions, underwent neoadjuvant chemotherapy. For purpose of the sur-
vival analysis, the variable chemotherapy was dichotomized: patients
who did not receive chemotherapy versus patients who received neo
and/or adjuvant chemotherapy.

2.9. Outcomes

Long-term survival rate was defined as the period between the per-
formance of the surgical procedure and death or the date of the last
follow-up observation before the analysis, if the subject was still alive.
Their respective statuses were monitored through their medical history
or telephone contacts or their relatives’ telephone numbers. Recurrence-
free survival was defined as the time between the complete removal of
the tumor and the date of recurrence confirmed by histology or
radiology.

2.10. Statistical analysis

The data were analyzed using the statistical package SPSS 26.0 for
Windows (IBM Corporation, Armonk, NY, USA). First, a descriptive
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study of the sample was carried out. Categorical variables were
expressed as frequencies and percentages. Continuous variables such as
the mean and standard deviation (SD) when data followed a normal
distribution or as median and interquartile range (IQR = 25-75th
percentile) when distribution departed from normality were used. The
survival curves were constructed using the Kaplan-Meier method.

Univariate and multivariate analysis were then performed. Survival
rate after the surgical procedure was the output variable. The differences
between the survival curves were tested by the log-rank test. The rela-
tive prognostic significance of the variables in predicting overall sur-
vival was assessed using multivariate Cox proportional hazards
regression analysis. Hazard ratios were also calculated as association
measurements using a Cox regression model. Statistical significance was
defined as p < 0.05.

2.11. S-CRC-PC (Survival - colorectal cancer — postoperative
complications) score

Based on the values of the hazard ratios obtained in Cox regression,
simple points were assigned to each variable after multiplying the order
number of each category of the variable in which the patient was
included by the value of the hazard ratio. The definitive value of the S-
CRC-PC score was the sum of all these values for every patient (Table 1).

Finally, the score S-CRC-PC was also divided into 3 categories: low,
medium, and high risk of death during the follow-up. The cut-offs were
based on the observed results of survival tables. A calculation of CCR-
CCI score can be obtained free of charge at https://drive.google.com/
file/d/1729qz1{J-e6QQNGwJuDjncG2vk70D2zY_/view?usp=sharing
(download is required).

3. Results
3.1. Patient characteristics

Out of the 604 patients, 373 (61.8%) were men and 231 (38.2%)
were women (38.5%) (p < 0.001). Mean age was 68 years (+11.1) and

median age was 70 years (IQR: 62.0-76.0), with 319 patients (52.8%)
being older than 70 years.

3.2. Comorbidity

The median value of Charlson Index was 3.0 (IQR: 2.0-3.0). Charlson
score was <4 (low comorbidity) in 284 (47.0%) patients, 3—-4 (moderate

Table 1
Calculation of the S-CRC-PC score. Low risk: 0-8 points, intermediate risk:
8.1-16 points, and high risk of death during the follow-up: >16 points.

Age

<65 years-old = 1 x2.2 =A
65-75 years-old = 2

>75 years-old = 3

CCI

CCI0=0 x 1.4 =B
CCI<26.2=1

CCI 26.2-42.2 =2

CCI >42.3=3

Charlson Comorbidity Score

Charlson 0 = 0 x 1.4 =C

Charlson 1-2 =1

Charlson 3-4 = 2

Charlson >4 = 3

TNM stage:

TNM Stage 0 = 0 x2 =D
TNM Stage 1 =1

TNM Stage 2 = 2

TNM Stage 3 =3

TNM Stage 4 = 4

Total S-CRC-PC score =A+B+ C+D
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comorbidity) in 244 (40.4%) patients, and >4 (high comorbidity) in 76
(12.6%). No one patient had zero comorbidity.

3.3. Tumor characteristics

Tumor location and TNM stages are shown in Table 2. The most
frequent tumor location was the right side (33.6%). Regarding rectal
location, the neoplasm was located in the rectum in 171 (28.3%)
patients.

3.4. Surgical procedures

The procedures performed are displayed in Table 2. The laparoscopic
approach was used in 349 (57.8%) cases. Thirteen (3.7%) patients
initially submitted to laparoscopic surgery were reconverted to open
surgery due to technical difficulties. The reestablishment of intestinal
continuity by anastomosis was performed in 591 (97.8%) patients.

3.5. Postoperative complications

Two-hundred and twelve (35.1%) patients developed some post-
operative complication, most of them mild complications (grade A). CCI
mean was 11.6 (+£19.19) and CCI median was 0.0 (IQR: 0.0-20.9). The
most frequent surgical complication was prolonged adynamic ileus in 82
(13.6%) patients, requiring parenteral nutrition 49 of them. Forty-six
(7.6%) patients presented gastrointestinal bleeding, most of them did
not require treatment, with the bleeding stopping spontaneously. Thirty-
one (5.2%) of 591 anastomosed patients had an anastomotic dehiscence,
26 of whom required reoperation. Twenty-one (3.5%) patients devel-
oped wound infection, and 15 (2.5%) patients a postoperative abdom-
inal collection. Other postoperative surgical complications were
complete wound dehiscence (9 cases), intestinal perforation (7 pa-
tients), mechanical intestinal obstruction (6 cases), hemoperitoneum (4
cases), gastric volvulus (1 case), acute mesenteric ischemia (1 case), and
ureteral iatrogenic injury (3 cases).

3.6. Chemotherapy
No chemotherapy was administered in 328 (54.3%) patients and 276

(45.7%) received neo and/or adjuvant chemotherapy. Out of these, 99
(16.4%) patients received neoadjuvant therapy. Neo and adjuvant

Table 2
Tumor characteristics and surgical procedures.

Frequency (%)

Tumor location

Right side 203 (33.6)
Transverse 36 (6.0)
Left side 56 (9.3)
Sigmoides 130 (21.5)
Rectum 171 (28.3)
Synchronous 8(1.3)
Total 604 (100.0)
TNM stage

0 56 (9.3)

1 110 (18.2)
2 216 (35.8)
3 183 (30.3)
4 39 (6.5)
Total 604 (100.0)
Surgical procedures

Right colectomy 217 (35.9)
Left colectomy 57 (9.4)
Sigmoidectomy 123 (20.4)
Segmentary resection 20 (3.3)
Rectal anterior resection 168 (27.8)
Total colectomy 13 (2.2)
Abdominoperinal resection 6(1.0)
Total 604 (100.0)
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chemotherapy were both administered in 61 (10.1%) patients.

3.7. Length of stay

Median length of stay was 7 days (IQR: 5.0-11.0)
3.8. Postoperative mortality

Of the 604 patients, 10 (1.7%) patients died in the postoperative
period (90 days). Seven of them as result of complications of the surgical
intervention: anastomosis dehiscence (2 cases), pulmonary complica-
tions (3 cases), acute ischemia mesenteric (1 case), and catheter related
sepsis (1 case). Two more patients died because of chemotherapy (one
bone marrow aplasia and a massive pulmonary thromboembolism). The
last patient died of unknown causes.

3.9. Long-term survival

The median length of follow-up was 3.5 years. By the end of the
follow-up period, 114 (18.9%) patients had died, and 490 (81.1%) were
still alive.

The cumulative survival at 1, 3 and 5 years were 94.5%, 86.8%, and
75.5%, respectively. Due to the high prevalence of censoring in this
cohort, the median survival time could not be estimated. The mean
estimated survival time was 64.6 months (5.4 years) (SE:0.97; 95%CI:
62.7-66.6). Out of the 114 patients who died during follow-up, 69
(60.5%) patients died due to tumor progression, and 45 (39.5%) patients
died due to non-tumor-related causes.

Regarding tumor recurrence, 99 (16.4%) patients were diagnosed
with neoplastic relapse during follow-up. The cumulative recurrence-
free survival rate at 1, 3 and 5 years were 93.8%, 83.8%, and 81.5%.
The mean estimated recurrence-free survival was 65.2 months (5.4
years) (SE:0.97; 95%CIL: 63.3-67.1). The median could not also be esti-
mated in this case.

3.10. Univariate and multivariate analysis

The relationship between the different predictor variables and the
CCI grades (0, A, B, C, D) are shown in Table 3. Gender female (p <
0.001), rectum location (p = 0.005), open surgery (p < 0.001), and
neoadjuvant chemotherapy (p = 0.021) presented significantly more
postoperative complications.

The results of univariate and multivariate analysis related to survival
time are shown in Table 4. CCI was related with both, global survival
time (p < 0.001; HR: 1.02 - CI95%: 1.02-1.03), and recurrence-free
survival rate (p = 0.003; HR: 1.02 — CI95%: 1.01-1.02).

The variable laparoscopic approach was not included in the multi-
variate analysis since this predictor could induce bias. The cases selected
for laparoscopy were generally younger patients with less advanced
disease. Note that there were no significant differences in survival be-
tween patients with colon cancer and rectal cancer (p = 0.593) (Fig. 1).

3.11. S-CRC-PC (Survival — colorectal cancer — postoperative
complications) score

According to the obtained hazard ratio for each variable in multi-
variate analysis, the S-CRC-PC score was developed for every patient as
is recorded in Table 1. S-CRC-PC score was statistically associated with
survival rate (HR:1.34-95% CI: 1.27-1.41). Patients were 34% more
likely to die during follow-up for each unit that the score increased in
our series. The median value of the S-CRC-PC of the entire cohort was
11.2 (IQR: 9.4-14.0). Patients with S-CRC-PC values from 0 to 8 points
were considered to have low risk (cumulative survival at five-years:
98%) while S-CRC-PC scores from 8.1 to 16 points were considered to
have medium risk (cumulative survival at five years: 83%), and patients
with S-CRC-PC scores above 16 points were considered to have high risk
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Table 3

Postoperative complications according to CCI. Grade 0: no complications; grade
A: mild complications; grade B: moderate complications; grade C: severe com-
plications. {Laparoscopic approach: 13 converted patients to open surgery were
not included.

Grade Grade A Grade B (CCI Grade C p
0(CCI=0) (CCI 26.2-42.2) n (ccr
n (%) 392 <26.2) n (%) 64 >42.3)n
(64.9%) (%) 95 (10.6%) (%) 53
(15.7%) (8.8%)
Age:
<657y. 131 (33.4) 23 (24.2) 17 (26.6) 19 (35.8) 0.227
o.
65-75 164 (41.8) 38 (40.0) 29 (45.3) 17 (32.1)
y.o.
>75y. 97 (24.7) 34 (35.8) 18 (28.1) 17 (32.1)
o.
Gender:
Men 226 (57.7) 52 (54.7) 50 (78.1) 45 (84.9) <0.001
Women 166 (42.3) 43 (45.3) 14 (21.9) 8(15.1)
Charlson Score:
1-2 189 (48.2) 44 (46.3) 33 (51.6) 18 (34.0) 0.564
3-4 153 (39.0) 39 (41.1) 24 (37.5) 28 (52.8)
>4 50 (12.8) 12 (12.6) 7 (10.9) 7 (13.2)
Tumor location:
Colon 296 (75.5) 72 (75.8) 38 (59.4) 31 (58.5) 0.005
Rectum 96 (24.5) 23 (24.2) 26 (40.6) 22 (41.5)
Laparoscopic approachf:
No 135 (35.2) 52 (57.8) 29 (45.3) 26 (50.0) <0.001
Yes 249 (64.8) 38 (42.2) 35 (54.7) 26 (50.0)
Neoadjuvant Chemotherapy:
No 336 (85.7) 82 (86.3) 46 (71.9) 41 (77.4) 0.021
Yes 56 (14.3) 13 (13.7) 18 (28.1) 12 (26.6)
TNM stage:
0 42 (10.7) 8(8.4) 4(6.3) 2(3.8) 0.123
1 78 (19.9) 13 (13.7) 8(12.5) 11 (20.8)
2 132 (33.7) 44 (46.3) 20 (31.3) 20 (37.7)
3 116 (29.6) 22 (23.2) 27 (42.2) 18 (34.0)
4 24 (6.1) 8(8.4) 5(7.8) 2(3.8)

of death (cumulative survival at five years: 31%) during the follow-up
(Fig. 2). Similar results were obtained with disease-free survival
curves (Fig. 3).

Regarding the location of the neoplasm (colon vs. rectum), the S-
CRC-PC score was also statistically significantly related to survival when
differentiating between patients with colon cancer (p < 0.001) (Fig. 4)
and rectal cancer (p = 0.001) (Fig. 5).

4. Discussion

The influence of postoperative complications on long-term prognosis
in patients with colorectal carcinoma has been studied in the last two
decades. Anastomotic dehiscence has perhaps been the most reported
and studied complication. Its impact on long-term survival was initially
questioned [25]. Nevertheless, a recent meta-analysis using propensity
score matching studies [26], demonstrated a significantly decreased
5-year overall survival in patients with colorectal cancer who had
anastomotic leakage compared with patients who did not have this
surgical complication.

Regarding overall postoperative complications, Artiyan et al. [27]
found that the presence of postoperative complications after CRC
resection was associated with decreased long-term survival, indepen-
dent of patient, disease, and treatment factors in a cohort of 12,075
patients. These authors related this negative impact on long-term
outcome mainly with infectious complications. However, a quantifica-
tion system for these complications was not reported. Other authors [14,
15], using Clavien-Dindo classification, demonstrated that patients with
overall postoperative complications after colorectal surgery have a poor
oncologic long-term prognosis, with increasing effect with higher
Clavien-Dindo score.

Our results also showed that high scores for the CCI were associated
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Table 4

Univariate analysis and multivariate analysis (Cox Regression) adjusting CCI for
the statistically significant predictors in univariate analysis. CCI: Comprehensive
Complication Index; HR: Hazard ratio; CI 95%: Confidence Interval 95%.
tLaparoscopic approach: 13 converted patients to open surgery were not
included. 1{Neo and/or adjuvant chemotherapy.

N (%) Univariate analysis Adjusted CCI

(multivariate analysis)

HR (95% CI) p HR (95% CI) p

Age:
<65 y.0. 190 2.07 <0.001 2.21 <0.001
(31.5) (1.60-2.67) (1.72-2.84)
65-75 y.o. 248
(41.1)
>75y.0. 166
(27.5)
Gender:
Men 373 1.11 0.284 - -
(61.8) (0.92-1.35)
Women 231
(38.2)
Charlson Score:
1-2 284 (47.0) 1.98 <0.001 1.43 0.014
3-4 244 (40.4) (1.54-2.54) (1.08-1.91)
>4 76 (12.6)
Tumor location:
Colon 437 (72.4) 0.89 0.593 - -
Rectum 167 (27.6) (0.59-1.36)
Laparoscopic approachi:
No 242 (41.0) 0.46 <0.001 - -
Yes 348 (59.0) (0.31-0.68)
Chemotherapyfi:
No 328 (54.3) 0.91 0.610 - -
Yes 276 (45.7) (0.63-1.32)
TNM stage:
0 56 (9.3) 1.85 <0.001 1.80 <0.001
1 110 (18.2) (1.56-2.20) (1.48-2.19)
2 216 (35.8)
3 183 (30.3)
4 39 (6.4)
CCI:
0 392 (64.9) 1.42 <0.001 1.43 <0.001
<26.2 95 (15.7) (1.22-1.67) (1.22-1.68)
26.2-42.2 64 (10.6)
>42.2 53 (8.8)
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Fig. 1. Differences in cumulative survival between patients with colon cancer
and rectum cancer (p = 0.593).
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Fig. 2. Cumulative survival in months according to each category of the S-CRC-
PC score (p < 0.001).
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Fig. 3. Cumulative recurrence-free survival in months according to each
category of the S-CRC-PC score (p = 0.003).

with a significant decrease in survival. After adjusting the CCI with other
confounders, the increase from one grade to another higher grade (0, A,
B, C) was associated with a 43% increase in the probability of dying
during follow-up. These results are similar to those reported by Slan-
kamenac [20] and Wang et al. [19], who observed that the score ob-
tained from the CCI was inversely related to long-term survival.

It is worth noting that only few studies analyze the usefulness of CCI
predicting overall survival after colorectal cancer surgery. We believe
that CCI is more accurate than the Clavien-Dindo classification in
appraising the severity of postoperative complications [28].
Clavien-Dindo score focuses only on the most serious complication,
while the CCI integrates all postoperative complications that have
occurred [29]. In fact, in the study of Slankamenac et al. [20] using both
scores, they found that the presence of any complication or the use of the
most severe complication only (grade > IIIb) was not associated with
readmission or overall survival. Instead, the CCI was a more sensitive
and independent predictor of both outcomes, readmission and poorer
long-term survival after surgery for CRC. However, Wang et al. [19],
analyzing a greater number of patients concluded that both scores were
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Fig. 4. Patients with colon cancer: cumulative survival in months according to
each category of the S-CRC-PC score (p < 0.001).
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Fig. 5. Patients with rectum cancer: cumulative survival in months according
to each category of the S-CRC-PC score (p = 0.001).

associated with long-term survival in elderly patients undergoing radical
colorectal resection.

With regard to other tumor pathologies, it has been found that high
CCI is a potent predictor of worse recurrence-free survival and cancer-
specific survival after resection of colorectal metastasis [30]. Other
report [31] concluded that negative oncological impact of postoperative
complications after colorectal liver metastasis resection is determined
by infective etiology rather than by CCI severity grading. Regarding
gastric cancer surgery, a study [28] demonstrated that the complication
severity graded by CCI reflects the difference of cancer-specific survival
in gastric cancer patients with postoperative complications.

The association between postoperative complications and long-term
survival has been related to a possible alteration in the baseline immune
status of these patients. It has been postulated that an excessive post-
operative inflammatory response may be followed by a dramatic pa-
ralysis of cell-mediated immunity in the surgical patient and an
increased susceptibility to postoperative infectious complications [32].
Also, some authors believe that this process of cell-mediated immunity
suppression may affect the immune response to the spreading of tumor
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cells, thereby contributing to an increased susceptibility of metastatic
growth in oncological patients [33,34]. This could explain the observed
reduction in long-term survival in these cancer patients [28,35], and our
study supports these hypotheses: CCI was an independent risk factor for
long-term survival in patients operated on for colorectal cancer. Saeki
et al. [35] also found that the prognosis in patients who developed
postoperative complications was worse in patients with less advanced
neoplasms.

Catecholamines and prostaglandins have been recently implicated in
these processes, and in directly promoting tumor angiogenesis and in-
vasion. In an experimental study in rats reported by Goldfarb et al. [34],
these authors concluded that treatments aimed at perioperative
enhancement of cell-mediated immunity and simultaneous inhibition of
excessive catecholamine and prostaglandin responses (pharmacological
blockade with propranolol and etodolac), could be successful in limiting
postoperative immunosuppression and metastatic progression, more so
than each treatment alone.

On the other hand, achieving an adequate perioperative nutritional
status is considered essential in order to prevent major postoperative
complications and reducing surgical stress, especially for high-risk pa-
tients [36].

The impact of timing of adjuvant chemotherapy on survival in
colorectal cancer patients has been also studied. Previous studies have
shown that severe postoperative complications are associated with
omission, delay, or discontinuation of adjuvant chemotherapy [14]. It
has been demonstrated that delayed adjuvant chemotherapy after 8
weeks seems to be significantly associated with worse overall survival
[37]. This circumstance could also explain the worse prognosis of
colorectal cancer patients who have had postoperative complications.
However, the relationship between complications, delayed chemo-
therapy and worsening survival could not be assessed in our study.

Other independent mortality risk factors observed in our series were
age, comorbidity, and tumor stage. It has been well documented that
elderly patients with colorectal cancer have worse prognosis than
younger patients [38]. The underlying reasons for this disparity could be
related to several factors such as frailty [39], or worse overall physical
condition, which may affect the selection of complementary cancer
therapy regimens [38]. These topics were not evaluated in this study.
Likewise, it is known that cancer survival is associated not only to pri-
mary malignancy but also to concomitant nonmalignant diseases. In this
sense, comorbidity may play an important role in the prognosis of these
patients and this was observed in our study. Charlson Comorbidity Index
recorded in our series, and other comorbidity scores, may help to pro-
vide a good prognostic prevision of prospective outcome of colorectal
cancer patients undergoing surgery [40]. Perhaps the most determining
variable in predicting overall survival is tumor stage [15,20]. In our
study, the possibility of dying according to the tumor stage increased by
80% as the value of the stage increased.

Some prognostic nomograms have been reported for predicting long-
term outcomes after colorectal cancer surgery. Kong et al. [41] devel-
oped an interesting survival nomogram based on the relative weights of
T stage and N stage, which were calculated based on the analysis of their
impact on survival in non-metastatic colorectal cancer in the Surveil-
lance, Epidemiology, and End Results (SEER) database. Yu and Zhang
[42] established an overall survival and cancer-specific nomograms for
colorectal cancer patients older than 70 years. They included as vari-
ables sex, age, marital status, grade, TNM, tumor size, and presence of
different metastasis in their overall survival nomogram. Tumor site and
SEER stage were added in the cancer-specific survival nomogram. Zhang
et al. [43] included size, extent, grade, site, gender, marital status, his-
tology, lymph node count, CEA, race, depth, lymph node ratio, metas-
tasis, and age as variables for both, overall survival and cancer-specific
survival nomograms. Zheng et al. [44], in their nomogram for elderly
patients with stages I-III colon cancer, involved the variables grade, T
stage, N stage, colectomy, and CEA. Finally, Wang et al. [45], added
chemotherapy to the variables age, race, primary site, grade, T stage,
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and N stage.

It should be noted that none of these predictor nomograms included
postoperative complications.

Based on our results, we designed a prognostic score, the S-CRC-PC,
which included age, comorbidity measured by Charlson comorbidity
index, postoperative complications graded by CCI, and TNM tumor stage
as predictor variables. All these variables were independent prognostic
factors for survival in the multivariate analysis. To our knowledge, this is
the first prognostic index of long-term survival after colorectal surgery
for cancer, which includes postoperative complications measured by the
CCL

According to this index, the values which were obtained and grouped
into the three categories of low (0-8 points), intermediate (8.1-16
points), and high risk of death during the follow-up (>16 points), were
very good predictors of long-term survival. Therefore, we believe that
this score may be very useful to tailor postoperative counselling of pa-
tients undergoing colorectal surgery for cancer.

This study was subject to the usual limitations of a single center
design, which might decrease the generalizability of the results. A series
of emerging biomarkers such as KRAS mutation or BRAF mutation have
also not been included. Furthermore, the score has not yet been exter-
nally validated. Despite this, we consider the data to be of high quality.
Our database was prospectively collected from consecutive patients, and
the assessment of postoperative complication was carefully recorded.

5. Conclusions

Postoperative complications after colorectal cancer surgery assessed
by CCI are associated with adverse oncologic outcomes. Efforts to reduce
both the incidence and severity of complications are needed to improve
long-term survival in these patients. The S-CRC-PC score may be helpful
in predicting long-term cancer outcomes.

CCI® refers to registered trademark from the University of Zurich,
Zurich, Switzerland.
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Abstract

Purpose Postoperative complications can affect recovery after colorectal cancer surgery. Elevated C-reactive protein (CRP)
levels have been studied as a predictor of anastomotic dehiscence, but evidence regarding its association with overall com-
plications is limited. This study aimed to explore the link between CRP levels on the fourth postoperative day and overall
postoperative complications using the comprehensive complication index (CCI).

Methods The observational study included 935 patients who underwent colorectal cancer surgery between 2015 and 2022.
Patients were categorized into three groups: no complications, complications excluding dehiscence, and complications with
dehiscence. The relationship between CRP levels and postoperative complications was analyzed, and the optimal CRP cutoff
point was determined.

Results The median CRP values were 34.3 (20.4-54.0) mg/L in the group with no complications, 69.9 (43.2-112.9) mg/L
in the group with complications excluding dehiscence, and 167.6 (69.7-239.5) mg/L in patients with dehiscence. A signifi-
cant correlation between CRP levels and postoperative complications was found (p <0.001). Based on the identified cutoff
points, CRP levels above 58 mg/L suggest the presence of any complication, including dehiscence. Levels between 42 and
58 mg/L suggest complications excluding dehiscence, and levels below 42 mg/L strongly exclude complications, with a
negative predictive value of 82%.

Conclusions Elevated CRP on postoperative day 4 is associated with overall postoperative complications, not just dehis-
cence. A positive correlation exists between CCI score and CRP levels. A CRP value <42 mg/L on day 4 allows clinicians
to reliably exclude the presence of any complication.

Keywords Colorectal cancer - C-reactive protein - Postoperative complications - Anastomotic dehiscence - Comprehensive
complication index

Introduction

Colorectal cancer is the second leading cause of cancer-
related mortality, with an overall 5-year survival rate of 64%
[1]. The prognosis of the disease is better in patients diag-
nosed at early stages and those who can undergo surgery [2].
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Colorectal cancer surgery carries a non-negligible mor-
bidity and mortality rate which may impact long-term sur-
vival, although there are contradictory findings in the scien-
tific literature [3—5]. Therefore, it is important to minimize
the occurrence of postoperative complications and their
impact on the patient.

There is considerable scientific evidence regarding the
role of postoperative analytical parameters in predicting
the onset of postoperative complications [6]. Primarily, the
relationship between C-reactive protein (CRP) levels and
anastomotic dehiscence has been studied [7].

However, there is limited evidence regarding whether
changes in CRP are associated with the occurrence of over-
all postoperative complications, in addition to anastomotic
dehiscence. The studies that investigate this typically rely on
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the Clavien-Dindo classification [8]. Fewer data are avail-
able on this relationship using the comprehensive complica-
tion index (CCI) [9], which may be more useful for assessing
the overall severity of all postoperative complications [10].

This study aimed to analyze the relationship between
elevated CRP levels on the fourth postoperative day (CRP-
4POD) and the occurrence of postoperative complica-
tions according to the CCI classification. Additionally,
we aimed to compare the elevation of CRP-4POD levels
based on whether the postoperative complication was anas-
tomotic dehiscence or another complication unrelated to
dehiscence.

Methods
Study design

This was a retrospective, observational, and longitudinal
study that included 935 patients who underwent surgery for
colorectal cancer at our institution between January 2015
and December 2022. All patients diagnosed with colorec-
tal cancer were included, regardless of stage, provided they
were treated with curative intention. Patients who underwent
emergency surgery for complicated colorectal cancer were
excluded.

This study was performed in line with the principles of
the Declaration of Helsinki [11] and reported according to
the STROBE guidelines [12]. Approval was granted by the
Clinical Ethics and Research Committee of the institution
(2020-279-1).

Patient management

The diagnosis was made through colonoscopy and biopsy,
while staging was performed using thoracoabdominal com-
puted tomography (CT) and pelvic magnetic resonance
imaging (MRI) for patients diagnosed with rectal cancer.
The stage was determined according to the 8 th edition of
the AJCC TNM classification [13].

Patients were admitted the day before surgery, and a base-
line analytical assessment including a complete blood count
was performed. All patients underwent mechanical bowel
preparation with oral antibiotics.

Surgery was performed by specialist colorectal surgeons,
with most procedures being minimally invasive (laparo-
scopic and robotic surgery). The anastomosis technique was
carried out using mechanical suturing devices.

Postoperatively, CRP levels were measured on the
fourth day after surgery in all patients, and the results were
expressed in mg/L.
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The entire series was followed up for a median of 43.8
months (IQR, 23.4-69.4).

Study groups

The sample was divided into three groups: patients without
complications, patients with complications without anas-
tomotic dehiscence, and patients with complications that
included anastomotic dehiscence.

Study variables
The following variables were collected:

e Demographic variables: age and sex.

e Comorbidity: Charlson Comorbidity Index. Comorbidity
was stratified as low (0-2 points), moderate (3—4 points),
and high (> 4 points).

e Tumor characteristics: location and tumor stage.

e Surgical variables: type of approach, conversion, type of
surgery performed.

e Postoperative outcomes: postoperative complications
with special attention to anastomotic dehiscence, reop-
erations, operative mortality, and postoperative length of
stay (in days). Postoperative complications were scored
using the comprehensive complication index (CCI),
which is based on Clavien-Dindo and takes into account
all adverse event. The score ranges from 0 (no complica-
tions) to 100 points (death). The CCI was subdivided into
four groups: no complications (0 points), mild complica-
tions (1-26.1 points), moderate complications (26.2-42.2
points), and severe complications (> 42.3 points) [14].
The score was calculated using the following online tool:
https://www.assessurgery.com/about_cci-calculator/.

e Operative mortality was defined as deaths occurring
within the first 90 days after surgery or later if they were
directly caused by a postoperative complication.

Statistical analysis

The data were analyzed using the statistical software suite
SPSS 29.0 for Windows (IBM Corporation, Armonk, NY,
USA) and the software Jamovi 2.3 (The Jamovi Project, 2022).

First, a descriptive analysis of the sample was performed.
Categorical variables were expressed as frequencies and

percentages. Numeric variables were expressed as means
(+ standard deviation) (SD) or medians (interquartile range)
(IQR), depending on whether the distribution followed a
normal distribution. The Kolmogorov—Smirnov test was
used to assess normality.
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Next, a comparative study was conducted between the
three study groups, analyzing the differences observed
in CRP values and CCI scores for each group. The
Kruskal-Wallis test was used for this, and the Spearman’s
correlation coefficient was used to assess the relationship
between CRP and CCI. Finally, the diagnostic performance
of CRP in relation to CCI was analyzed in two scenarios:
in the entire sample and in a sample of patients from which
anastomotic dehiscences were excluded. Receiver operating
characteristic (ROC) curves were constructed for each sce-
nario to determine the respective cutoff points based on the
Youden index [15], which represents the point of maximum
sensitivity and specificity. Sensitivity, specificity, positive
predictive value, and negative predictive value of CRP were
then calculated for each scenario.

To evaluate the influence of the type of surgery (colonic
vs rectal surgery) as a potential confounder in relation to
postoperative CRP levels, a multivariable linear regression
analysis was conducted. The model included complication
type (no complications, complications without dehiscence,
dehiscence) and was adjusted for surgery type (colonic vs
rectal). The outcome variable was CRP-4POD. Variance
inflation factors (VIFs) were computed to assess and exclude
multicollinearity.

A significance level of p < 0.05 was considered.

Results

The results of the descriptive analysis of the 935 patients
included in the study are shown in Table 1.

Of the 935 patients, 308 (32.95%) had some type of com-
plication, most of which were mild complications, with a
CCI <26.2 (152 patients, 16.26%).

Regarding the type of complication, 51 cases (5.5%)
of anastomotic leakage were identified, along with 65
hemorrhagic complications (6.9%), of which 32 patients
(3.4%) required red blood cell transfusion. Postoperative
adynamic ileus was observed in 118 patients (12.6%), with
62 (6.6%) requiring parenteral nutrition. Additionally, 35
cases (3.7%) of surgical wound infections, 26 (2.78%)
intra-abdominal collections, and 12 (1.28%) cases of evis-
ceration were recorded.

Among non-abdominal complications, 39 patients
(4.17%) developed infectious complications related to
central venous access, 37 (3.96%) experienced respiratory
complications, 23 (2.46%) presented with cardiological
complications, and 52 patients (5.56%) had nephrourologi-
cal complications.

A further 65 patients (6.95%) experienced other
types of complications, including non-infectious surgi-
cal wound issues such as seromas or hematomas in 21
cases (2.2%), superficial infections of peripheral venous

Table 1 Demographic characteristics

Sex
Male
Female
Age (median—IQR)
Comorbidity (Charlson Index)
Low
Moderate
High
TNM stage
I
II
III
v
Tumor location
Colon
Rectum
Specific location
Right colon
Left colon
Sigmoid colon
Upper rectum
Medium rectum
Low rectum
Synchronic tumors
Surgical technique
Right colectomy
Left colectomy
Sigmoidectomy
Upper anterior rectal resection
Low anterior rectal resection
Ultra-low anterior rectal resection
Segmentary colectomy
Total colectomy
Combined resection
Abdominoperineal amputation
Surgical approach
Open surgery
Laparoscopic surgery
Robotic surgery
Conversion
Yes
No
Length of stay
Mean (+ SD)
Median (IQR)
Postoperative complication
No
Yes
CCI
0
1-26.2

585 (62.6%)
350 (37.4%)
70 years (62.0-77.0)

442 (47.27%)
356 (38.07%)
137 (14.66%)

219 (23.42%)
340 (36.37%)
308 (32.94%)
68 (7.27%)

669 (71.55%)
266 (28.45%)

306 (32.74%)
81 (8.66%)
212 (22.67%)
75 (8.02%)
128 (13.69%)
66 (7.05%)
18 (1.93%)

322 (34.44%)
75 (8.02%)
196 (20.96%)
82 (8.77%)
139 (14.87%)
34 (3.64%)
40 (4.28%)
18 (1.93%)
7(0.74%)

22 (2.35%)

269 (28.77%)
554 (59.25%)
112 (11.98%)

47 (7.06%)
619 (92.94%)

8.7 days (7.6)
6 days (5.0-9.3)

627 (67.05%)
308 (32.95%)

627 (67.05%)
152 (16.26%)
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Table 1 (continued)

26.3-42.2 83 (8.88%)
>422 73 (7.81%)
Type of complication
Anastomotic dehiscence 51 (5.5%)
Hemorrhagic complication 65 (6.9%)
Adynamic ileus 118 (12.6%)
Surgical wound infection 35 (3.7%)
Intraabdominal collection 26 (2.78%)
Evisceration 12 (1.28%)
Central venous access related infection 39 (4.17%)
Cardiological complication 23 (2.46%)
Respiratory complication 37 (3.96%)
Nephro-urological complication 52 (5.56)
Other complication 65 (6.95%)
Readmission 38 (4.1%)
Reoperation 85(9.1%)
Postoperative mortality 9 (1%)

access in 15 cases (1.6%), ostomy-related problems in
12 patients (1.28%), and visceral perforation or intestinal
obstruction requiring reoperation in 11 patients (1.18%).

Fig. 1 C-reactive protein on
the fourth postoperative day 100 4 oo o
correlation with comprehensive
complication index (p < 0,001)
75 A
50 A
&)
o
25 4
0 A

Of the entire cohort, 38 patients (4.1%) were readmit-
ted within 30 days of hospital discharge, 85 (9.1%) required
reoperation due to complications related to the initial pro-
cedure, and 9 patients (1.0%) died within 90 days following
surgery.

The mean CRP-4POD value for the entire sample
was 62.28 (£ 62.57) mg/L, with a median of 42.14
(IQR, 24.81-73.52) mg/L. The mean CCI score was
10.51 (x 18.77) points, with a median of 0.00 (IQR,
0.00-20.90) points. A very significant correlation was
found between CRP levels on the fourth postoperative
day and postoperative complications according to the
CCI (p < 0.001) (Fig. 1).

The median CRP-4POD values were 34.3 (20.4-54.0)
mg/L for the 627 patients in the group with no compli-
cations, 69.9 (43.2-112.9) mg/L for the 257 patients in
the group with complications excluding dehiscence, and
167.6 (69.7-239.5) mg/L for the 51 patients with dehis-
cence (Fig. 2). These differences were statistically signifi-
cant (p < 0.001). Pairwise comparisons between the three
groups for the CRP-4POD variable (no complications,
complications excluding dehiscence, and dehiscence) also
showed statistically significant differences for each com-
parison (p < 0.001).
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In the multivariable analysis, the complication type vari-
able (p < 0.001) behaved as an independent prognostic factor
for CRP levels on postoperative day 4 (CRP-4POD) after
adjustment for surgery type (colonic vs rectal) (p= 0.917).
No collinearity was detected (VIF =1.02 for both variables).

Likewise, when categorizing the CCI into no complica-
tions (0 points), mild (1-26.1 points), moderate (26.2-42.2
points), and severe (> 42.3 points) complications, statisti-
cally significant differences were observed in the CRP-
4POD levels between all four categories (Fig. 3).

Dehiscence

Regarding the diagnostic ability of CRP-4POD to detect
any type of complication (CCI =0 vs CCI =1), the results
are shown in Fig. 4. According to the Youden index, the
optimal cutoff point used in the analysis was 58 mg/L.
This indicates that a CRP level above 60 mg/L on the
fourth postoperative day should raise suspicion of some
type of complication, including a potential anastomotic
dehiscence. Levels below 60 mg/L exclude anastomotic
dehiscence, as well as other complications, with a wide
margin of safety.

Fig.3 C-reactive protein com-
parison between CCI groups: no 400 4 o
complications, mild complica-
tions, moderate complications,
and severe complications (p <
0,001) 300 4
s
< 200 A ]
a ‘
&
: =~8Fr.iian - 140.00
»
100 4
. s fimedian = 76.07 |
) [ Jmesen- -
pmedan - 34.26 »
0 4
CCil=0 CCl1-26.2 CCl126.3 -42.2 CCl>422
CCl
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Fig.4 ROC curve and diagnostic parameters for the identification of patients with complications using a PCR cutoff value of 58 mg/L. AUC

0.771 (95% IC 0.738-0.805, p < 0.001)

Regarding the diagnostic ability of CRP-4POD to detect
complications unrelated to anastomotic dehiscence (CCI =0
vs CCI =1, once patients with dehiscence were excluded
from the sample), the results are shown in Fig. 5. In this
case, Youden index indicated the optimal cutoff point at 42
mg/L. Therefore, a CRP level between 42 and 60 mg/L may
indicate the presence of a complication other than anasto-
motic dehiscence, and levels below 40 mg/L exclude any
type of complication with a wide margin of safety.

Discussion

This study is in line with other publications regarding the
relationship between CRP on the fourth postoperative day
and anastomotic dehiscence [16-20]. It has also demon-
strated its utility in predicting any type of postoperative
complication, not just anastomotic dehiscence, as well as
a positive correlation between CRP levels and the severity
of complications, which are relatively underexplored in the
scientific literature.

Among the results, we highlight the clear positive cor-
relation between the absolute values of CCI and CRP,
meaning that a higher CRP on the fourth postoperative
day was associated with a higher postoperative CCI, and
thus greater severity of postoperative complications. A
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statistically significant association was also observed
between CRP-4POD and the CCI categorized from low-
est to highest severity. To our knowledge, this analysis in
colorectal cancer surgery has not been reported previously
in the literature.

However, this association has been indirectly reported
in pancreatic cancer surgery. In 2022, Bonsdorff et al. [21]
studied the occurrence of pancreatitis following cephalic
duodenopancreatectomy and demonstrated that patients who
developed pancreatitis with elevated CRP had higher CCI
scores compared to those with no CRP elevation, indicating
that the complications were more severe.

Our team believes that the comprehensive complication
index (CCI), which is based in Clavien-Dindo classification,
allows for a specific assessment of the overall severity of all
postoperative complications.

Subgroup analyses of CRP and complications have
already been performed with the Clavien-Dindo classifica-
tion, and the results have been similar. In a 2015 study of
241 patients, McSorley et al. [8] compared CRP levels on
the second, third, and fourth days with the Clavien-Dindo
classification, dividing patients into those with no complica-
tions (grade 0), mild complications (grades 1-2), or severe
complications (grades 3-5). The mean CRP on the fourth
postoperative day was 98 mg/L for patients without compli-
cations, 161 mg/L for those with mild complications, and
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Fig.5 ROC curve and diagnostic parameters for the identification of patients with no dehiscence complications using a PCR cutoff value of 42

mg/L. AUC 0,751 (95% CI 0.714-0.788, p < 0.001)

243 mg/L for those with severe complications, with statisti-
cally significant results.

We emphasize that CRP-4POD levels in the subgroup of
patients who underwent colorectal cancer surgery excluding
those with dehiscence were also statistically significantly
related to the occurrence of any type of complication. How-
ever, the cutoff point to detect these complications was
lower. These data support the hypothesis that CRP is a useful
parameter for predicting any type of complication occurring
in the postoperative period, not just dehiscence.

Platt et al. [22] divided a series of 454 patients under-
going colorectal cancer surgery into three groups: patients
without postoperative complications, patients with infec-
tious complications (including anastomotic dehiscence), and
patients with non-infectious complications. It was found that
CRP was higher in both complication groups compared to
the no complication group, but statistical significance was
only observed in the infectious complications group. In our
study, which did not analyze infectious complications as a
separate group, significant differences were found between
the no complication group and both the dehiscence and non-
dehiscence complication groups. Significant differences in
CRP-4POD levels were also observed between the groups
with and without dehiscence complications. We believe that
an inflammatory state is not always necessarily associated
with infection. Any postoperative alteration could lead to an

increase in CRP, as seen with cardiovascular problems [23]
and acute kidney failure [24].

Various CRP cutoff points have been established for
detecting anastomotic dehiscence. Recent meta-analyses
have reported a CRP value on the fourth day of 114 mg/L
[25] and 123 mg/L [7]. The EDEN Group’s multicenter
study describes a cutoff of 119 mg/L with a negative predic-
tive value (NPV) of 97% [19]. In our sample, patients with
dehiscence had CRP-4POD levels of 167.6 mg/L. Based
on our results, we can state with a high probability (NPV,
81.9%) that patients with CRP <58 mg/L on the fourth post-
operative day will not have postoperative complications and
will have a CCI score of 0. However, there is little consensus
on the exact CRP value at which we can confidently exclude
any type of postoperative complication.

Somewhat higher values have been described by Jin et al.
[9] in their series of 335 patients, where a cut-off of CRP
> 64.7 mg/L was established for detecting a high CCI score.

The optimal day for CRP measurement in predicting
complications remains a subject of debate, since an early
assessment with elevated values may lead to a false-negative
result in complementary tests [26], while a late assessment
may result in an avoidable diagnostic delay. In this study,
it was determined on the fourth postoperative day, in line
with existing evidence for detecting anastomotic dehiscence
on the third or fourth postoperative day, with no significant
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differences between studies published over the years [7,
16, 27]. However, these studies were focused on detecting
anastomotic dehiscence. Regarding the detection of overall
complications, it is suggested that CRP should be measured
on the fourth day [28, 29], though we have not found studies
comparing the third and fourth postoperative days. McSor-
ley et al. [8] compared CRP measurements on the second,
third, and fourth postoperative days. They concluded that all
days were useful for predicting the severity of postoperative
complications but did not analyze which day was optimal
for measurement.

In our study, preoperative CRP was not routinely meas-
ured. However, a recent systematic review and meta-analy-
sis of 23 studies involving 7147 patients analyzed whether
preoperative CRP levels were related to the occurrence of
postoperative complications [30]. It could not be shown that
elevated preoperative CRP was associated with anastomotic
dehiscence, but it was related to the occurrence of overall
complications. The results of this meta-analysis support the
theory that changes in the inflammatory state of the body, as
measured by CRP, can be useful for predicting postoperative
deviations from normality.

Traditionally, the development of complications following
colorectal cancer surgery, especially anastomotic dehiscence
[31, 32], and the presence of an altered postoperative proin-
flammatory state [33] have been associated with a worsened
oncological prognosis [5]. In contrast, more recent studies
conducted by the RectoLeak Study Group [4] suggest that
no such association exists. This finding could be explained
by an earlier diagnosis and the optimization of therapeu-
tic strategies in recent years. Regarding other postoperative
complications and their impact on survival [14], similar out-
comes may be expected in the future. As suggested by our
study, postoperative CRP levels may be useful for the early
diagnosis and management of such complications.

CRP is not the only biomarker that has proven useful
in the postoperative monitoring of colorectal cancer. In the
PREDICS study [34], both CRP and Procalcitonin (PCT)
levels were measured on postoperative days 3 and 5. Similar
to our study, the values were compared across three patient
groups: those who developed no complications, those who
experienced anastomotic leakage, and those who suffered
postoperative complications unrelated to anastomotic leak-
age. The study concluded that CRP levels below 12.5 mg/dL
and PCT levels below 2.3 ng/mL on the fifth postoperative
day were highly effective in ruling out anastomotic leakage,
with a NPV exceeding 98%.

It is plausible that the combined use of multiple bio-
markers may be more informative than their isolated
assessment. This notion is supported by the iCral Study
Group [35], who demonstrated not only that PCT levels
greater than 1.01 pg/L on the second postoperative day
were superior to CRP in predicting mortality, but also that
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combining the Dutch Leakage Score [36] with both CRP
and PCT improved both the PPV and NPV for the predic-
tion of anastomotic leakage, compared to the combination
of the Dutch Leakage Score with CRP alone.

As limitations of this study, we must mention that it
is a retrospective, single-center observational study and
that no analysis by complication subtype was conducted.
However, a strength of this study is that it is a consecutive
series of colorectal cancer patients and is one of the first
studies to use the CCI scale for analyzing postoperative
complications in relation to CRP-4POD. Furthermore, it
aimed to analyze all postoperative complications, not just
anastomotic dehiscence.

We conclude that CRP levels on the fourth postoperative
day are statistically significantly related to the occurrence
of any type of postoperative complication, not just anasto-
motic dehiscence. There is a positive correlation between the
CClI score and CRP levels. According to our results, a CRP
level <42 mg/L on the fourth postoperative day allows us
to exclude the occurrence of postoperative complications.
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PROGNOSTIC VALUE OF NEUTROPHIL-TO-LYMPHOCYTE RATIO AT DIAGNOSIS IN '
COLORECTAL CANCER: PROPENSITY SCORE ANALYSIS
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Lay summary

The neutrophil-to-lymphocyte ratio (NLR) is a parameter which is easily calculated using values from a complete blood count. It has been described
in the literature that if elevated, it is associated with a proinflammatory state in the body. The main hypothesis of this study is that an elevated NLR
is related to a worse prognosis, and therefore poorer survival, in patients diagnosed with colorectal cancer. To demonstrate this, a series of patients
who underwent surgical intervention with a diagnosis of colorectal cancer from 2015 to 2021 was analysed. Among other data, we studied the NLR
at the time of diagnosis. The patients were divided into two groups: one with a NLR > 3.3 and the other with a NLR < 3.3. The two samples were
homogenized to eliminate differences which might exist between the two populations, using what is called a propensity score analysis.

After conducting a statistical analysis of the factors influencing the prognosis of colorectal cancer, it was observed that a NLR > 3.3 at the time of
diagnosis is an important prognostic factor for survival in these patients. Other factors related to survival include the patient’s age and comorbidities.
In conclusion, we find that an elevated baseline NLR (> 3.3) in patients with colorectal cancer at the time of diagnosis represents an adverse prognos-
tic factor in terms of survival. Its use in routine practice could lead to the intensification of therapeutic strategies and post-treatment surveillance in
these patients.
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ABSTRACT

Introduction: baseline neutrophil-to-lymphocyte ratio (NLR)
at the time of colorectal cancer (CRC) diagnosis has been
proposed as a predictor of long-term survival. The aim of
this study was to analyze its usefulness in a homogeneous
population with control of the main confounding factors.

Methodology: observational study of 836 patients who un-
derwent surgery for CRC. Patients were divided into two
groups: NLR < 3.3 vs NLR > 3.3. To control for confounders,
they were matched one-to-one by propensity analysis. A fi-
nal cohort of 526 patients was included in the study.

Results: the two groups were mismatched in terms of age,
comorbidity, tumor stage, rectal location, and neoadjuvant
therapy. Once matching was performed, baseline NLR was
statistically significantly associated with long-term surviv-
al (p < 0.001) and behaved as an independent prognos-
tic factor for survival (p = 0.001; HR: 1.99; 95 % Cl: 1.32-
3.00) when adjusted in a Cox regression model using age
(p < 0.001; HR: 1.04; 95 % CI: 1.02-1.06) and the Charlson
Comorbidity Index (p < 0.001; HR: 1.40; 95 % CI: 1.27-
1.55). Neoadjuvant therapy lost its statistical significance
(p =0.137; HR: 1.59; 95 % Cl: 0.86-2.93).

Conclusions: a high baseline NLR (> 3.3) in patients with
colorectal cancer at diagnosis represents a poor prognostic
factor in terms of survival. Its use in routine practice could
intensify therapeutic strategies and follow-up in these pa-
tients.

Keywords: Colorectal cancer. Propensity analysis. Neutro-
phil-to-lymphocyte ratio. Survival.

INTRODUCTION

Colorectal cancer is the third most common cause of can-
cer-related death (1). Five-year survival reaches 90 % in ear-
ly stages, while in metastatic stage, it does not exceed 15 %
at five years (2). Identifying patients with a higher risk of
recurrence and worse prognosis would allow for personal-
ized treatment and the administration of more suitable tar-
geted therapies. The tumor stage at diagnosis is the most
important prognostic factor (3), but other factors such as
tumor location (4), lymphovascular and/or perineural inva-
sion (5), as well as certain genetic biomarkers (6) also in-
fluence prognosis. Postoperative complications, especially
anastomotic dehiscence, are also a prognostic factor (7).
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Having a simple, inexpensive, and useful prognostic marker
would help establish realistic expectations for the patient
and their family. In this regard, since Virchow described the
presence of neutrophils in tumor tissue in 1863 (8), it has
been suggested that inflammation might not only play a
role in carcinogenesis (9) but also in prognosis.

Systemic inflammatory status can be monitored using an-
alytical parameters such as the neutrophil-to-lymphocyte
ratio (NLR). Elevated NLR at diagnosis has proven to be a
good prognostic factor in colorectal cancer (10) and anoth-
er type of cancer (11,12).

However, while numerous studies support the predictive
power of NLR (11,13-16), most are retrospective observa-
tional studies which do not adequately control for con-
founding factors. Moreover, the few studies which have
homogenized the sample through propensity score match-
ing (17,18) were performed with a relatively small number
of patients.

The objective of our study was to analyze the prognostic
value of the baseline NLR in a large sample of patients
undergoing colorectal cancer surgery, where major con-
founding factors were controlled through propensity score
matching.

METHODS

Design

This was a longitudinal observational study of an initial co-
hort of 836 patients that consecutively underwent surgery
for colorectal cancer between January 2015 and Decem-
ber 2021 in our institution, with an average follow-up of
33 months. All patients that underwent elective surgery for
colorectal cancer with curative intent were included, while
those with complicated colorectal cancer requiring urgent
surgery and those with incomplete postoperative histories
or follow-up were excluded.

Patient management

Diagnosis was confirmed in all cases by a colonoscopy and
a biopsy was performed by a gastroenterologist. As part
of the staging process, all patients underwent blood tests
with complete blood count and determination of tumor
markers, a thoraco-abdominopelvic computed tomography
(CT), and a pelvic magnetic resonance imaging for those
diagnosed with rectal cancer. Preoperative evaluation
was performed by a colorectal surgeon. Definitive stag-
ing followed the criteria of the American Joint Committee
on Cancer (AJCC) staging system (8™ edition) (19). Colon

Ortiz Lépez D, Marchena Gomez J, Nogués Ramia E, Sosa Quesada Y, Arencib-
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preparation was performed mechanically, and prophylactic
oral and intravenous antibiotics were administered before
surgery. Surgical procedures were performed by a colorec-
tal surgery specialist, and anastomoses were created using
mechanical suture devices.

The decision to administer neoadjuvant and/or adjuvant che-
motherapy was based on the protocols of the hospital’s Multi-
disciplinary Colorectal Tumor Committee. Data collection was
performed via a prospectively maintained database.

Study variables

The main study variable was baseline NLR, and our initial
hypothesis was that the baseline NLR is related to long-
term survival in colorectal cancer patients. This parameter
was obtained from the first complete blood count per-
formed at the time of diagnosis, resulting from the neu-
trophil count to lymphocyte count ratio. The variable was
then categorized into two groups, considering 3.3 as the
cut-off value. This cut-off value was obtained based on the
Youden index (20), which identified the NLR value with the
highest sensitivity and specificity for predicting survival at
the end of follow-up.

— Demographic data: age and sex

— Comorbidity: the Charlson Index was used, and was cal-
culated preoperatively for each patient. It includes 19 co-
morbidities, scored 1, 2, 3, or 6 based on their presence
or absence. The total score ranges from 0 to 37 points
(21), where 0 indicates no comorbidity and > 4 points is
considered as severe comorbidity.

— Tumor characteristics: the tumor location was categorized
as either colon or rectal cancer based on the affected seg-
ment. The tumor stage was classified according to the 8t
edition of the AJCC TNM staging system, including stages
I, 11, 1, and IV (22). Additionally, several variables were
collected, such as the number of isolated lymph nodes, the
degree of differentiation (well/moderately differentiated
vs poorly differentiated), the presence of lymphovascular
and/or perineural invasion, and the status of surgical mar-
gins (free or involved).

— Type of surgery: surgical procedure performed, approach
(open, laparoscopic, or robotic), and the need for con-
version.

— Postoperative results: postoperative complications with
special attention to anastomotic dehiscence, reoper-
ations, operative mortality and days of postoperative
stay. Postoperative complications were scored using the
Comprehensive Complication Index (CCI) (23), similar to
the Clavien-Dindo (24) classification but considering all
complications, not just the most severe. The score ranges
from 0 (no complications) to 100 points (death). Opera-
tive mortality was defined as deaths occurring within the
first 90 days after surgery, or later if directly related to a
postoperative complication.

— Chemotherapy: whether the patient received any kind of
adjuvant or neoadjuvant therapy.

Outcome variable

The five-year cumulative survival was considered as the
outcome variable. Survival time was defined as the period

between surgery and the date of death or the last obser-
vation date if the patient was still alive. It was monitored
through the patient’s medical history or family contact.

Statistical analysis

Data were analyzed using the SPSS 29.0 statistical package
for Windows (IBM Corporation, Armonk, NY, USA).

Descriptive analysis

Frequency and percentage were used to express categorical
variable values. For numerical variables, the mean (+ stan-
dard deviation) and/or median (interquartile range) were
used depending on whether they followed a normal distri-
bution. Kaplan-Meier survival curves were used to illustrate
survival.

Univariate analysis

Initially, a comparative analysis was performed between
the group of patients with NLR < 3.3 and those with NLR
> 3.3. The Chi-squared test was used to compare propor-
tions, or Fisher’s exact test if the conditions for the former
were not met. To analyze differences between numerical
variables, either the Student’s t-test or the Mann-Whitney
U test was applied based on whether the data followed a
normal distribution or not. The log rank test was used to
compare survival curves.

Propensity score analysis

In order to analyze the association between NLR and surviv-
al and obtain a more homogeneous sample, each case was
matched with a similar control. This process was based on
the propensity score, defined as the probability that each
study participant would be assigned to each study arm (nor-
mal or elevated NLR) based on their baseline characteristics
(covariates) (25). A logistic regression was used to obtain
a propensity score for each patient, with the “outcome”
variable being the categorized NLR. Covariates which were
unbalanced between the two groups (NLR < 3.3 vs NLR
> 3.3) in the comparative analysis were introduced into the
model.

Regarding matching, a one-to-one pair analysis without
replacement was performed based on the estimated pro-
pensity score of each patient, using a caliper of 0.2 (26).
The effectiveness of matching by propensity score was as-
sessed using standardized mean differences before and af-
ter matching. Differences of < 0.10 support the assumption
of balance between the two groups.

Finally, a Cox regression was performed to analyze the pos-
sible relationship between categorized NLR and long-term
survival in the matched population. A significance level of
p < 0.05 was considered, and the hazard ratio (HR) with a
corresponding 95 % confidence interval (Cl) was used as
a measure of risk.
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RESULTS

Of the 836 patients initially included, 521 (62.3 %) were
male and 315 (37.7 %) were female (p < 0.001), with a
mean age of 68.7 years (SD x 11.1). Table 1 describes the
surgical procedures and approaches used.

The mean number of isolated lymph nodes in each surgical
specimen was 24.8 (+ 15.9). This variable was not included
in the statistical analysis since the authors considered that
the number of isolated nodes depended on uncontrollable
factors such as the receipt of neoadjuvant treatment or the
processing of surgical specimens by different specialists in
Pathological Anatomy.

The mean baseline NLR was 3.2 (SD = 2.6). After cate-
gorization, 572 patients (68.4 %) had a NLR < 3.3, and
264 patients (31.6 %) had a NLR > 3.3. Operative mortality
was 1 % (eight patients), including two cases of anastomot-
ic dehiscence. The probability of being alive at one, three,
and five years was 94.1 %, 85.7 %, and 73.0 %, respectively.
At the end of the follow-up, 700 patients (83.7 %) were still
alive, and 136 patients (16.3 %) had died.

Table 2 (left) shows the baseline characteristics of the un-
matched sample based on whether they belonged to the
NLR < 3.3 group or the NLR > 3.3 group and the comparison
between them according to different covariates. NLR was
statistically significantly associated with long-term survival
(p < 0.001). However, it was observed that there were dis-

Table 1. Performed surgical procedures and approach

Surgical procedure n (%)

Right colectomy 305 (36.5 %)

Anterior rectal resection 214 (25.6 %)

Sigmoidectomy 174 (20.8 %)

Left colectomy 71 (8.5 %)
Segmental resection 33 (3.9 %)
Abdominoperineal amputation 19 (2.3 %)
Total colectomy 16 (1.9 %)
Miscellaneous 4 (0.5 %)
Approach n (%)

Laparoscopic surgery 492 (58.9 %)

Robotic surgery 73 (8.7 %)

Open surgery 271 (32.4 %)

Conversion 42 (7.9 %)

REV ESP ENFERM DIG 2024;116(8):408-415
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parities in age (p < 0.001), comorbidity (p = 0.003), stage
(p =0.018), rectal location (p = 0.034), and neoadjuvant treat-
ment (p < 0.001). These covariates were used for matching.

After a one-to-one propensity score matching without re-
placement, 263 patients remained in each group. Table 2
(right) presents the comparative analysis of these two
matched groups. A slight imbalance persisted in the vari-
ables representing age (p = 0.021), comorbidity measured by
the Charlson Index (p = 0.012), and neoadjuvant treatment
(p = 0.055), but with standardized mean differences below
0.20, indicating a minimal effect on the balance between
the two groups.

Baseline NLR after matching continued to be significantly
associated with survival (p < 0.001) (Fig. 1). When adjusted
using a Cox regression model (Fig. 2) for variables which
were still unbalanced in the sample homogenized by the
propensity score (age, comorbidity, and neoadjuvant treat-
ment), baseline NLR remained an independent prognostic
factor for survival (p = 0.001; HR: 1.99; 95 % CI: 1.32-3.00).
Age (p < 0.001; HR: 1.04; 95 % Cl: 1.02-1.06) and comorbid-
ity (Charlson Index) (p < 0.001; HR: 1.40; 95 % Cl: 1.27-1.55)
retained their statistical significance, but not neoadjuvant
treatment (p = 0.137; HR: 1.59; 95 % Cl: 0.86-2.93).

DISCUSSION

The systemic inflammatory status at the time of cancer di-
agnosis is gaining importance. Systemic inflammation is be-
lieved to play a significant role in cancer response, correlat-
ing with prognosis (27). Proinflammatory systemic factors
can act as initiators of carcinogenesis. In proinflammatory
situations, macrophages and neutrophils in the area sub-
jected to inflammatory stress release oxygen and nitrogen
radicals which cause cellular damage to DNA, potentially
initiating carcinogenesis (28). During neoplastic transforma-
tion, tumor cells release proinflammatory substances which
contribute to creating a situation of systemic inflammation
(29). A significant systemic inflammatory response would be
associated with a worse prognosis in these patients (27).

In our study, after a propensity score matching, it was
demonstrated that the inflammatory response measured
by the NLR at the time of colorectal cancer diagnosis was
related to long-term prognosis. Patients with a high NLR
(> 3.3) had significantly lower survival rates than patients
whose NLR was below this value.

Other analytical parameters have been used to measure
systemic inflammation: platelet-to-lymphocyte ratio (30),
lymphocyte-to-C-reactive protein (CRP) ratio (13), and CRP
itself (31). These markers are economical and easy to obtain
through routine blood tests. Undoubtedly, NLR has proven
to be the most useful in relation to colorectal cancer (16).

Chiang et al. (32), in one of the longest series published, an-
alyzed preoperative NLR in 3,857 patients with localized col-
orectal cancer (stages I-lI-lll) undergoing scheduled and ur-
gent surgery. They concluded that an NLR > 3 was associated
with worse disease-free survival of colorectal cancer, and this
difference was more evident in colon cancer than in rectal
cancer. Our study included stage IV patients treated with cu-
rative intent and excluded urgently operated patients.
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Fig. 1. Survival curves for patients with baseline
neutrophil-to-lymphocyte ratio (NLR) < 3.3 (blue) and
patients with baseline NLR > 3.3 (red) (p < 0.001).

Hazard Ratio
HR (CI95%) p

Neoadjuvant therapy 1,59 (0,86-2,93) 0,137
Charlson Comorbidity Index —.— LA0(1,27-1,55) <0001
Age 151(1,24-1,84)  <0,001

NLR 1,99 (1,32-3,00) 0,001

50 1,00 150 200 250 3,00
HR

Fig. 2. Forest plot of the multivariate analysis (Cox
regression) of survival in patients with colorectal cancer
after adjusting baseline neutrophil-to-lymphocyte ratio
(NLR) for age, comorbidity measured by the Charlson
Index, and neoadjuvant therapy.

Although colon cancer and rectal cancer are different en-
tities for many authors, we did not conduct a separate
study since this variable was perfectly balanced in the
study population after matching. Similarly, we decided
not to include urgently operated patients since, in stress-
ful situations, urgency itself could alter the proinflamma-
tory state of the body, interfering with the NLR result and
affecting the assessment of the inflammatory state due to
neoplasm. For the same reason, NLR determination was
performed before initiating any surgical or chemothera-
peutic treatment.

The NLR cut-off point beyond which it should be consid-
ered pathological has been debated. Forget et al. (33), in
a public health study, set the upper limit of normality at
the value of 3.53. However, there is no consensus in the
literature. Our cut-off level of 3.3 was obtained, as in sever-
al published studies, from our data using a ROC curve and
the Youden index (20). Other authors have set indicative
cut-off values for poor prognosis at NLR > 2.72 (34) or even
>5(14,15).

Limitations of this study include the single-center and
retrospective study design, although data collection was
prospectively performed. Genetic tumor biomarkers were
not considered since they were determined in very few
patients (metastatic or suggestive of BRAF mutation). Re-
garding its strengths, it should be highlighted that the
analytical determination from which the baseline NLR
was collected was performed under the most basal con-
ditions to avoid biases induced by an inflammatory state
different from that caused by the tumor. Additionally, the
homogeneity of our sample obtained through propensity
score matching, controlling for possible confounding bias-
es, and the large number of patients studied, should also
be emphasized.

CONCLUSIONS

An elevated baseline NLR (> 3.3) in patients with colorectal
cancer at the time of diagnosis represents a poor prognos-
tic factor in terms of survival. It is a simple and inexpensive
parameter to determine. Its use in routine practice could
intensify therapeutic strategies and follow-up in these pa-
tients.
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Abstract

Colorectal cancer (CRC) remains a major cause of cancer-related mortality despite advances in screening and treatment.
Inflammation plays a key role in tumor progression, with the neutrophil-to-lymphocyte ratio (NLR) emerging as a poten-
tial prognostic marker. While preoperative NLR is a well-established predictor of survival, its prognostic value 1 year
postoperatively remains underexplored. This study aims to evaluate the prognostic significance of NLR 1 year after cura-
tive CRC surgery, identify factors associated with its elevation, and assess its impact on survival and recurrence. A ret-
rospective analysis was conducted on 788 patients who underwent curative-intent CRC surgery between 2015 and 2022.
NLR was assessed preoperatively and 1 year postoperatively, using a cutoff of 3.3. Patients were categorized into four
subgroups: “Low-Low”: NLR <3.3 pre- and postoperatively; “Low-High”: NLR < 3.3 preoperatively but > 3.3 postopera-
tively; “High-Low”: NLR > 3.3 preoperatively but <3.3 postoperatively, and “High-High”: NLR > 3.3 at both time points.
Survival analysis was performed using Cox regression. Postoperative NLR values were significantly lower than preoperative
levels (median: 2.8 vs. 4.1, p<0.001). An elevated post-NLR (> 3.3) correlated with poorer survival and higher recurrence
rates. The “Low—High” group exhibited the worst prognosis, with a 5-year survival rate of 42.6% compared to 79.8% in the
“Low-Low” group. Multivariate analysis confirmed post-NLR > 3.3 as an independent predictor of worse survival (HR: 3.49;
95%CI 2.41-5.04). Persistently elevated NLR 1 year after CRC surgery is associated with worse survival and higher recur-
rence. Routine postoperative NLR monitoring may help identify high-risk patients for closer follow-up and early intervention.

Keywords Colorectal cancer - Inflammatory status - Neutrophil-to-lymphocyte ratio - Overall survival - Disease-free
survival

Introduction

Despite advancements in screening and therapeutic strate-
gies, colorectal cancer (CRC) remains a leading cause of
cancer-related mortality worldwide. In the United States,
CRC is the third most frequently diagnosed malignancy and
the second leading cause of cancer-related death overall.
Notably, it is the primary cause of cancer mortality in men
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under 50 years of age [1]. It has been reported that the mean
number of years of potential life lost by colorectal cancer
may exceed 15 years [2].

It is well known that tumor stage, high levels of serum
Carcinoembryonic antigen (CEA), and carbohydrate-antigen
19-9 (CA 19.9) tumor markers, as well as certain genetic
biomarkers [3] are good predictors of survival. There is also
increasing evidence, suggesting that systemic inflammation
is closely related to the pathogenesis, growth, and meta-
static potential of CRC [4-6]. This is why in recent years, a
series of inflammatory markers [7] have been added as pre-
dictors of poor outcome in CRC patients. Of these, the best
known and most valued is the Neutrophil-To-Lymphocyte
ratio (NLR) [8]. Several studies employing propensity score
analysis [9, 10], as well as a series of published meta-anal-
yses and systematic reviews [11-15], have demonstrated an
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association between elevated preoperative NLR and patient
survival in CRC.

However, the progression of the inflammatory state fol-
lowing curative surgery for colorectal cancer and its prog-
nostic implications remain less extensively studied. It is not
yet clearly established how inflammatory markers evolve
postoperatively—whether they decrease, increase, or remain
stable. The long-term outcomes associated with persistently
elevated NLR after surgery also remain poorly understood.
Furthermore, it is unclear what occurs in patients whose
inflammatory markers were initially within normal ranges
but become elevated after 1 year of follow-up. While some
studies have investigated this issue, their findings have been
inconsistent.

This study aimed to assess the characteristics and prog-
nostic implications of patients with elevated NLR 1 year
after they underwent surgery for colorectal cancer. Addition-
ally, to determine the factors influencing NLR elevation and
to evaluate the implications of postoperative changes in this
marker. We hypothesized that the persistence of an elevated
NLR is a sign of poor prognosis in patients operated on for
CRC with curative intent.

Methods
Study design and participants

This is an observational, longitudinal study from a cohort of
935 patients consecutively operated on for colorectal cancer
between 2015 and 2022 at our institution. The setting was a
tertiary referral center that serves a population of approxi-
mately 400,000 inhabitants.

Inclusion criteria patients diagnosed with colorectal can-
cer undergoing elective surgery with curative intent who
had survived at least 1 year after surgery and had under-
gone a blood test at 1 year, including a full blood count.
All included stage IV cases met strict criteria for curative
resection, defined as complete removal of the primary tumor
and all detectable metastatic lesions.

Exclusion criteria patients with colorectal cancer in
whom palliative surgery was performed, patients with com-
plicated colorectal cancer requiring urgent surgery, and
those with incomplete postoperative histories and/or follow-
up. The number and characteristics of the excluded patients
were not collected.

The study was approved by the center's Clinical Research
and Ethics Committee (code: 2020-279-1).

Management of the patient

A colorectal surgeon initially evaluated patients. The pre-
operative diagnosis of colorectal cancer was consistently

@ Springer

established through colonoscopy and biopsy. Staging stud-
ies included thoraco-abdomino-pelvic CT scans and/or
pelvic MRI, routine blood tests, tumor markers CEA and
CA 19.9, and additional investigations as required based on
the patient’s underlying condition. All patients underwent
mechanical bowel preparation and received antibiotic proph-
ylaxis, orally and intravenously, before surgery. Surgical pro-
cedures were performed by a specialist colorectal surgeon.

Definitive postoperative diagnosis was based on histo-
logical examination of the resected specimen, following the
criteria outlined in the 8th edition of the American Joint
Committee on Cancer (AJCC) staging system[16].

The decision to administer neoadjuvant and/or adjuvant
chemotherapy was guided by the protocols established by
the hospital's Multidisciplinary Colorectal Tumor Board.
Patients with rectal cancer classified as T3 or T4 and/or with
lymph-node involvement received neoadjuvant chemoradio-
therapy. Similarly, patients with stage IV colorectal cancer
deemed potentially curable also underwent neoadjuvant
chemotherapy. Patients with high-risk stage II and stage 111
colon cancer were offered standard adjuvant chemotherapy.
Stage IV patients included in the study were all treated with
curative intent: resection of the primary tumor and removal
of metastases.

Follow-up

Follow-up was conducted through blood tests including
tumor markers every three months for the first two years,
then every 6 months up to 5 years. Additionally, an annual
thoraco-abdominal CT scan was performed, along with a
colonoscopy at 1 year and 4 years post-surgery. Neoplasm
recurrence was defined as the detection of a local recurrence
on endoscopy or the presence of regional or distant metasta-
sis on radiologic studies and/or reoperation.

Data collection and definitions

Data were collected from a database in which patients
were prospectively included. The following variables were
analyzed:

Demographic and clinical data

Age, sex, body mass index (BMI), and comorbidity meas-
ured by the Charlson Comorbidity Index (CCI) were
recorded. The CCI was calculated preoperatively for each
patient and includes 19 comorbidities, each assigned a
weight of 1, 2, 3, or 6 based on their presence or absence.
The total score ranges from 0 to 37 points [17]. A score of
0 typically indicates no comorbidity, while scores >4 are
considered indicative of severe comorbidity.
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Data laboratory

The baseline NLR was calculated from a blood sample
obtained immediately before surgery. The postoperative
NLR (Post-NLR) was derived from a blood sample taken
1 year after surgery in patients who could complete this
follow-up period.

The NLR was calculated using the formula: absolute
neutrophil count (number/pL) /absolute lymphocyte count
(number/pL). High NLR values were considered to reflect a
high inflammatory state.

NLR was analyzed both as a continuous variable and as
a categorical variable. A cut-off value of 3.3 was applied,
as determined by the Youden index [18] from a previous
study on the same patient cohort [9]. This index identified
the NLR value with the highest sensitivity and specificity on
the ROC curve for predicting patient survival. The cutpoints
were “<3.3” for “low NLR” and > 3.3 for “high NLR”.

Tumor localization and histopathological features

Tumor localization was categorized as colon cancer or rectal
cancer based on the affected segment. Tumor staging was
determined using the final histopathological report of the
resected specimen and classified according to the 8th edition
of the American Joint Committee on Cancer (AJCC) TNM
staging system[16] (ypTNM) into stages I, II, III, and IV.
Additionally, the presence of lymphovascular and/or peri-
neural invasion was collected.

Surgical data

Surgical procedure, surgical approach, postoperative com-
plications according to Clavien—Dindo classification [19],
and operative mortality were recorded. Operative mortality
was defined as any death occurring within 30 days of surgery
or any subsequent death that was determined to be a direct
consequence of a postoperative complication. The variable
Clavien—Dindo classification was categorized as no com-
plications (grade 0) vs minor complications (grades I-II) vs
severe complications (grades III-V).

Neo and/or adjuvant therapy

It was recorded whether patients had received neoad-
juvant chemotherapy and/or radiotherapy or adjuvant
chemotherapy.

Study groups

First, the sample was divided into two major groups accord-

ing to post-NLR levels: patients with post-NLR <3.3 and
patients with post-NLR > 3.3. Similarly, to assess the

significance of the changes in NLR between the preopera-
tive and 1-year postoperative values, patients were divided
into 4 subgroups according to the evolution of the observed
NLR values [20-22]:

(I) Normal group: pre- and postoperatively low inflam-
matory state (baseline NLR <3.3/post-NLR <3.3).
Low preoperative values to low postoperative val-
ues (low-low).
(II) Normalized group: preoperatively high but post-
operatively low inflammatory state (baseline
NLR > 3.3/post-NLR <3.3). High preoperative
values to low postoperative values (high—low).

(III)  Exacerbation group: preoperatively low inflamma-
tory state but postoperatively high inflammatory
state (baseline NLR <3.3/post-NLR > 3.3). Low
preoperative values to high postoperative values
(low—high).

(IV) Elevated group: persistently high inflammatory
state (baseline NLR > 3.3/post-NLR > 3.3). High
preoperative values to high postoperative values
(high—high).

Output measures

NLR 1 year after surgery (post-NLR), global survival time,
and disease-free survival time were the output variables.
Survival time was defined as the interval from the curative
resection to death or censoring. Disease-free survival time
was defined as the period between surgery and the detection
of tumor recurrence.

Statistical analysis

Data analysis was performed using the statistical software
package SPSS version 29.0 for Windows (IBM Corporation,
Armonk, NY, USA). Graphics were performed using the
software Jamovi version 2.3 (The Jamovi Project, 2022).

Descriptive analysis

Categorical variables were expressed as frequencies and
percentages. Numerical variables were reported as mean
(+ standard deviation) and/or median (interquartile range),
depending on whether or not they followed a normal distri-
bution. Kaplan—Meier method was used to construct survival
curves.

Univariate analysis
First, we assessed whether there were significant differences

between the values of baseline NLR and post-NLR. For this
purpose, we employed the Wilcoxon test, a non-parametric
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statistical method designed for the comparison of two related
samples.

A univariate analysis was then performed analyzing pos-
sible differences between patients with a high postoperative
inflammatory status (post-NLR >3.3) and patients with a
low postoperative inflammatory status (post-NLR <3.3)
concerning a series of predictor variables. This analysis
allowed us to know which factors were related to postop-
erative NLR elevation and which variables could behave as
confounding factors in the multivariate analysis of survival.
Proportions were compared using the Chi-squared test when
applicable or Fisher’s exact test when not. For numerical
variables, the Student’s t test or Mann—Whitney U test was
employed, depending on whether or not the data followed a
normal distribution.

Survival analysis

The log-rank test was used to compare the survival curves
of patients with high and low postoperative inflammatory
status. Likewise, it was employed to compare the survival
curves of the four subgroups classified according to the
changes in their preoperative and postoperative NLR levels.

Multivariate analysis

A Cox regression model was performed to identify inde-
pendent risk factors for long-term survival after 1 year of
surgery in patients with elevated post-NLR. Predictor vari-
ables included post-NLR adjusted for all those variables
that were statistically significant and clinically relevant in
the univariate analysis comparing the two groups (post-
NLR <3.3 vs. post-NLR > 3.3).

A p value <0.05 was considered statistically significant.
Hazard ratios (HR) and 95% confidence intervals (95% CI)
were calculated for significant variable associations.

Results
Patient characteristics

Of the initial 935 patients, 788 patients met the complete
inclusion criteria. All of them were followed up at least 1 year
after surgery, with a mean follow-up after surgery of 4.2 years.
Fifty-two patients had died during the first year of follow-up.
Operative mortality was 1% (9 patients). In addition to 30-day
mortality, we observed 3 additional deaths between 30 and
90 days postoperatively, totaling a 90-day mortality rate of
1.3%. The remaining cases did not reach 1 year of follow-up,
did not have a blood sample determination 1 year after surgery,
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or had an acute episode of intercurrent pathology at that time
that could alter the neutrophil-lymphocyte ratio.

Among the 788 patients included in the final study sample,
483 (61.3%) were men and 305 (38.7%) women (p <0.001),
median age 69 years (IQR: 62.0-76.0).

The tumor was located in the colon in 554 (70.3%) patients
and in the rectum in 234 (29.7%) patients. There were 272
(34.5%) right colectomies, 64 (8.1%) left colectomies, 171
(21.7%) sigmoidectomies, 212 (26.9%) anterior rectal resec-
tions, 29 (3.7%) segmental resections, 7 (0.9%) combined
resections, 20 (2.5%) abdominoperineal amputations, and 13
(1.6%) total colectomies. Regarding the surgical approach, 218
(27.7%) patients underwent open surgery, 471 (59.8%) under-
went laparoscopic surgery, and 99 (12.6%) underwent robotic
surgery. According to the Clavien—Dindo classification, 149
(18.9%) patients experienced minor complications, while 102
(12.9%) suffered severe complications. Anastomotic leakage
was recorded in 42 (5.3%) cases. Neoadjuvant therapy was
administered predominantly in rectal cancer cases. A minority
of colon cancer patients with potentially resectable metastases
also received neoadjuvant chemotherapy (7 patients).

During follow-up from the first year after surgery, 122
(15.5%) patients died, while 666 (84.5%) remained alive.
At the same time, 139 (17.6%) recurrences were diagnosed
during the follow-up of this sample of patients.

The remaining baseline characteristics of the sample are
detailed in the left column of Table 2.

Differences between baseline NLR and post-NLR

The median baseline NLR was 2.58 (IQR: 1.80-3.63), and
the median post-NLR was 1.84 (IQR: 1.30-2.72). These dif-
ferences were statistically significant (p <0.001) (Fig. 1).
Regarding the established cut-off point 3.30, 251 patients
(31.9%) had an elevated NLR preoperatively, and 131
(16.6%) patients maintained elevated NLR postoperatively.
These differences were also significant (p <0.001).

Regarding the four subgroups, Table 1 presents the fre-
quencies of the various possible combinations according
to the pre- and post-NLR values. Most patients (59.4%)
exhibited low NLR levels before and after surgery. Regard-
ing tumor stage, a linear association was observed between
NLR subgroups and TNM stage (p =0.028), with subgroups
exhibiting elevated post-NLR values more frequently pre-
senting with advanced-stage disease (Fig. 2). Stage IV
patients were distributed across the four NLR subgroups,
with the majority falling into the high—high group.

Relationship of pre- and post-NLR with recurrence
and survival

Both baseline NLR (p=0.005; HR: 1.09, CI95%: 1.03-1.16)
and post-NLR (p <0.001; HR: 1.28, CI95%: 1.21-1.37) were
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Fig. 1 Differences observed
between baseline NLR and post-

NLR (1 year after surgery) as
continuous variables (p <0.001)
(Wilcoxon test)
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Table 1 ‘Frequency distribution Subgroups (pre-NLR/post-NLR) Baseline NLR Post-NLR n (%) TNM stage
of the different subgroups by subgroups
according to changes observed n (%)
between preoperative and
postoperative NLR values Normal: Low Low 468 (59.4) 1111 (23.7)
pre-NLR <3.3/post-NLR <3.3 II: 156 (33.3)
III: 172 (36.8)
1V: 29 (6.2)
Normalized: High Low 189 (24.0) 1. 41 (21.7)
pre-NLR >3.3/post-NLR <3.3 11: 84 (44.4)
III: 53 (28.0)
IV: 11 (5.8)
Exacerbated: Low High 62 (7.9) I: 11 (17.7)
pre-NLR <3.3/post-NLR > 3.3 1I: 21 (33.9)
III: 23 (37.1)
IV: 7 (11.3)
Elevated: High High 69 (8.8) 1. 11 (15.9)
pre-NLR >3.3/post-NLR > 3.3 1I: 20 (29.0)
I11: 29 (42.0)
1V: 9 (13.0)

significantly associated with long-term survival. At the end
of follow-up, 580 (88.3%) of patients with post-NLR <3.3
and 86 (65.6%) of patients with post-NLR > 3.3 were alive.
These differences were statistically significant (p <0.001;
OR: 3.94, 95%CI: 2.56-6.10).

In terms of survival, patients with post-NLR <3.3
had a mean survival of 88.5 months (95%CI 86.3-90.6)
while patients with post-NLR > 3.3 had a mean survival
of 68.7 months (95CI 62.5-74.9) (Fig. 3). Because of the
number of censored cases, median survival could not be
calculated. Among patients with post-NLR <3.3, the prob-
ability of being alive at 1, 3, and 5 years was 99.7%, 93.8%,
and 85.7%, respectively. In patients with post-NLR > 3.3,

the probability of being alive at 1, 3, and 5 years was 99.2%,
77.4%, and 62.7%, respectively. These differences were sta-
tistically significant (p <0.001; HR: 3.49, 95%CI 2.41-5.04).

Similarly, recurrence rates were significantly higher in
patients with post-NLR > 3.3 (38.2%) compared to those
with post-NLR <3.3 (13.5%) (p <0.001; HR: 3.84, 95%CI
2.65-5.56) (Fig. 4).

When stratifying by NLR evolution, we observed sig-
nificant differences between the 4 subgroups (p <0.001)
(Fig. 5). Patients with an NLR <3.3 who still had a low NLR
1 year after surgery had the best prognosis, with a probabil-
ity of being alive at 5 years of 88.3%. In contrast, patients
with a preoperative NLR <3.3 who 1 year after surgery had
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TNM Stage Distribution by NLR Subgroup (Percentage)
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Fig. 2 Distribution of TNM stages across postoperative NLR subgroups. A linear association was observed between subgroup classification and
tumor stage (p=0.028), with higher post-NLR values associated with more advanced disease stages
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NLR values > 3.3 had a worse prognosis, with a probability =~ confounders in the analysis of survival. We highlight the
of being alive at 5 years of only 54.9%. comorbidity measured by the Charlson Index (p <0.001;

OR:1.25, 95%CI 1.11-1.40), the baseline NLR values
Factors associated with NLR at 1 year after surgery both as a continuous variable (p <0.001; OR: 1.27; 95%CI

1.16-1.39) and as a categorical variable (p <0. 001; OR:
Table 2 shows the variables that were associated with

NLR values at 1 year after surgery and that could act as
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Fig.4 Disease-free survival
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Fig.5 Survival curves of the different subgroups according to NLR changes observed between before and after colorectal cancer surgery. Log-

rank test

2.23, 95%CI 1.52-3.26), rectal location (p <0.001; OR:
3.13, 95%CI 2.26-4.88), tumor stage (p <0.001; OR: 1.36,
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Table 2 Univariate analysis
of persistent elevation of
NLR 1 year after surgery.

*Statistically significant. OR:

Odds Ratio. 95% CI: 95%
Confidence Interval
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Total N (%) 788 (100)

Post-NLR <3.3 Post-NLR >33 p
N (%) 657 (83.4) N (%) 131 (16.6)

OR (95% CI)

Age 69.0 (62.0-76.0)
Median (IQR)
Sex:
Men 483 (61.3)
Women 305 (38.7)

Charlson score 3.0 (2.0-3.0)

Median (IQR)

BMI 27.0 (24.0-29.4)

Median (IQR)

Basal NLR 2.58 (1.83-3.67)

Median (IQR)

Basal NLR categorized:
<33 537 (68.1)
>3 251 (31.9)

Tumor location
Colon 554 (70.3)
Rectum 234 (29.7)

Tumor stage
I 174 (22.1)
1I 281 (35.7)
I 277 (35.2)
v 56 (7.1)

Nodal stage
NO 553 (70.2)
N+ 235 (29.8)

Lymphovascular invasion
No 548 (69.5)
Yes 240 (30.5)

Perineural invasion
No 617 (78.3)
Yes 171 (21.7)

Postoperative complications:
No 537 (68.1)
Minor 149 (18.9)
Severe 102 (12.9)

Neoadjuvant therapy
No 654 (83.0)
Yes 134 (17.0)

Adjuvant therapy
No 444 (56.3)
Yes 344 (43.7)

Recurrence in follow-up:
No 649 (82.4)
Yes 139 (17.6)

Dead in follow-up
No 666 (84.5)
Yes 122 (15.5)

69.0 (62.0-76.0) 70.0 (57.0-77.0) 0.265 0.99 (0.97-1.01)

394 (60.0) 89 (67.9) 0.088 0.71 (0.47-1.05)
263 (40.0) 42 (32.1)
2.0 (2.0-3.0) 3.0 (2.0-4.0) <0.001%* 1.25 (1.11-1.40)

27.0 (24.0-29.4) 27.0 (24.0-29.0) 0.896 1.00 (0.96-1.05)

2.46 (1.73-3.45) 3.25(2.24-4.83) <0.001* 1.27 (1.16-1.39)

468 (71.2) 69 (52.7) <0.001* 2.23 (1.52-3.26)
189 (28.8) 62 (47.3)
492 (74.9) 62 (47.3) <0.001% 3.13 (2.26-4.88)
165 (25.1) 69 (52.7)
152 (23.1) 22 (16.8) 0.005* 1.36 (1.10-1.70)
240 (36.5) 41 (31.3)
225 (34.2) 52 (39.7)
40 (6.1) 16 (12.2)
467 (71.1) 86 (65.6) 0.215 1.29 (0.86-1.92)
190 (28.9) 45 (34.4)
456 (69.4) 92 (70.2) 0.852 0.96 (0.64-1.45)
201 (30.6) 39 (29.8)
515 (78.4) 102 (77.9) 0.894 1.03 (0.66-1.62)
142 (21.6) 29 (22.1)
456 (69.4) 81 (61.8) 0.074 1.25 (0.98-1.61)
121 (18.4) 28 (21.4)
80 (12.2) 22 (16.8)
571 (86.9) 83 (63.4)
86 (13.1) 48 (36.6)
377 (57.4) 67 (51.1) 0.189 1.29 (0.88-1.87)
280 (42.6) 64 (48.9)
568 (86.5) 81 (61.8) <0.001* 3.94 (2.60-5.98)
89 (13.5) 50 (38.2)
580 (88.3) 86 (65.6) <0.001* 3.94 (2.56-6.10)
77 (11.7) 45 (34.4)
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95%ClI 1.10-1.70), and neoadjuvant therapy (p <0.001; OR:
3.84, 95%CI 2.52-5.85).

Multivariate analysis

The following variables were entered in a Cox regression
model: post-NLR (<£3.3 vs>3), comorbidity measured
by Charlson score, tumor stage, and rectal location. Col-
linearity was detected between variable rectal location
and neoadjuvant therapy, so neoadjuvant therapy variable
was not included. Post-RNL (p <0.001; HR: 3.37, 95%CI
2.26-5.02), tumor stage (p =0.009; HR: 1.32, 95%CI
1.07-1.62), comorbidity (p <0.001; HR: 1.24, 95%CI
1.11-1.37), and rectal location (p =0.005; HR: 0.54, 95%CI
0.35-0.83) remained independent predictors of long-term
survival after 1 year of surgery (Fig. 6).

Discussion

The results of this study, using NLR as an inflammatory
marker, confirm the importance of the patient's inflam-
matory status in colorectal cancer prognosis 1 year after
surgery. Based on the results obtained, patients with post-
NLR > 3.3 are four times more likely to experience recur-
rence or death. Multivariate analysis identified post-NLR
as an independent prognostic factor, even after adjusting for
tumor stage, comorbidity, and tumor location. Therefore, the
presence of post-NLR levels >3 1 year after surgery defines

a population of patients operated on for CRC at very high
risk of recurrence and death during follow-up. Other authors
have reached the similar conclusions with different NLR
cut-off points [20, 22-24], although in one study, NLR was
not subject to significant overall change from the pre- to
postoperative period [24].

Both preoperative and postoperative NLR are useful
prognostic factors for survival and recurrence. However,
most of the studies suggest that post-NLR is a stronger pre-
dictor [20]. This supports the idea that tumor removal may
enhance immune function, making posttreatment NLR a reli-
able indicator of future recurrence [25].

Post-NLR levels have been assessed either as absolute
values at a specific time after surgery [22, 25, 26], or by
considering the dynamics of longitudinal changes in their
values at different postoperative times [21, 23, 27].

We believe that one of the most interesting aspects in
these cases is to evaluate changes in inflammatory status
between pre- and postoperative periods, 1 year after surgery
in our study. We found that the type of variation observed
after curative CRC resection in the inflammation-based
prognostic marker NLR values has a clear prognostic impact
on tumor recurrence and long-term survival.

Our study demonstrates that, after resection of colorectal
neoplasia, in most patients, the post-LNR values are main-
tained (normal subgroup: “low-low”) or decrease signifi-
cantly with respect to baseline NLR (normalized subgroup:
“high-low”), indicating a good prognosis. However, those
with persistently high NLR (elevated group: “high-high™)

Colon vs rectal location: HE—
Charlson score: HEH
Tumor stage: HE—
Post-NLR: f = {
o 1 2z 3 4 5 o
HR

Fig.6 Forest plot for survival of patients with colorectal cancer 1 year after curative resection based on multivariate Cox proportional hazard

model
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or an increase from low to high levels (elevated group:
“low—high”) after 1 year from surgery have a worse prog-
nosis, as reflected in survival curves.

These findings are consistent with those reported by other
authors [21] with different NLR cut-off points and different
blood sampling times during follow-up. However, one study
[20] reported that the exacerbation subgroup (“low—high”)
had a similar prognosis to the persistently normal subgroup
(“low-low”). Shibutani et al. [22] also found that the “low-
low” subgroup had a better prognosis in survival compared
to the remaining subgroups, but they did no find significant
differences among these other subgroups.

Therefore, changes in NLR may reflect treatment efficacy
and its impact on survival [21, 23, 25]. However, three ques-
tions arise regarding the use of post-NLR as a prognostic
factor in patients operated on by colorectal cancer.

First, whether NLR is the most appropriate inflamma-
tory marker in these situations. Several inflammatory mark-
ers have been proposed for this purpose, including some
prognostic scales [28], but many comparative studies have
demonstrated its superiority to other markers [8, 29]. We
believe that the NLR is the most accessible and cost-effec-
tive option.

Second, there were also very notable differences among
the various published series regarding the timing of blood
sampling to assess postoperative NLR levels: 21-56 days
[21], 21-90 days [20], 1 month [22, 23, 25], between 1 and
3 months [26], between 3 and 6 months [24]. Our study used
a 1-year timeframe, allowing sufficient time to minimize the
influence of surgical trauma or adjuvant therapy on hema-
tologic parameters.

Third, there is still no consensus on the optimal NLR cut-
off value for CRC prognosis. Normal NLR values in healthy
adults range from 0.78 to 3.53 [30], while in CRC patients,
cut-offs typically range from 2 to 5 [7]. Most studies in
patients with CRC have used a threshold around 3 [21, 22,
25, 26], which closely aligns with our chosen cut-off of 3.3.

The mechanism underlying and the significance of the
persistent elevation of the systemic inflammatory response
in patients who have undergone resection of the primary
CRC (subgroup “high-high”) remain unclear. It is thought
that may reflect the complex interaction between the local
immune response at the tumor microenvironment and the
systemic inflammatory response [21].

There is sufficient evidence of the inflammatory patho-
genesis of colorectal cancer [4]. Proinflammatory systemic
factors can act as initiators of carcinogenesis, and, during
neoplastic transformation, tumor cells also release proin-
flammatory substances which contribute to creating a situ-
ation of systemic inflammation [5]. At the same time, cer-
tain substances released by tumor associated neutrophils
may act to promote tumor growth [31]. On the other hand,
lymphocytes, both peripheral blood and tumor infiltrating
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lymphocytes, play a key role in antitumor immunity [32].
In fact, the absolute lymphocyte count is assumed to reflect
the degree of responsiveness of a cancer patient’s whole
immune system [33]. This would explain why patients with
elevated NLR levels would have a worse prognosis. There-
fore, a persistently high NLR after surgery means the con-
tinuation of an environment that is favorable for recurrence.

From a clinical point of view, some authors [21, 22, 24,
25] have already suggested the more than possible associa-
tion between postoperative high levels of neutrophil-lym-
phocyte ratio and the presence of minimal residual disease
or early metastatic disease in these patients. Murray et al.
[25] defined minimal residual disease as bone marrow
micro-metastases and circulating tumor cells, noting that
NLR only decreased in patients without these circulating
cells. Their presence was associated with immune dysfunc-
tion and poorer prognosis.

However, Yasui et al. [20] suggest that persistently high
inflammatory markers may reflect a patient’s intrinsic
inflammatory state. To demonstrate this, they analyzed vari-
ous prognostic markers, including NLR, in the “elevated”
subgroup 5 years post-surgery without recurrence. Over 90%
maintained high inflammation levels, though initial tumor
stage data were not provided.

Our results support the hypothesis that high NLR lev-
els 1 year after surgery often indicate undetectable disease
progression. Survival curves confirm this trend. In addi-
tion, the univariate analysis revealed that patients with high
post-NLR levels typically had more advanced disease. How-
ever, it is questionable whether the response to the micro-
metastatic lesion and the response to the primary tumor are
equivalent [22].

Univariate analysis identified comorbidity, neoadju-
vant therapy, and tumor location as potential confounders,
alongside tumor stage. Regarding tumor stage, all included
stage IV cases met stringent criteria for curative resection.
These patients represent a distinct subgroup with potentially
favorable long-term outcomes [34], and for this reason, they
were not excluded from the study. In addition, acknowledg-
ing the potential for confounding, we included tumor stage,
post-NLR, tumor location, and comorbidity as covariates
in the multivariate analysis, with the intention to adjust for
their possible influence on survival outcomes. Tumor stage
emerged as an independent prognostic factor. These find-
ings support the relevance of post-NLR assessment even in
patients with stage IV disease.

Comorbidity was strongly associated with post-NLR
and is known to predict higher mortality in cancer patients,
including CRC, particularly from cardiovascular causes [35].
Comorbidity could also have influenced survival because of
its relationship with the poor tolerance to chemotherapy that
some of these patients would present [36]. These data were
not analyzed in our study.
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With respect to tumor location, it has been suggested that
there is a greater inflammatory response in rectal cancer than
in colon cancer, which may explain why preoperative NLR is
not always an independent survival predictor in patients with
rectal cancer [37]. Additionally, neoadjuvant radiotherapy,
common in rectal cancer, may induce a prolonged inflam-
matory response, contributing to elevated post-NLR levels.

Limitations of this study include the single-center and
retrospective study design. Its retrospective design may
introduce selection bias and unmeasured confounding fac-
tors. Additionally, genetic status data (KRAS, BRAF, and
microsatellite instability), which may play an important
role in the prognosis of the neoplasm, were not analyzed.
Strengths include a large, representative sample, standard-
ized blood collection timing, and the use of a single refer-
ence point (1 year post-surgery) to assess NLR’s prognostic
significance. Data were also collected prospectively, and
control for potential confounders was performed by multi-
variate analysis.

Conclusions

Our study underscores the prognostic value of NLR 1 year
after colorectal cancer surgery. Elevated pre- and post-NLR
levels correlate with poorer survival, suggesting a role for
persistent inflammation in disease progression. Patients with
increasing or consistently high NLR have worse outcomes.
Future research should assess NLR’s role in treatment deci-
sions and its integration into prognostic models. NLR should
be routinely included in blood test reports.
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En vista de los resultados obtenidos tras el desarrollo de esta investigacion, podemos

concluir que:

1)

Las complicaciones postoperatorias tras cirugia por cancer colorrectal,
evaluadas mediante el indice CCl (Comprehensive Complication Index), se
asocian con resultados oncolégicos adversos. Se necesitan esfuerzos para
reducir tanto la incidencia como la severidad de estas complicaciones, dado su
impacto en la supervivencia a largo plazo.

La escala S-CRC-PC (Surgical - Colorectal Cancer - Postoperative
Complications), que incorpora por primera vezlas complicaciones
postoperatorias junto con variables clasicas como el estadio tumoral (TNM), la
edad del paciente y las comorbilidades, podria resultar una herramienta util para

predecir los resultados oncoldgicos a largo plazo.

Los niveles de Proteina C Reactiva (PCR) en el cuarto dia postoperatorio
muestran una relacién estadisticamente significativa con la aparicion
de cualquier tipo de complicacion postoperatoria, no solo con la dehiscencia
anastomdética. Ademas, se observa una correlacién positiva entre la puntuacion
del CCl y los valores de PCR.

Segun nuestros resultados, un nivel de PCR < 42 mg/L en el cuarto dia
postoperatorio permite descartar con seguridad la aparicién de complicaciones
postoperatorias, lo que podria ser utii como marcador precoz de evolucion

favorable.

El indice neutrdfilo-linfocito (INL) basal elevado (> 3.3) en pacientes con cancer
colorrectal en el momento del diagndstico representa un factor de mal
prondstico en términos de supervivencia. Se trata de un parametro sencillo,
reproducible y de bajo coste, obtenido a partir de un hemograma convencional.
La incorporacion del INL en la practica clinica rutinaria podria ayudar a identificar
a los pacientes con mayor riesgo de progresion tumoral, permitiendo intensificar
las estrategias terapéuticas (como la seleccion de regimenes de quimioterapia
mas agresivos o terapias adyuvantes) y optimizar el seguimiento en este
subgrupo de alto riesgo. Futuros estudios deberan validar su utilidad en

algoritmos pronésticos integrados con otros marcadores clinicos y moleculares.
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4) EIINL al afio de la cirugia por CCR se relaciona con el prondstico oncoldgico. La
elevacioén del valor al diagnéstico y al aio de la cirugia se asocia con una menor
supervivencia, lo que sugiere un papel relevante de la inflamacion persistente en
la progresion de la enfermedad. Los pacientes con una elevacion mantenida o
progresiva a lo largo del proceso oncolégico presentan peores resultados

clinicos.
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INTRODUCCION

El cancer colorrectal representa una de las principales causas de incidencia y mortalidad
por cancer a nivel mundial. Aunque se han establecido multiples factores pronésticos,
estos podrian presentar limitaciones al no considerar aspectos como la respuesta
inflamatoria sistémica del paciente o la aparicion de complicaciones postoperatorias,
elementos que pueden influir en el prondstico. En este contexto, diversos estudios han
sefialado el valor potencial de biomarcadores inflamatorios accesibles y econémicos,
como la proteina C reactiva y el indice neutrdfilo-linfocito, asi como herramientas mas
sensibles para cuantificar la carga de morbilidad postoperatoria, como el

Comprehensive Complication Index.

OBJETIVOS

Esta investigacion se propuso analizar de manera conjunta el valor clinico de las
complicaciones postoperatorias, el comportamiento de la proteina C reactiva en el
postoperatorio inmediato y el valor prondstico del indice neutréfilo-linfocito tanto en el
momento del diagnostico como un afio después de la cirugia y su relacién con el

prondstico del cancer colorrectal.

RESULTADOS

Los resultados obtenidos muestran que las complicaciones postoperatorias, evaluadas
mediante el Comprehensive Complication Index, se asocian de forma independiente con
un peor pronédstico oncoldgico a largo plazo. A partir de esta observacién se desarrollo
una nueva escala pronodstica, denominada S-CRC-PC, que integra el indice de
complicaciones con factores clasicos como el estadio tumoral, la edad del paciente y la
presencia de comorbilidades. Por otro lado, se observo que la proteina C reactiva en el
cuarto dia postoperatorio se correlaciona significativamente con la aparicién de
cualquier tipo de complicacion, no solo con la dehiscencia anastomética, destacando un
valor umbral de 42 mg/L por debajo del cual puede asumirse una evolucién favorable.
En cuanto al indice neutrdfilo-linfocito, se evidencié que valores elevados en el momento
del diagnostico se asocian con una menor supervivencia global y especifica,
confirmando su utilidad como marcador pronéstico temprano. Asimismo, el analisis del
indice un afio después de la cirugia demostro que una elevacién persistente se relaciona
con peores resultados clinicos, reforzando la hipotesis del papel relevante de la

inflamacion sistémica mantenida en la progresion tumoral.
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CONCLUSIONES

En conjunto, los hallazgos de este trabajo confirman la relevancia de adoptar un enfoque
integral en el abordaje del cancer colorrectal, que no se limite exclusivamente a las
caracteristicas del tumor, sino que contemple también la respuesta biolégica del
paciente y los eventos clinicos ocurridos durante el proceso terapéutico. La
incorporacion de marcadores inflamatorios sistémicos accesibles, como la proteina C
reactiva y el indice neutrdfilo-linfocito, junto con una valoracion cuantitativa de las
complicaciones postoperatorias a través del Comprehensive Complication Index, podria

aportar una estratificacion prondstica precisa, personalizada y coste-efectiva.

PALABRAS CLAVE
Cancer colorrectal; factores  pronésticos; complicaciones  postoperatorias;

Comprehensive Complication Index; proteina C Reactiva; indice neutrdfilo-linfocito
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INTRODUCTION

Colorectal cancer is one of the leading causes of cancer incidence and mortality
worldwide. Although numerous prognostic factors have been established, they may
present limitations by failing to account for variables such as the patient’s systemic
inflammatory response or the occurrence of postoperative complications—elements that
can significantly influence clinical outcomes. In this context, various studies have
highlighted the potential prognostic value of accessible and cost-effective inflammatory
biomarkers, such as C-reactive protein and the neutrophil-to-lymphocyte ratio, as well
as more sensitive tools for quantifying postoperative morbidity burden, such as the

Comprehensive Complication Index.

OBJECTIVES

This research aimed to jointly assess the clinical impact of postoperative complications,
the behaviour of C-reactive protein in the immediate postoperative period, and the
prognostic significance of the neutrophil-to-lymphocyte ratio, both at the time of diagnosis

and one year following surgery, in relation to colorectal cancer prognosis.

RESULTS

The findings indicate that postoperative complications, when assessed using the
Comprehensive Complication Index, are independently associated with worse long-term
oncological outcomes. Based on this observation, a new prognostic scale—termed S-
CRC-PC—uwas developed, integrating the CCI with traditional variables such as tumour
stage, patient age, and comorbidities. Furthermore, CRP levels on postoperative day
four were found to correlate significantly with the occurrence of any type of
complication—not solely anastomotic leakage—highlighting a threshold of 42 mg/L
below which favourable clinical progression may be assumed. Regarding the neutrophil-
to-lymphocyte ratio, elevated values at diagnosis were associated with reduced overall
and cancer-specific survival, supporting its utility as an early prognostic marker.
Additionally, NLR measured one year after surgery showed that persistent elevation was
linked to poorer clinical outcomes, reinforcing the hypothesis that sustained systemic

inflammation plays a crucial role in tumour progression.
CONCLUSIONS

Taken together, these findings underscore the importance of adopting a comprehensive

approach in the management of colorectal cancer—one that goes beyond tumour-
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specific characteristics to also encompass the patient’s biological response and
perioperative clinical events. The incorporation of accessible systemic inflammatory
markers, such as CRP and NLR, alongside a quantitative assessment of postoperative
complications through the Comprehensive Complication Index, may offer a more

accurate, individualised, and cost-effective method for prognostic stratification.

KEYWORDS
Colorectal cancer; prognostic factors; postoperative complications; Comprehensive

Complication Index; C reactive protein; neutrophil-to-lymphocyte ratio
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