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La conexion que existe entre la lesion renal y el cancer es bidireccional. Por un lado,
tanto el fracaso renal agudo como la enfermedad renal crénica (agudizada o su
desarrollo) aumentan la morbimortalidad de la poblacion con cancer. A su vez, la
aparicion de procesos neoplasicos y sus tratamientos pueden repercutir

negativamente en la funcion renal.

En la ultima década se ha producido un cambio muy relevante en el prondstico de
diferentes tipos de cancer de érgano solido gracias al desarrollo de nuevas terapias
oncoespecificas y, principalmente, a la inmunoterapia. Este hecho ha propiciado
nuevos retos para nefrélogos y oncologos a la hora de caracterizar y tratar las
nuevas formas de presentacion de lesidn renal asociada a estos nuevos

tratamientos. De este abordaje multidisciplinar nace la Onconefrologia.

El objetivo de la presente tesis es evaluar las causas de insuficiencia renal en los

pacientes afectos de cancer y su repercusion prondstica.

Se han realizado tres trabajos. En el primero de ellos se objetiva que la nefritis
intersticial aguda es la lesiéon renal mas frecuente en los pacientes con cancer que
reciben inmunoterapia y su prondstico es favorable si se instaura un tratamiento de
manera inmediata al fracaso renal agudo. El segundo trabajo analiza una serie de
759 pacientes con neoplasia de oOrgano solido que reciben inmunoterapia,
presentando una incidencia de fracaso renal agudo del 15,5%. La edad y la peor
funcion renal basal son factores de riesgo independientes para desarrollar fracaso
renal agudo. En este trabajo se demuestra que la presencia de un solo episodio de
fracaso renal agudo aumenta el riesgo de muerte en este grupo de pacientes. En
el tercer trabajo, multicéntrico y en colaboracion con el grupo GLOSEN vy
Onconefrologia, ambos grupos de trabajo de la Sociedad Espafiola de Nefrologia,
gueda de manifiesto que el 80% de los pacientes con cancer que se someten a
biopsia renal se pueden beneficiar de un tratamiento especifico, asi como que la
nefritis intersticial aguda es la lesion renal predominante al compararla con periodos

de tiempo previos al uso de inmunoterapia.
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The link between kidney injury and cancer is bidirectional. On the one hand, both
acute kidney injury and chronic kidney disease (exacerbated or developing)
increase the morbidity and mortality of the population with cancer. On the other
hand, the presence of cancer and its treatments can have a negative impact on

renal function.

In the last decade there has been a relevant change in the prognosis of different
types of solid organ cancer thanks to the development of new oncospecific therapies
and, mainly, immunotherapy. This fact has led to new challenges for nephrologists
and oncologists when it comes to characterizing and treating the new forms of
kidney injury associated with these new treatments. Onconephrology is born from

this multidisciplinary approach.

The objective of this thesis is to evaluate the causes of kidney injury in patients with

cancer and its prognosis.

Three articles have been developed. The first study shows that acute interstitial
nephritis is the most common kidney injury in cancer patients receiving
immunotherapy and its prognosis is favourable if treatment is started immediately
after acute kidney injury. The second study analyzes a sample of 759 patients with
solid organ neoplasia receiving immunotherapy, presenting an incidence of acute
kidney injury of 15.5%. Age and baseline renal function were identified as
independent risk factors for developing acute kidney injury. This study establishes
that the presence of a single episode of acute kidney injury increases the risk of
death in this group of patients. The third study, multicenter and in collaboration with
the GLOSEN and Onconephrology, both working groups of the Spanish Society of
Nephrology, showed that 80% of patients with cancer who undergo kidney biopsy
can benefit from a specific nephrological treatment, as well as acute interstitial
nephritis is the predominant kidney injury when compared to time’s periods prior to

the use of immunotherapy.
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1.1 Cancer y enfermedad renal

1.1.1. Epidemiologia de la enfermedad oncoldgica en las ultimas

décadas

El cancer, que se define como un conjunto de enfermedades caracterizadas por la
division anormal y descontrolada de células con capacidad para invadir otros
tejidos, es actualmente una de las primeras causas de morbi-mortalidad a nivel

global, superada unicamente por la patologia cardiovascular.

Segun los datos recogidos por la International Agency for Research on Cancer
(IARC) de la Organizacion Mundial de la Salud (OMS), se diagnosticaron 18,1
millones de casos nuevos de cancer en el mundo en 2020 (excluidos de esta cifra
los tumores cutaneos no melanoma) y se espera que esta cifra aumente hasta los
27 millones en 2040* (Figura 1).

En Espafia, se estima que se diagnosticaran en 2022 hasta 280.000 casos de
cancer segun los calculos de la Red Espafiola de Registros de Cancer (REDECAN).
Se trata de una estimacion realizada a partir de datos previos a la pandemia de la
Covid-19, la cual ha mermado la disponibilidad de los sistemas de salud para el
cribado y diagndstico de cancer. Segun la Sociedad Espafiola de Oncologia Médica
(SEOM), el numero de canceres colorrectales y de mama diagnosticados en 2020,
frecuentemente detectados mediante programas de cribado, ha sido menor a lo
esperado segun cifras previas, probablemente por el efecto de la pandemia y la

subsiguiente debilitacion de los sistemas sanitarios.

23



24

KRRRRR

2020: 18.094.716 2040: 26.997.577 (+49,2%)

4 Cambios demograficos
% =500.000

Figura 1. Incidencia estimada de tumores en la poblacion mundial para ambos sexos (excluidos tumores
cutaneos no melanoma). Adaptado de SEOM™.

En Espafa, en las ultimas décadas, se ha producido un aumento del nimero de

diagnésticos de cancer como consecuencia de la interaccion de diversos factores:

a) Aumento del nimero de habitantes en nuestro pais, pasando de casi 39
millones en 1990 a 47 millones en 2021.

b) Envejecimiento de la poblacion (Figura 2).



c) Potenciales consecuencias de la exposicion a largo plazo de factores de
riesgo como el tabaco, alcoholismo, contaminacion, obesidad vy
sedentarismo.

d) Implementacion de programas de cribado y el aumento de la deteccion

precoz, tales como cancer colorrectal, mama, cérvix y prostata.
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Fuenta: Red Espafiola da Registros de Cancer (REDECAN

Figura 2. Probabilidad en % de desarrollar cAncer por sexo en Espafia en el afio 2021. Adaptado de SEOM?

A pesar del incremento progresivo del numero de pacientes diagnosticados de
cancer, la tendencia general en cuanto a mortalidad debida a enfermedad
oncolbgica estad en constante descenso. Esto se debe a la implementacion de
medidas de prevencion, diagndéstico precoz y, sobre todo, los avances terapéuticos
gue conllevan al aumento de la supervivencia y, en ocasiones, a la cronificacién de
la enfermedad neoplasica (Figura 3). De manera particular, la mortalidad en cancer
de pulmon esta aumentado en las mujeres en los Ultimos afios, asi como también

los fallecimientos por cancer de pancreas en ambos sexos.

25



26

Segun el Instituto Nacional de Estadistica (INE), en 2020 la enfermedad
cardiovascular fue la principal causa de fallecimientos en nuestro pais, alcanzando
el 24,3% respecto al total de 493.776 personas fallecidas ese afio. En segundo
lugar se encontraba el cancer (22,8%) y en tercer lugar las enfermedades
infecciosas (16,4%, siendo 74.837 personas de 80.793 fallecidas por COVID 19).

ven e Hombres

Tasa estandarizada por edad (mundial) por 100.000

Mujeres

E:] T T T T T T T T T T T

1955 1965 1875 1935 1935 2005 2015

Internatianal Agel

Figura 3. Mortalidad estandarizada por tumores en Esparia desde los afios 1955 y 2015. Adaptada de SEOM*.



1.1.2. Laenfermedad renal en el paciente oncolégico

El paciente oncolégico sufre, durante la evolucién de la patologia neoplasica, en
multiples ocasiones, diversas complicaciones meédicas que requieren de atencion
clinica multidisciplinar, derivadas tanto de la propia enfermedad como de los
tratamientos administrados. El dafio renal es una complicacion frecuente de los
enfermos oncoldgicos, que se ha relacionado con peor evolucion global del
enfermo?. La etiologia del dafio renal en esta poblaciéon es multiple y su incidencia
ha aumentado en los dltimos afios, lo que ha motivado la aparicion de una nueva

subespecialidad dentro de la nefrologia: la onconefrologia.

El fracaso renal agudo, las alteraciones hidroelectroliticas y del equilibrio &cido-
base, asi como la aparicion o exacerbacion de la enfermedad renal crénica (ERC)
son complicaciones frecuentes que acontecen en el paciente oncolégico. Por otro
lado, algunas glomerulopatias, enfermedades tubulointersticiales y vasculares que
afectan al rifndn pueden asociarse con cancer de érgano sélido y ser una de las
primeras manifestaciones clinicas de un proceso neoplasico no diagnosticado

previamente.

La enfermedad renal crénica (ERC) esta definida por la KDIGO (Kidney Disease
Improving Global Outcomes) como la presencia de un filtrado glomerular inferior a
60ml/min/1.73m? durante un periodo de tiempo igual o superior a tres meses y/o
una alteracién estructural o funcional del riién objetivado mediante prueba de
imagen, histologia o sedimento urinario donde se incluye presencia de proteinuria

o albuminuria3.
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Basandose en el criterio del filtrado glomerular y la albuminuria la enfermedad renal

cronica se clasifica en distintos estadios (Figura 4).

Categoria de ERC Filtrado glomerular
(ml/min)
Gl 90
G2 60-89
G3a 45-59
G3b 30-44
G4 15-29
G5 15
Categoria de Alb/Creatinina (Cr)
albuminuria mg/g
Al 30
A2 30-300
A3 300

Figura 4. Clasificacion de ERC segun el filtrado glomerular y la albuminuria en muestra de orina aislada.

La prevalencia mundial de la ERC se sitia alrededor del 13,4%, segun un
metaanalisis* que incluyé a 6.908.440 pacientes, en el que el 10,6% presentaban
un filtrado glomerular inferior a 60ml/min/1,73m?2. A nivel nacional, segun datos del
estudio ENRICA (Analisis del Estudio de Nutriciébn y Riesgo Cardiovascular), la
prevalencia de ERC en Espafa afecta al 15,1%, mas a varones (23,1% vs. 7,3%
en mujeres), aumentando segun se incrementa la edad (4,8% en sujetos de 18-
44afos, 17,4% en sujetos de 45-64 anos, y 37,3% en sujetos =65anos) y en
personas con enfermedad cardiovascular previa (39,8% vs. 14,6%)° Esta
proporcion de adultos con ERC se espera que siga aumentando en las proximas

décadas, situandose en el 17% en 2040 y en casi el 25% en 21006.



No obstante, en la poblacion afecta de cancer de 6rgano sélido se ha objetivado
una prevalencia de ERC previa al inicio del tratamiento oncolégico de entre el 12 y
el 57%, sustancialmente mayor que en poblacién general’1°. Particularmente,
destaca la alta prevalencia de ERC en personas con tumores renales y de vejiga
(28,7% y 46% respectivamente)t12. Tal y como refleja el estudio IRMA (Renal
Insufficiency and Cancer Medications), basado en una cohorte francesa de 4.684
pacientes diagnosticados de cancer, el 57% tenian filtrado glomerular (FG) inferior
a 90ml/min/1,73m? y el 20% FG inferior a 60ml/min1.73m? por férmula Cockcroft
Gault)®3.

Por otra parte, la presencia de dafio renal, determinado por el descenso de FG por
debajo de 90ml/min, estimado mediante ecuaciones que combinan creatinina y
cistatina C, se asocia a un aumento de la incidencia de cancer, sobre todo a nivel
hematoldgico, respiratorio y abdominal!4. Estos datos son similares a los de otras
cohortes poblacionales, en las que el aumento del riesgo de sufrir cancer con un
FG inferior a 60ml/min/1.73m? es del 108%%.

Otro factor sumatorio e independiente es la presencia de albuminuria,
principalmente en cancer de pulmén y de vejigat®l’. En una cohorte noruega de
5.425 pacientes sin diabetes y con un seguimiento superior a diez afos, se
diagnostic6 de una primera neoplasia al 10,9% de los sujetos, resultando la
presencia de microalbuminuria un factor de riesgo para el diagndstico de neoplasia
tras ajustar por indice de masa corporal, tabaco, uso de inhibidores de enzima
convertidora de angiotensina/antagonistas de receptores de angiotensina tipo I
(IECA/ARA 1) y edad'®. Entre las posibles explicaciones plausibles esta la
inflamacion sistémica a la que contribuyen algunos canceres y que aumentaria la
permeabilidad glomerular a la albumina. Por otro lado, también est4 implicado el
factor de crecimiento endotelial vascular, que contribuye a la presencia de
albuminuria y juega un papel fundamental en la progresion, invasion y metastasis

del cancer de pulmén?’.
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El subgrupo de poblacion de pacientes que requieren terapia renal sustitutiva
(didlisis o trasplante) presentan un riesgo de desarrollar cancer aun mayor. El
cancer es la causa de fallecimiento en el 22,2% de los pacientes trasplantados
renales a partir del afio de la cirugia®. En los pacientes que dependen de didlisis
existe también una tendencia al aumento de incidencia de cancer en todos sus
tipos?%, pero en particular, en neoplasia de tracto urinario, endocrinolégica y de

tracto digestivo?!®,

Asi pues, la ERC y el cancer estan relacionados de manera bidireccional al existir
algunos factores de riesgo que favorecen ambas patologias, como son el estrés
oxidativo, la inflamacion cronica, el envejecimiento, las infecciones virales y el
hébito endlico y tabaquismo. La alteracion de la funcién excretora renal podria
prolongar la vida media plasméatica de algunas citocinas proinflamatorias como la
IL-1beta (Interleucina 1 beta) , II-6 y TNF-alfa y que ello se asociase a un persistente
estado proinflamatorio en el organismo?!. En este contexto inflamatorio, las células
tumorales escapan de la vigilancia inmune. Por otro lado, la acumulaciéon de
sustancias carcinogénicas, estrés oxidativo y defectos de reparacion del &cido
desoxirribonucleico causa mutaciones en oncogenes 0 genes supresores de

tumores, resultando en la sintesis de células con ventajas proliferativas??.

Los mdltiples factores que interactian entre el paciente, la enfermedad oncoldgica

y la ERC se describen a continuacion (Figura 5):

a) Factores relacionados con el cancer: hipercalcemia, infiltracion tumoral,
obstruccién urinaria o enfermedad renal paraneoplasica.

Factores relacionados con la terapia contra el cancer: tanto la inmunoterapia,

la quimioterapia como nuevas terapias especificas, radioterapia, cirugia que
incluya nefrectomia, sindrome de lisis tumoral y en ocasiones, uso de
antiinflamatorios no esteroideos (AINES) como analgésicos.

b) Factores especificos del paciente: edad, filtrado glomerular basal y presencia
de microalbuminuria, enfermedades como hipertension, obesidad, diabetes
mellitus, habito tabaquico, exposicion de riesgo a asbesto y contaminacion,
infecciones virales (Hepatitis B y C, Virus de la Inmunodeficiencia Humana,

Citomegalovirus, Virus Epstein-Barr y Virus Papiloma Humano). Cabe



destacar condiciones genéticas como la enfermedad de Von Hipplel-Lindau
y esclerosis tuberosa.

c) Factores propios de la terapia de la ERC del paciente: agentes estimuladores

de la eritropoyesis, inmunosupresion (ciclofosfamida, inhibidores de
calcineurina).

d) Fracaso renal agudo en el paciente con cancer, factor de riesgo para la

exacerbacion o desarrollo ulterior de enfermedad renal crénica: secundario
a los farmacos antineopldsicos administrados, sepsis, baja ingesta,

deplecion de volumen y polifarmacia.

4 - ‘\‘ 4/’7 - /,,’ & = “\\\
o \/ E
/ /ﬁ\ \\ / \ . \\,
[ [ N [\ # 0 \ Factores
7 |} * \ relacionados

Gl 3 | con terapia del
Y - / cancer
% 2 Y

N /
3 = =
- . e B ™ | s
Factores A X
g // \
especificos del / B \
dicer ‘/ \ Factores
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|
\ / del
\ / Z
\ Vi paciente

Figura 5. Factores relacionados con la ERC en el paciente oncoldgico. Adaptado y traducido de Rosner et al
202123, FRA: fracaso renal agudo. ERC: enfermedad renal crénica.
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1.1.3. Fracaso renal agudo en el paciente oncoldgico

La insuficiencia renal aguda en el paciente con cancer es una de las principales
formas de lesion renal diagnosticadas en esta poblacién e implica consecuencias
negativas en cuanto a morbilidad, disminucién de las posibilidades de remision
completa de la enfermedad oncolégica y aumento de la mortalidad?*-?’. El fracaso
renal agudo (FRA) conlleva una alteracion en la biodisponibilidad y/o seguridad de
muchos farmacos oncolégicos, con la necesidad de ajuste de dosis y en ocasiones

cese o cambio de linea de tratamiento.

La insuficiencia renal aguda se define como la disminucién en la capacidad que
tienen los rifiones para eliminar productos nitrogenados de desecho, instaurada en
horas a dias?®. La epidemiologia del fracaso renal agudo es muy diversa y varia en
funcion de la clasificacion empleada por las distintas sociedades cientificas (Tabla

1), el tipo de cancer y la poblacién incluida.



BARTNISNS jeusl Bldels] (SM | JBINISLLIOIL) OpediiH (O (pu3)
|eUILLR] leual
apany . olpe1s2 uclauny ap
opels
Uz oH3 a|qisianall
ulg
epin g eled “SELEWISS
(sso7)
osiwoldwod ¥ <
0SHL v Quarsisiad L
. . uclouny ap
pEDI|ELLIOU opels apnfe
epeBuojoud
ap O)je JojeA [eual eDIDI®
Sa0ah 9= | 0SEJEL] Piplad
SHl P (7p/Bwg'o
’ PEPIS3IaU
uoeziEendsoy ) < ap [eseq
L PEDI|ELLIOU © TPbws’o uzL oloadsal
2 .o E o Uzl (ip/buig’o< o tel=eunue <s=p o X BLUNUE L unuo2) (aunqieq)
_D_m>ﬂ.m_m_-:m opEID x /B IEsEq opEID oure opnbe | opEID 0 :.qm X B o__m.u_
e o opadsal Xubyiw | o IpBwyz o J_UH o_R
i w__mumm “ GO 1 uo) 00> 190eX19 L/OH/WE O o]
<
¢ Tp/Bwy= &w.w_.x Mu_
mocxio
PEPIEWLIOU
=p O)je Uz 4 uek
z Ip/fwgp=s yzL z xuByaw | epog< 947 (Aanlup)
10jEA 2100S O X Wby opel ‘T X1
: a opelD _.__‘_ A 0ZXID PEID X /B w beexio opeID G'0= 0gxXID oueq
leseq o1oadsal G'o= .
. co=
ecLinl
SEIOY
pPEPIEWIOU us
2p Jouadns L SEIOY 9 X IJpBwe’n=z . SEIOY 9 X ._nw%Em__u| L SEIOY 9 X @an_m N (ds1M)
= E
anw ¢ opel G/ wg’ 0G LX) By wg’ opel Bu/wg’ oBisal
WL G PEID | WOH/WS 0= CLXID opeis U/ WG 0= 0 seIp; Ua PEID | U/DM/WS 0= 0¢'L XI0 b
-l anuain | _
ZELXID
020g24nip ajzunip i=lyle)
oL ouwnu oL 940
120°SA IVII1ON OLBILD 40 OLBIID OUSIUD | 1D OUSIID OLBILID 40 0LBIUD
azNIAY e elala)! sz 1d1H

"SEINIUSID SBPEPIUNLIOD SBUNSIP UNbas w4 ep UOIDEDILISE]) 1| ejqeL

33



34

Existen factores de riesgo para desarrollar FRA independientes de la situacion
oncoldgica del paciente, como la edad mayor de 66 afios, hipovolemia, ERC previa,
diabetes mellitus, sepsis 0 uso concomitante de inhibidores de enzima convertidora

de angiotensina/antagonista de los receptores de angiotensina Il con diuréticos?°-3°,

En una cohorte danesa analizada entre 1999 y 2006 (n=37.267), el riesgo de FRA
segun la clasificacion RIFLE al afio del diagnéstico de cancer fue de 17,5% y a los
cinco afios del 27%; de todos ellos alrededor del 5% requirieron terapia renal
sustitutiva. En un estudio multicéntrico retrospectivo chino, que analiz6 los datos de
136.756 pacientes ingresados con cancer entre 2013 y 2015, la muerte
intrahospitalaria en pacientes que habian presentado FRA fue del 12% frente al
0,9% de los pacientes que no habian tenido alteracion en su funcién renal3:. Kitchlu
y cols. estudiaron recientemente una poblacion de 163.071 canadienses que
recibieron tratamiento oncoldgico sistémico entre 2007 y 2014, siendo la ratio de
fracaso renal agudo de 27 por 1000 personas-afo y una incidencia acumulada del
9,3%.

De acuerdo con los mecanismos fisiopatoldgicos y anatomicos, el fracaso renal

agudo puede clasificarse en pre-renal, renal y post-renal (Figura 6).
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1.1.4. La enfermedad renal crénica como limitacion terapéutica y

de prondstico en el paciente oncoldgico

La ERC previa al diagndéstico de cancer, su aparicion, o bien el empeoramiento tras
el diagnéstico de este, es una caracteristica clinica de gran impacto para el
paciente, pudiendo limitar tanto su prondstico como las opciones de tratamiento.

En primer lugar, la mortalidad en los pacientes con cancer es mayor si presentan
ERC asociada, tal y como demuestran varios trabajos publicados®?23, En un estudio
prospectivo de 4.007 pacientes con seguimiento medio de 12 afios, realizado por
Iff y cols., se objetivd que el FG inferior a 60ml/min suponia un riesgo relativo de

1,27 para la mortalidad por cancer?.

En segundo lugar, los pacientes con ERC han sido excluidos de la mayoria de los
ensayos clinicos de farmacos contra el cancer, lo que dificulta la generacion de
evidencia cientifica sobre la eficacia, pauta y dosis adecuada en esta poblacién34.
En una revisién sistematica de 310 ensayos clinicos de farmacos contra el cancer,
publicados entre 2012 y 2017 en revistas de alto impacto y que incluyen en total
282.889 pacientes, se ha objetivado que el 85% de los ensayos habian excluido a
los pacientes con deterioro de funcién renal®®. El motivo para excluir a este grupo
de pacientes mas frecuente fue la creatinina sérica elevada (62%), seguido de la
disminucién del aclaramiento de creatinina (44%) y el filtrado glomerular estimado
(5%), siendo en este ultimo caso el umbral utilizado con mayor frecuencia el de
45ml/min. Como consecuencia de esta infrarrepresentacion en los ensayos clinicos,
muchos pacientes con ERC, ante la falta de datos clinicos reales e imperando la
actitud conservadora, o bien no son considerados para recibir ciertas terapias
contra el cancer o reciben dosis posiblemente infraterapéuticas, impidiendo asi una
potencial mejora en su morbilidad y mortalidad®®¢. En el caso de los pacientes bajo
tratamiento con terapia renal sustitutiva, la informacion disponible sobre el ajuste
de dosis se basa en informes de casos o series pequefias3’3, con demostrada

desigualdad entre dichas recomendaciones y la préactica clinica habitual®®.



1.2. Tratamientos oncoespecificos y toxicidad renal

1.2.1.Tratamientos clasicos

1.2.1.1. Quimioterapia
1.2.1.1.1. Compuestos de platino (Cisplatino, carboplatino,

oxaliplatino)

El cisplatino (Cis-diaminodicloroplatino o CDDP) es un agente pseudo-alquilante,
uniéndose al ADN celular alterando la mitosis celular y en ultima instancia la
apoptosis. Ha sido empleado durante mas de cuatro décadas y su reaccion adversa
medicamentosa mas frecuente es la nefrotoxicidad, seguida de ototoxicidad y
neurotoxicidad. El cisplatino accede a las células del tubulo renal a través del
transportador de cationes organicos tipo 2 (OCT-2), localizado en la cara
basolateral, provocando la activacion de caspasas, toxicidad mitocondrial y estrés
oxidativo, que desencadenan la necrosis celular. Las consecuencias clinicas
directas son: descenso del flujo de perfusiéon renal y fracaso renal dosis-
dependiente con lesiones histopatologicas compatibles con necrosis tubular aguda
(NTA) y en menor frecuencia microangiopatia trombética (MAT), tubulopatia con
proteinuria e hipofosfatemia aislada, sindrome de Fanconi, diabetes insipida
nefrogénica, hiponatremia e hipomagnesemia en mas del 40% de los casos (la cual
puede persistir hasta seis afios después de la retirada del farmaco). Para prevenir
todos estos efectos secundarios se indica hidratacion intensiva con suero
fisiolégico, no estando demostrado el beneficio de la diuresis forzada con

furosemida.

Los farmacos de segunda y tercera generacion, como el carboplatino y oxaliplatino,
tienen muy baja afinidad por OCT-2 siendo muy pequefia su concentracion
intratubular y no presentan la molécula de cloro en posicién cis que confiere
toxicidad a la molécula*®. Como toxicidad renal destaca el fracaso renal agudo
(sobre todo en pacientes con hipoalbuminemia, ERC previa y uso concomitante de
nefrotéxicos como AINESs o contraste yodado)*!. La proteinuria puede aparecer tras

el uso de carboplatino®.
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1.2.1.1.2. Ifosfamida

La ifosfamida es un agente alquilante que penetra en las células del tubulo a través
de OCT2 y uno de sus metabolitos inactivos denominado cloroacetaldehido es
altamente nefrotdxico. La traduccioén clinica es fracaso renal agudo con lesiones
histopatolégicas de NTA, toxicidad tubular proximal (1%), sindrome de Fanconi,
diabetes insipida nefrogénica (<1%), acidosis tubular distal o proximal e
hiperfosfaturia aislada (20%)*2. A largo plazo los pacientes que han presentado una
tubulopatia se ha objetivado un descenso del FG a los 5 afios de 20ml/min

aproximadamente*3,

Los factores de riesgo para nefrotoxicidad son: la exposicion previa a cisplatino,
dosis acumulada elevada y ERC.

1.2.1.1.3. Pemetrexed

El pemetrexed es un agente antifolato e inhibe las enzimas del metabolismo de
purina y pirimidina que afectan a la sintesis de ADN. Se emplea en el tratamiento
de cancer de pulmon y mesotelioma pleural. Su excrecidn es renal y alcanza el 90%
en las primeras 24 horas. Se postula que penetra en el interior de la célula tubular
a través de la membrana basolateral y apical a través de transportares de folato.
Una vez dentro de la célula tubular se poliglutamina y en consecuencia no puede
abandonar la célula, aumentado su concentracion y toxicidad #°. La afectacion renal
es variada: FRA con dosis altas (proporcion muy variada segun las series, entre un
5-55%) con histopatologia de NTA*, tubulopatia préximal, sindrome de Fanconi y
diabetes insipida nefrogénica. Los factores de riesgo principales son la ERC basal
evitandose su uso con FG por debajo de 45ml/min. Se recomienda también evitar

AINEs los dias previos a su administracion si FG inferior a 80ml/min.



1.2.1.1.4. Metotrexato

El metotrexato es también un agente antifolato y su principal metabolito el 7-OH-
metotrexato llega al tubulo renal por filtracion a través del glomérulo y por secrecion
a través del tabulo proximal. El farmaco puede provocar vasoconstriccion de la
arteria aferente renal, constriccion del mesangio pero sobre todo una precipitacion
de cristales en forma de aguja en el tdbulo distal®>. Asi pues, las reacciones
adversas renales son: el descenso transitorio del FG (incidencia 2-12%) que suele
recuperarse ad integrum a las 6-8 semanas tras la retirada del farmaco y sindrome
de secrecion inadecuada de hormona antidiurética. Los sedimentos urinarios y
biopsias renales reportan formaciones anulares compuestas por cristales en forma
de aguja que se tifien de color amarillo o marrén en hematoxilina eosina y son

birrefringentes a la luz polarizada (Figura 7).

Figura 7. Cristales de metotrexato en sedimento urinario. Adaptado de Perazella. *8

Entre los factores de riesgo para la precipitacion de cristales que provocan la
obstruccion urinaria intratubular e inflamacion tubulointersticial destacan: dosis
altas endovenosas, deplecion de volumen, tercer espacio (ascitis, derrame pleural)
y presencia de orina acida. Para prevenir se recomienda hidratacion y sobre todo
alcalinizacion de la orina a pH superior a 7 (bicarbonato endovenoso,
acetazolamida), evitar algunos farmacos que disminuyen el aclaramiento de

metotrexato (AINESs, inhibidores de la bomba de protones (IBP), trimetoprima-
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cotrimoxazol o levetirazetam). En el caso de que el FRA esté establecido se ha
valorado la administracién de acido folinico y glucarpidasa®® en las primeras 48
horas (compuesto que escinde el metotrexato en metabolitos no citotoxicos) o
incluso hemodialisis de alto flujo. Esta ultima elimina del plasma el farmaco en un
76% pero con elevado riesgo de rebote inmediato debido a su alto volumen de

distribucion y unién a proteinas plasmaticas alrededor del 58%.

1.2.1.1.5. Gemcitabina

La gemcitabina es un antimetabolito de la pirimidina y evita la correcta sintesis de
ADN en las células tumorales. Se emplea en cancer de pancreas, pulmon no célula
pequefia, mama, vejiga y ovario. La toxicidad renal a través del dafio endotelial
promueve la MAT y es poco frecuente (incidencia entre un 0,4-4%)%.
Habitualmente acontece tras 6-12 meses del inicio del tratamiento, es dosis
dependiente y la evolucién clinica es desfavorable e irreversible con una mortalidad
de hasta el 75% a los 4 meses?*8. Segun una serie de 120 casos reportados de MAT
por gemcitabina en Francia (1998-2015) casi el 30% requirieron de terapia renal
sustitutiva a pesar de multiples tratamientos (recambio plasméatico en el 27%,
infusién de plasma fresco congelado en el 21,4%, corticosteroides en el 15,3% y

eculizumab en el 5,1%)%°.



1.2.1.2. Terapias especificas

Las terapias dirigidas son farmacos o sustancias que bloquean el crecimiento y
diseminacién neoplasica al interferir en dianas moleculares, primando el caracter
citostatico al citotoxico. En este grupo de farmacos quedan englobados multitud de
mecanismos de accion: terapias hormonales, inhibidores de transduccién de
sefales, moduladores de la expresion de genes, induccion de la apoptosis, inhibidor

de la angiogénesis, vacunas y terapia génica.

1.2.1.2.1. Inhibidores de BRAF (Dabrafenib, Vemurafenib) y MEK

(Trametinib, Binimetinib)

La molécula proto-oncogén B raf (BRAF) y mitogen-activated protein kinase (MEK)
son un tipo de quinasa activadas por mitdgenos (MAPK-Mitogen Activated Protein
Kinase) cuya desregulaciéon implica progresién tumoral. Se ha demostrado que la
molécula BRAF esta expresada y localizada en podocitos, si bien su inhibicion tiene
consecuencias directas a nivel del compartimento tubulointersticial. La lesion
intersticial aparece en los primeros meses de inicio de tratamiento con
histopatologia compatible con NIA o NTA®C. Se puede asociar sindrome de Fanconi
y proteinuria en rango subnefrético. En cuando a la posibilidad de FRA dependera
del tipo de farmaco empleado y su incidencia varia desde un 25 al 60%°!, siendo
mas frecuente con el uso de Vemurafenib. Curiosamente se han reportado casos
aislados de glomerulonefritis pauciinmunes y vasculitis granulomatosa,
afirmandose que estos farmacos se pueden comportar como gatillo para algunas

patologias autoinmunitarias®? .
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1.2.1.2.2. Anti VEGF e Inhibidores de la Tirosin Quinasa

asociados a los receptores de VEGF

El factor de crecimiento endotelial vascular (Vascular Endothelial Growth Factor,
VEGF), responsable de la angiogénesis tumoral, es una molécula formada por tres
glicoproteinas a través de las cuales y mediante enzimas tirosin quinasa en la parte
intracelular desarrolla su accién4.
Hay cuatro formas de inhibir el VEGF (Figura 8):

1) Anticuerpos anti VEGF (Bevacizumab)

2) Anticuerpos contra el receptor de VEGF (Ramucirumab)

3) Inhibicion de VEGF mediante receptores solubles (Aflibercept)

4) Inhibicion de la tirosin quinasa asociada al receptor de VEGF (Sunitinib,

Sorafenib, Pazopanib, Axitinib, Regorafenib, Cabozantinib, Lenvatinib)

(iivecent]

N Inhibicién de VEGF

\: . * mediante receptores
e ot

. A Anticuerpo contra el receptor VEGF
Anticuerpo anti VEGF
é — A

/bO%\i\
Q > GRPRRRPRRPR QQQQQQQQQQQE} Q

Sunitinib Gfi . ]
Sorafenib 0O (] I_
Pazopanib \ /
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Regorafenib '

Cabozantinib . 5, pa—
L inib Inhibicién de la tirosin quinasa
envatini asociada al receptor de VEGF

Figura 8: VEGF y farmacos implicados en su inhibicion. Adaptado de Mk Chan y cols. 53



El VEGF es secretado por los podocitos y juega un papel fundamental en la
comunicacién podocito-endotelio glomerular. La consecuencia de su bloqueo
implica disfuncidon endotelial y desregulacion de la funcion podocitaria. Su toxicidad
renal es dosis dependiente. En primer lugar, la hipertension arterial ocurre en el 16-
43% de los casos y es secundaria a la desregulacion de la enzima éxido nitrico
sintasa. Los factores de riesgo para esta complicacion son: historia previa de
hipertension arterial, nUmero de farmacos anti VEGF recibidos previamente, tipo de
tumor (es mas frecuente en el cancer renal metastdsico), ERC o nefrectomia
previa®*. Curiosamente el aumento de presién arterial indicaria un bloqueo mas
completo del VEGF y por tanto una mejor respuesta antitumoral®®>. En segundo
lugar, la proteinuria, que suele ser inferior a dos gramos esta presente en el 63%
de casos. La delecién VEGF disminuye la expresién de nefrina'y en menor medida
de podocina y sinaptopodina®®. Por ultimo, el fracaso renal agudo es muy poco
frecuente.

Las biopsias renales de pacientes con complicaciones renales bajo esta terapia
muestran como lesion mas significativa la MAT. En la mayoria de los casos hay
poca expresion periférica, pudiendo estar esta incidencia infraestimada en ausencia
de biopsia renal. Ademas de la MAT existe una gran variedad de patologia
glomerular asociada a estos farmacos como son la glomerulonefritis focal y
segmentaria (GNFyS), glomerulonefritis (GN) por inmunocomplejos, cambios
minimos o nefropatia membranosa. Esta gran diversidad sugiere que es la lesion
del podocito al bloguear el VEGF lo que podria exponer distintos antigenos al
torrente sanguineo favoreciendo la expresion sintoméatica de lesiones previas

subclinicas®’.

1.2.1.2.3. Inhibidores de ALK (Crizotinib, Ceritinib, Alectinib,
Brigatinib)

La proteina anaplastic lymphoma kinase (ALK) es una proteina transmembrana que
con su activacion promueve la supervivencia celular e inhibe la apoptosis. Uno de
los efectos secundarios principales desde un punto de vista nefroldgico, favorecidos

por una lesién tubular directa son: disminucién de la secrecién tubular de creatinina

43



44

disminuyendo el FG estimado a través de ecuaciones. Esta complicacion esta
presente en el 23-58% de los pacientes a las doce semanas de iniciar el
tratamiento. Otro efecto secundario es la formacion de lesiones quisticas complejas
hasta en el 10% de los casos a los 6 meses, sin repercusion clinica aparente. Cabe
tener en cuenta el diagnostico diferencial de lesion maligna concomitante. Se han
descrito casos en la literatura de lesiones renales complejas con Crizotinib que
desaparecen después de dos meses del cambio a Alectinib®®. También puede
producir hipofosfatemia (36%) y edema periférico (15-49%). La patologia renal
biopsiada mas frecuente en este perfil de paciente es la NIA y la NTA%459,

1.2.1.2.4. Inhibidores EGFR

El epidermal growth factor receptor (EGFR) es un receptor celular con actividad
tirosina quinasa que esta sobreexpresado en células tumorales aumentado asi la
sensibilidad a sus ligandos e induciendo la proliferacién tumoral. Se puede inhibir

mediante anticuerpos monoclonales anti EGFR (Cetuximab, Panitumumab) o a

través de moléculas inhibidoras de tirosina quinasa del EGFR (TKI-ETFR: Erlotinib

Gefitinib, Afatinib, Osimertinib). Su principal indicacién es el cancer de pulmén de

célula no pequefia con mutacién activadora de EGFR. Desde el punto de vista
nefrolégico estos farmacos se han asociado a alteraciones hidroelectroliticas como
la hipomagnesemia por aumento de secrecion renal de este cation en el 5-24% de
los pacientes®, hipopotasemia e hipofosfatemia. En la literatura hay un caso
descrito de Glomerulonefritis IgA (GN IgA)®! y varios sindrome nefrético asociado a

Cetuximah52:63,



1.2.1.2.5. Inhibidores de proteinas cinasas dependiente de
ciclina 4/6 e inhibidores de la polimerasa ADP-ribosa

Las ciclinas, que son proteinas reguladoras de las distintas fases del ciclo celular,
reciben una denominacién distinta segun en la fase donde acttan: G1 (D1, D2, D3
y D4), ciclinas de fase S (A y B) y mitéticas (A y B). Se unen a quinasas
dependientes de ciclinas (CKD) y activan la fosforilacién de cascadas intracelulares
que en Ultima instancia promueven la sintesis de ADN y replicacion celular. Asi
pues, la sobreexpresién de ciclina D formara complejos activos con CKD 4/6 que a
su vez fosforilan la proteina del retinoblastoma inactivandola y por tanto

promoviendo el paso de G1 a S. Estos farmacos (Palbociclib, Ribociclib vy

Abemaciclib) se emplean en el cancer de mama metastasico o localmente
avanzado en combinacion con tratamiento hormonal, el cual de manera indirecta
reduce los niveles de ciclina D1. Los efectos renales descritos son el aumento
reversible de la creatinina sérica (entre un 14 al 40%) respecto su nivel basal debido
a la inhibicion de transportadores renales sin afectar al FG medido ni alteraciones

en biomarcadores de dafio renal®.

Por otro lado, los farmacos inhibidores de la enzima poli ADP-ribosa polimerasa

(Olaparib, Niraparib, Rucaparib, Talazoparib), indicados en el cancer de ovario,

mama y pancreas, impiden la reparacién de la rotura de cadena Unica del ADN,
dificultando asi la proliferacion celular y promoviendo la apoptosis sobre todo en
células que asocian déficit de recombinacion homaéloga (un sistema de reparacion
de la doble hélice de ADN). Desde el punto de vista renal, a pesar de que no
comparten mismo mecanismo de accion también presentan aumento de creatinina
sérica en un 14% sin afectar al FG medido recomendando el uso de ecuaciones
basadas con cistatina C%. Otro efecto renal, sobre todo relacionado con el uso de
Niraparib, es la hipertension arterial secundaria a la recaptacion de dopamina,

norepinefrina y serotonina®®.
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1.2.1.2.6. BCR-ABL TKls

La leucemia mieloide cronica BCR-ABL-1 positiva es una neoplasia
mieloproliferativa que se caracteriza por la translocacion t(9;22) (9q34) que resulta
en la formacién del cromosoma Philadelphia, que contiene el gen de fusion BCR-
ABL-1 y que produce una proteina tirosina cinasa responsable de la reproduccion
descontrolada de estas células patégenas. Como tratamiento de primera linea se
emplean inhibidores de esta tirosina cinasa patdégena, denominados imatinib,
dasatinib, nilotinib y ponatinib. Como efecto secundario renal destaca el fracaso
renal agudo en el 7% de los casos y progresion a ERC en estrecha relacion con el

tiempo de duracion del tratamiento®’. La histopatologia reportada en NTA®2,

1.2.1.2.7. Inhibidores del proteasoma

El proteasoma es un complejo proteico responsable de la degradacion de proteinas
celulares no necesarias o dafiadas. Su inhibicion mediante los farmacos
bortezomib, carfilozomib e ixazomib® se emplea en el tratamiento del mieloma
multiple y el linfoma de células del manto. Su toxicidad renal se asocia al sindrome
de lisis tumoral, dafio endotelial y podocitopatia. Asi pues, las consecuencias
clinicas son MAT (la cual es mas frecuente con carfilozomib® y dosis altas’),
proteinuria y fracaso renal agudo’!. Se han documentados casos mediante biopsia
renal de GNFyS y NIA72.



1.2.1.3. Otros

1.2.1.3.1. Bifosfonatos (Pamidronato, acido zolendrénico)

Los bifosfonatos penetran en el interior del osteoclasto inhibiendo la funcionalidad
del citoesqueleto. Efectos similares podrian producirse a nivel de los podocitos,
pues en el caso del pamidronato se ha objetivado un descenso en la expresion de
la sinaptopodina lo cual sugiere toxicidad podocitaria directa y provoca lesiones
histopatolégicas de GNFyS y cambios minimos’3. La experiencia clinica publicada
con pamidronato propone que la GNFyS colapsante se relaciona con dosis que
superan las recomendadas y solo el 50% de los casos presentan mejoria de la
funcién renal después de la retirada del farmaco, sin lograr ningun paciente su
funcién renal basal”®. Por otro lado, el &cido zolendrénico afectaria Unicamente a

los tubulos renales y la lesion renal méas frecuente seria NTA.

1.2.1.3.2. Inhibidores mTOR

El uso de los farmacos inhibidores de mTOR en oncologia se debe a que impide la
traduccion de ARN mensajero de la ciclina D1 impidiendo el crecimiento de las
células tumorales. Everélimus y Sir6limus se emplean en el tratamiento del cancer
de mama, neuroendocrino y renal, entre otros. La complicacién renal mas frecuente
es la proteinuria con una incidencia entre el 3-36%’4. De manera singular se ha
descrito sindrome nefrético en el 2% de los casos con histologia compatible con

GNFyS y patron membranoproliferativo.
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1.2.1.3.3. Farmacos anticalcineurinicos

El tacrélimus y la ciclosporina se emplean, ademas de como agentes
inmunosupresores en trasplante renal, en el trasplante alogénico de células
hematopoyéticas. Su principal efecto adverso radica en la vasoconstriccion de la
arteriola aferente glomerular con moderada compensacion de la arteriola eferente,
toxicidad tubular y dafio endotelial. En ocasiones causan MAT con 0 sin expresion

periférica®.



1.2.2. Inmunoterapia

La historia de la inmunoterapia se remonta al siglo XIX, cuando en 1863 Virchow
describio la infiltracion de células inmunitarias en los tumores y posteriormente el
Dr. Coley empled la infeccion controlada por algunas bacterias para estimular el
sistema inmune y combatir asi el cancer. En las siguientes décadas del siglo XX,
se empled el BCG (bacilo de Calmette-Guérin) para el tumor vesical (1976), el uso
de interferén alfa y factor de necrosis tumoral para melanoma (1985 y 1992), en
2010 la vacuna sipuleucel-T para cancer de préstata y finalmente en 2011 se
aprobo por la FDA (Food and Drug Administration) el uso de Ipilimumab para
melanoma’®. En 2013, la revista Science escogi6 la inmunoterapia oncol6gica como
el hito mas importante de ese afio’®. En 2018 James Allison y Tasuku Honjo
ganaron el premio Nobel de Medicina en relacion con sus descubrimientos en el
campo de la inmunoterapia. Desde ese momento hasta hoy en dia, con la aparicion
de mas “Inhibidores del punto de control (IPC)” (checkpoint inhibitors en inglés)
(Tabla 2), el pronéstico de muchos pacientes con determinados tipos de cancer se
ha incrementado de manera sustancial’’. En el momento de publicaciéon de esta
tesis doctoral, el uso de IPC se ha aprobado en 17 tipos de neoplasias y se estima
qgue uno de cada tres pacientes con cancer se beneficiaria de este tipo de

tratamiento’s.

Tabla 2: Inhibidores del Checkpoint o anticuerpos monoclonales inhibidores de los puntos de control.
Resaltados en negrita los farmacos aprobados por la FDA.

Anti PD-1 Anti PD-L1 Anti CTLA-4

Pembrolizumab

Nivolumab Atezolizumab

o Ipilimumab
Cemiplimab Durvalumab _
Tremelimumab
Dostarlimab Avelumab
Tislelizumab

Anti PD-1: Anti-programmed Death-1
Anti PD-L1: Anti-programmed Death-ligand 1
Anti CTLA-4: Cytotoxic T-Lymphocyte associated protein 4
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Si bien existen varios tipos de farmacos que promueven la actividad antitumoral del
sistema inmunitario (vacunas, anticuerpos monoclonales, terapia de células T con
receptores quiméricos de antigenos (CAR-T), virus oncoliticos...), en este apartado

se hara referencia a los inhibidores del punto de control.

1.2.2.1. Mecanismos de acciéon de los farmacos inhibidores de

los puntos de control

El sistema inmunitario es capaz de combatir el cAncer a través de tres mecanismos:

a) Supresion de virus causantes de tumores (virus papiloma humano, virus
Hepatitis B)

b) Evitar el estado de inflamacién crénica que favoreceria el desarrollo y
progresion del cancer (Ejemplo: Infeccion por Helicobacter pylori o Virus de
Epstein-Barr)

c) Reconocimiento de los antigenos tumorales, desencadenando la respuesta

antitumoral sobre todo a través de los linfocitos T.

El ciclo cancer-inmunidad se inicia en el propio tumor con la liberacion de

neoantigenos, capturados por las células presentadoras de antigenos (CPA) y
presentados posteriormente a los linfocitos T a través del complejo mayor de
histocompatibilidad (CMH) tipo | o tipo Il. Esta presentaciébn acontece en los
ganglios linfaticos y en un microambiente de citocinas que impide la tolerancia
periférica a dichos antigenos. Con la activacioén de la respuesta T efectora, estos
linfocitos infiltraran el lecho tumoral y destruiran las células cancerosas, liberando
nuevos neoantigenos y perpetuandose asi el ciclo”™ (Figura 9). En cada uno de los
puntos anteriores existen multitud de factores reguladores, unos de naturaleza
activadora y otros inhibitoria (CTLA-4/B7, PD-L1/PD-1, LAG-3, TIM-3/fosfolipidos,
VISTA, B7-H3, TIGIT®8L ), promoviendo y reduciendo la inmunidad
respectivamente con el objetivo de lograr un equilibrio. Asi pues, las proteinas del

punto de control inmunitario CTLA-4 estan presentes en los linfocitos T CD4+ y

CD8+ e interactuan con las CPA en los érganos linfoides. Por otro lado, las

proteinas de punto de control PD-L1 estan presentes en las células tumorales y




otros tipos celulares sanos del organismo como las células del segmento proximal

del tibulo renal®?y la proteina PD-1 se encuentra en multitud de células del sistema

inmune (linfocito T, linfocito B y Natural Killer) que ejercen su accion en el propio

lecho del tumor.

En ocasiones, las células tumorales pueden escapar de la vigilancia inmunolégica
de nuestro organismo, que no logra detectar correctamente los antigenos tumorales
por distintos motivos: activacién de tolerancia periférica de los neoantigenos y
activacion de respuesta T reguladora en vez de efectora, ausencia de infiltracion de
linfocitos T en la masa tumoral o factores del microambiente tumorales que inhiben

la respuesta T efectora.

@ Transportede linfocitos T a tumores
Activacién de 99 ’\
y 9
® Infiltracién de linfocitos T

linfocitos Ty CPA

Nédulo Ve
linfatico SanEuines

m dentro de los tumores

Tumor

Presentacién del antigeno

, ®)
de cancera CPA

(6) Reconocimientode
células cancerosas

por linfocitos T

,:“ u Destruccion de
; o ; ; v células cancerosas
Liberacion de antigenos de células cancerosas
(muerte de células cancerosas)

Figura 9. Ciclo cancer-inmunidad. Adaptado de M.Kudo 8. CPA: Célula presentadora de antigeno.
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En condiciones normales, para la regulacion de las células T se requieren de dos

sefales (Figura 10).

Primera sefial: presentacion del antigeno a través de la interaccion entre el

complejo mayor de histocompatibilidad de la CPA y el receptor de célula T (TCR).

Segunda sefial o sefial coestimuladora: es la responsable de imprimir el caracter

inhibidor o activador al linfocito T, puesto que de manera fisioldgica es necesario
que la proliferacion del linfocito T no sea perpetua. En el caso de interaccion entre
CD80/86 (B7.1/B7.2) y CTLA-4 entre CPA-linfocito T la respuesta es inhibidora,
mientras que si interaccionan CD80/86 (B7.1/B7.2) con CD28 es activadora. En el
caso del receptor PD-L1 (B7H1) de la célula tumoral, no se conoce el tipo de
receptor en la célula T con el que interacciona para ejercer una funcion activadora
del sistema inmune, pero cuando se produce la comunicaciéon entre PD-L1 y PD-1

la respuesta es supresora’”.

Asi pues, el mecanismo de accién de los farmacos inhibidores del punto de control
es la de bloquear la interaccion entre las proteinas responsables de la segunda
sefial coestimuladora que imprimen un carécter inhibidor al linfocito T (bloqueando
las proteinas CTLA-4, PD-1 o PD-L1) y en consecuencia se favorece la activacion

de linfocitos T.

Nodulo linfatico Microambiente tumoral

Célula cancerosa Linfocito T activado

Linfocito T en reposo
Célula dendritica

El anticuerpo anti-PD-1 bloquea la
union entre PD-1 y PD-L1 evitando

El anti-CTLA-4 bloquea la uniéon R 5
4 la desactivacién de las células T.

de CTLA-4 con CD80/86
permitiendo la activacion de la
célulaT.

Figura 10. Mecanismo de accién de los farmacos inhibidores de punto de control. Adaptado y traducido de
Perazellay cols. 8,



1.2.2.2. Toxicidad sistémica

Tanto la eficacia como la toxicidad de los farmacos inhibidores del punto de control
son consecuencia de la estimulacion del sistema inmunitario. Si bien lo deseable
es que los linfocitos T se activen contra las células tumorales, puede ocurrir que lo
hagan sobre células sanas propias, generandose asi autoinmunidad, denominada
“efecto adverso relacionado con la inmunoterapia (IRAE- immune-related adverse

events)”.

Los dérganos que se ven afectados con mas frecuencia son la piel, mucosa
gastrointestinal, higado, glandulas endocrinas y tracto respiratorio, si bien cualquier
érgano puede verse implicado®. La incidencia de iRAEs es del 59-85%, siendo mas
frecuente en biterapia (uso de dos inhibidores de punto de control)8:8’, La terapia
con anti-CTLA-4 suele conllevar efectos secundarios mas graves®® y los érganos
afectados con mayor frecuencia son el colon y la hipdfisis. Por otro lado, la
neumonitis, diabetes y la tiroiditis predominan en los pacientes que reciben terapia
anti PD-1 o anti PD-L18°. La mayor incidencia de iRAEs graves se produce cuando
se asocia Anti-CTLA-4 con Anti-PD-1/Anti-PD-L1%° y el ratio de fatalidad varia en
funcién del 6rgano afectado, siendo de aproximadamente el 39% en caso de
miocarditis y el 5% en las colitis®. De manera general, las iRAEs ocurren entre las
primeras semanas y los tres meses del inicio del tratamiento, aunque hay casos
documentados de hasta un afio después de la discontinuacion del farmaco®!. Entre
los factores de riesgo destacan: antecedentes familiares o personales de
enfermedad autoinmune, trasplantados de 6rgano solido o hematoldgico, infeccién

viral crénica, disfuncién crénica de algin 6rgano y edad avanzada®?,

Los mecanismos precisos por los que se producen los IRAEs no se conocen por
completo, pero se trata de eventos fundamentalmente mediados por células T
activadas®® de manera congruente con su mecanismo de accién, y en menor
medida por la inmunidad humoral®4%, citocinas®:°7 (IL-17, IL-6, IL-10, IL-1 B, IL-2y
factor estimulante de colonias de granulocitos), factores genéticos® y alteraciones

de la microbiota intestinal®®.

El tratamiento de los IRAEs se basa en retrasar el siguiente ciclo de inhibidores del

punto de control, administrar farmacos inmunosupresores, o ambas medidas. Si
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bien la primera linea de tratamiento se basa habitualmente en el uso de
corticosteroides, en los ultimos afios se ha desarrollado un amplio abanico de
opciones (anti TNF-alfa/Infliximab, anti-a4B7/Vedolizumab, anti IL-6/Tocilizumab,
micofenolato mofetilo, inmunoglobulinas, plasmaféresis)i®. Es llamativa la falta de
estudios prospectivos acerca del tratamiento de estas complicaciones, que se prevée
ird en aumento en el futuro al ampliarse cada vez mas el uso de estas terapias. Una
vez resuelto el episodio, se debe valorar los riesgos y beneficios de reintroducir el
farmaco, lo cual dependera de la severidad del evento, las alternativas disponibles
de tratamientos y el estado general de la enfermedad oncoldgica.

1.2.2.3. Toxicidad renal
1.2.2.3.1. Epidemiologia

Segun los estudios clinicos fase Il y Il publicados entre 2010 y 2015 del uso de
ipilimumab, nivolumab, pembrolizumab, ipilimumab + nivolumab y atezolizumab, la

incidencia de la toxicidad renal _es relativamente baja y se sitia en torno al O -

5,1%. En los mismos estudios y para elevacién de creatinina grado 3-4 segun
CTCAE (Common Terminology Criteria for Adverse Events, Grado 1. Evento
adverso leve, Grado 3: grave, Grado 4: riesgo de mortalidad o discapacidad y Grado
5. Muerte asociado a un evento adverso) la proporciébn es alun menor y esta
alrededor de 0-2%19%, La mayor proporcion de casos de toxicidad renal se observé
en los tratamientos combinados de dos farmacos inhibidores del punto de control
de manera simultanea o secuencial. Si bien es cierto que la toxicidad renal es
inferior respecto a la de otros 6rganos, es posible que su incidencia haya sido
infraestimada. Los estudios observaciones de vida real han reportado cifras de

efectos adversos inmunomediados renales graves de alrededor del 1,4-4,5%102-105,



Se han postulado varias hipotesis que explican el mecanismo de accién del dafio

renal inmunomediado:

a) Generacion de anticuerpos dirigidos contra autoantigenos renales®%106.107,
Las células T autorreactivas podrian activar células B que sintetizarian auto-
anticuerpos pudiendo explicar los casos menos frecuentes de
glomerulopatia asociada a los inhibidores del punto de control como la
nefropatia lupus like!?” o nefropatia membranosal®. Los ratones knockout
PD-1 desarrollan de manera espontanea lesiones renales similares al
lupus109.110,

b) Dario renal mediado por citocinas secundarias a la activacion de células T0L.

c) Formacion de células T nuevas o reactivadas contra antigenos tumorales
que reaccionan de forma cruzada con tejido renal fuera del
ObjetiV084’lll’112’113.

d) Pérdida de tolerancia de las células T estimuladas previamente por otros
farmacos que también inducirian nefritis intersticial aguda (inhibidores de la
bomba de protones, AINEs...)?4114 Se postula que la introduccién de un
inhibidor del punto de control seria un "second hit” que provocaria el dafio
renallls.

e) Posibilidad de enfermedad autoinmune subclinica pre-existente!?®.

1.2.2.3.2. Tipos de lesion renal

La lesion renal mas frecuente en los pacientes oncoldgicos bajo tratamiento con
inmunoterapia es el fracaso renal agudo. Segun la cohorte reportada por
Seethapathy (n=1.016 pacientes de 2011 a 2016) el 17% presentaron FRA y el 8%
del total de la cohorte un FRA de mas de 48 horas de duraciont'’. En los casos de
“FRA sostenido” (n=110) el 37% se asocio a la inmunoterapia (por biopsia renal o
por ausencia de otra causa que lo justificase), el 52% de causa hemodinamica, el

8% indeterminada y el 3% FRA obstructivo.
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La lesion renal objetivada mediante biopsia renal mas frecuente es la nefritis
intersticial aguda (entre el 80-949%103105118-121y  con o sin granulomas
asociados!03104122 y en el 3-8%!1%12! enfermedad glomerular (donde se incluye
vasculitis  pauciinmune!®123  podocitopatias'?#125, glomerulonefritis C325,
glomerulonefritis membranoproliferativa?’, MAT%3, GN IgA'?812° y |upus-like
glomerulonefritist®’) entre otras. Cuando se ha reportado glomerulopatia en la
biopsia renal hay asociado hasta en un 41% de casos NIA3; también existe

presencia concomitante (overlap) entre NTA 'y NIA en el 29-43%121.131,

Gupta y cols.'*® en un estudio multicéntrico (n=848 entre 2012-2020), donde se
incluyeron pacientes del Hospital Universitario Vall d’Hebron, y que cuenta con el
mayor numero de FRA con biopsia renal documentada (151 biopsias de las que el
82,7% fueron NIA), documento6 que la latencia media entre el inicio del tratamiento
y el diagnéstico de nefritis intersticial aguda fue de 16 semanas (8-32), pero
sorprendentemente en el 11,4% fue de un afio después del inicio del farmaco. La
hematuria estaba presente en casi el 40% de los pacientes, piuria en 56,2%,
eosinofilia sanguinea en el 16,5% y cociente Port/Cr mayor de 300mg/g en casi el
60%. Un trabajo colaborativo entre Hospital de Bellvitge y Vall d’Hebron ha
estudiado las caracteristicas clinicas de la NIA secundaria a inmunoterapia y la NIA
secundaria a otros farmacos (NIA-clasica), encontrando diferencias significativas
en varios aspectos: la latencia desde el inicio del farmaco y el fracaso renal es
mayor en el caso de la NIA-inmunoterapia (197 dias versus 168), la creatinina pico
es menor en el caso de la inmunoterapia (Cr 3,8mg/dL vs. 5,98mg/dL) y la

recuperacion de la funcién renal es mas lenta en el caso de la NIA-inmunotearpial®?.

En cuanto a las glomerulopatias mas frecuentemente descritas, estan las

vasculitis pauciinmunes (26,7%), podocitopatias (24%) y glomerulonefritis C3
(11,1%) segun el trabajo de Kitchlu y cols. (n=45)*° en donde el 25% de los
pacientes requirieron terapia renal sustitutiva. El tiempo medio de diagndstico en
estos casos fue de tres meses después del inicio del tratamiento con inmunoterapia,
aungue también hay casos descritos varios meses o incluso un afio después de su
discontinuacion, probablemente debido a la dificultad del diagnostico de esta
patologia'®3. Segun los reportes de casos, las glomerulopatias podrian ser mas

frecuentes en mujeres y en pacientes bajo tratamiento con anti CTLA-41%,



Otro tipo de afectacion renal secundaria a la inmunoterapia son las alteraciones

hidroelectroliticas, donde la mas frecuente es la hiponatremia, hipopotasemia, la

hipercalcemia y la acidosis tubular renal distal'**. Seethapathy y cols., en una serie
retrospectiva de 2.458 pacientes que estaban bajo tratamiento con inmunoterapia,
el 63% de ellos presentaron hiponatremia durante el primer afio y la principal causa
fue el sindrome de secrecion inadecuada de hormona antidiurética (SIADH), siendo
anecdotica (0,3%) la causa endocrinoldgical3®. Se objetivé como factor de riesgo

asociado el uso de anti CTLA-4 y de diurético.

Mencién aparte merece la toxicidad renal en el caso de los pacientes trasplantados
renales. Presentan una alta tasa de rechazo del injerto (42-67%)*36:137 que podria
estar relacionado con los cambios y/o minimizaciébn de inmunosupresion al
diagndstico de la neoplasia, a los propios inhibidores de los puntos de control o la
suma de ambos aspectos. En el estudio multicéntrico internacional, donde participa
Vall d’'Hebron, se estudiaron un total de 69 pacientes trasplantados renales con
cancer de piel melanomay escamoso y se objetivo una tasa de rechazo del 42% a
los 24 dias del inicio de la inmunoterapia y de ellos el 65% requirié de hemodialisis
crénical®®. El riesgo de rechazo fue inferior entre los pacientes que empleaban
inhibidores de MTOR o triple terapia inmunosupresora. El primer estudio
prospectivo, fase I, multicéntrico en pacientes trasplantados renales tratados con
nivolumab (n=17), a los que se mantuvo su tratamiento inmunosupresor habitual,
ha objetivado una ausencia en la reduccion de la respuesta antitumoral y un menor

riesgo de rechazo del injerto (solo un 12%)*38,

57



58

1.2.2.3.3. Diagnoéstico

Para la correcta valoracion de la toxicidad renal en el paciente oncolégico se
requiere de una historia clinica detallada con especial interés en los farmacos
empleados en lineas de tratamiento previas, identificacion de nefrotoxicos vy
posibles IRAEs asociadas, prueba de imagen para descartar procesos obstructivos
y sedimento urinario con proteinuria. El siguiente paso es la valoracion de la
indicaciéon de la biopsia renal, “Gold standard” diagnostico y pronostico de

enfermedad renal.

Segun la American Society of Clinical Oncology (ASCO)**° del 2021, estéa indicada

la biopsia renal en caso de que el FRA sea refractario al tratamiento con

corticosteroides. Desde el punto de vista nefroldgico, tras la reunién de expertos de
la Kidney disease improving global outcomes (KDIGO) en 201849, |a biopsia renal
se indicaria con proteinuria mayor de 1 gramo o deterioro de la funcion renal
siempre que el diagnéstico no pueda establecerse por otros medios y pueda
implicar un cambio en el manejo terapéutico del paciente. Posteriormente, estas
indicaciones se han ido ampliando con los nuevos datos publicados en la literatura
cientifica, como por ejemplo en caso de proteinuria mayor de 3 gramos, hematuria,
oliguria, respuesta subdptima a tratamiento con corticosteroides y en definitiva,
cuando hay dos o mas alterativas que puedan justificar el fracaso renal en el
paciente oncoldgico que ha recibido inhibidores del punto de control**-143, Sin
embargo, en el momento actual no existe un consenso claro en la préactica clinica
habitual. Asi pues, puede haber pacientes en los que la biopsia renal no seria
imprescindible y se podria optar por tratamiento con corticoesteroides empirico:
monorrenos, con coagulopatia o personas fragiles en tratamiento paliativo. La
biopsia renal permite asegurar el diagnostico de toxicidad renal e identificar los
casos de NTA que no se beneficiaran de tratamiento inmunosupresor y retraso en

la administracion de tratamiento oncologico dirigido.

Actualmente se estan desarrollando nuevos biomarcadores que podrian ayudar en
el diagnostico y diferenciacion de la NIA y la NTA, asi como la monitorizacion
posterior a una toxicidad renal, permitiendo detectar de manera temprana posibles

recaidas. Entre ellos se ha propuesto la IL-17, sCD 163 (receptor soluble expresado



en macrofagos M2), IL-6 y niveles elevados en sangre de lactato
deshidrogenasa'!4. El trabajo prospectivo realizado por Moledina y cols. de 218
pacientes, se observo que en la NIA los niveles urinarios de factor de necrosis
tumoral alfa (TNF-a) e IL-9 estdn aumentados respecto a otros grupos de pacientes
con diagnoésticos de NTA, nefropatia diabética u otras glomerulopatias'4*. Por otro
lado, el predominio de macréfagos M1 en orina se asocia con NIA mientras que Si
son M2 orientaria mas a patologia glomerular'#®, El andlisis de citocinas urinarias
(I-TAC/CXCL11, CLXCL10, IL-6 y proteina quimiotactica de monocitos MCP-1) de
manera poco invasiva, podrian ayudar también a diferenciar la NIA de la necrosis
tubular aguda segun el trabajo de Valenzuela y cols.#®. Por (ltimo, el grupo de Isik
y cols. demostraron que los niveles de proteina C reactiva y el cociente de proteina
transportadora de retinol/creatinina urinaria podia ayudar a determinar si el FRA era

secundario a inmunoterapia o no*3L.

1.2.2.3.4. Tratamiento

Las guias clinicas de oncologia (ASCO-2021'% y National Comprehensive Cancer
Network NCCN-2019%47) se resumen en la tabla 3. En sintesis, el tratamiento esta
basado en la retirada del farmaco responsable e inicio de corticosteroides. En este
ambito no se dispone de ensayos clinicos aleatorizados que evallen la dosis y
duracibn de tratamiento inmunosupresor mas optimo, estando las

recomendaciones basadas en estudios retrospectivos y consenso de expertos.
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Tabla 3. Guias para el tratamiento de la toxicidad renal segin NCCN-2019 y ASCO. Traducido y adaptado de

Bermejo et al*®.

Condiciones

Clinicas

Manejo

Tratamiento

Casos Leves

Cr 1-1,5 X basal

Estopar ICP
Monitorizar FR 3-7

dias

Corregir deshidratacion, retirar

farmacos nefrotoxicos

Proteinuria
<1g/24h

Mantener ICP

Monitorizar

Casos Moderados

Cr 1,5-3 X basal

Estopar ICP.
Monitorizar FR 3-7
dias

Consultar nefrélogo +/- inicio
corticoterapia empirica (0,5-
1mg/Kg/24h)

Proteinuria 1-
3,5g9/24h

Valorar Biopsia
Renal
Retirada ICP si
biopsia
confirmatoria

Tratar la patologia renal

diagnosticada

Casos Graves
Biopsia renal.
Cr> 3 x basal o Cr _ o _ _
Retirada ICP Iniciar corticosteroides 1-2mg/Kg/24h
>4mg/dL
permanente
o Biopsia renal y )
Proteinuria _ Tratar la patologia renal
retirada ICP ) )
>3,5g/24h diagnosticada
permanente

Casos que amenazan la vida

Cr > 6 x basal o
requerimiento de
TRS

Biopsia renal
Retirada ICP

permanente

Bolus corticosteroides
Valorar otros inmunosupresores si no
respuesta (Micofenolato, azatioprina,

infliximab, ciclofosfamida)

ICP: Inhibidores del punto de control. FR: Funcion renal. TRS: Terapia renal sustitutiva




El prondstico en caso de NIA y rapida instauracion del tratamiento dirigido suele ser
bueno con tasas de recuperacion total o parcial que alcanzan el 64-85%?118119.121 5
las 7 semanas (3-10)'°. La frecuencia de presentar una recaida del iRAE sistémico
es entre el 28-55%14%149.150 mientras que el riesgo de presentar un fracaso renal

asociado a la reintroduccion de inmunoterapia es un poco menor, entre el 16,5-
25%118,119,131,151

El uso de corticosteroides se asocia a numerosos efectos adversos (hiperglicemia,
hemorragia gastrointestinal, miopatia) y un potencial impacto negativo sobre la
respuesta antitumoral. Por ejemplo, en el caso del cancer de pulmoén segudn un
estudio retrospectivo que incluyé a 649 pacientes, aquellos tratados con anti PD-1
y altas dosis de corticosteroides (mas de 10mg/dia prednisona) tienen peor
resultados en tiempo de progresion y supervivencia comparado con el grupo de
baja dosis de corticosteroides!®?. Un metaandlisis de 16 estudios con un total de
4.045 pacientes objetivd que los corticosteroides implicaban un mayor riesgo de
muerte y progresion de enfermedad si se empleaban como tratamiento de sintomas
relacionados con la enfermedad oncoldgica o metéstasis cerebrales, pero no
cuando se empleaban para tratar los efectos adversos inmunomediados de alto

grado®®s.

En otras iRAEs como enterocolitis, reacciones sarcoidosis-like y artritis severa se
ha empleado infliximab, un anti TNF-a. En el caso de la nefritis, hay un estudio
retrospectivo de diez casos clinicos en donde se empled infliximab en segunda
linea y ausencia de mejoria o remision parcial de la funcion renal. En dicho trabajo,
la duracion del deterioro de funcién renal y el grado de fibrosis en la biopsia renal
fueron los principales predictores de respuesta al tratamiento. Existe evidencia
limitada a reporte de casos clinicos sobre el uso de rituximab o plasmaféresis para
otros casos de toxicidad renal inmunomediada como vasculitis'05:154155 g nefropatia

membranosal®®,
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1.2.2.3.5. Relacion con el pronéstico oncoldgico

El hecho de que la sobreactivacion del sistema inmune sea beneficioso en términos
de respuesta antitumoral tiene plausibilidad fisiopatolégical®” y en los Ultimos afios
hay cada vez mas evidencia en que presentar un iRAE podria predecir un aumento
de la supervivencia en algunos tipos de neoplasia'®®. La aparicion de vitiligo
aumenta la supervivencia en pacientes con cancer melanoma'®® y los pacientes
que desarrollan tiroiditis después del tratamiento con anti PD-1 o anti PD-L1
también tienen mayor supervivencia respecto a los que no padecen este tipo de
efecto adverso inmunomediado'®®. En el caso de cancer de pulmdn no microcitico,
la mediana de supervivencia en los pacientes que habian sufrido algun tipo de iRAE
fue de 20,5 meses vs. 8,5 meses, independientemente del tipo de efecto
inmunomediado!®l. En esta misma linea, un metaanalisis que incluye a 9.152
pacientes ha objetivado que la presencia de efectos inmunomediados en piel y
glandulas endocrinas en los pacientes afectos de cancer de pulméon no de células
pequefias y melanoma, se asocié de manera robusta a mejoria en cuanto a
supervivencia global y tiempo libre de progresion de enfermedad'®2. Este mismo
trabajo destaca que dicho beneficio del efecto inmunomediado es mayor en
aguellos que reciben bloqueo del eje PD-L1 versus anti CTLA-4. Sin embargo, hay
ocasiones en los que la toxicidad no se resuelve por completo y puede impactar en
el prondstico del paciente.

Por ende, es importante poder diferenciar el FRA en el paciente oncolégico
secundario a inmunoterapia del que es por otros motivos, dadas las posibles
implicaciones puede conllevar en términos de mortalidad. Un estudio retrospectivo
de 2.563 pacientes que habian sobrevivido mas de un afio tras el inicio de
inmunoterapia demostré que el 13% de ellos presentaban descenso del FG mas
del 30% o necesidad de TRS a los 471 dias (304-782) tras el inicio del tratamiento,
siendo por tanto la incidencia de ERC de 6,34 casos por cada 100 pacientes-afo;
como factores de riesgo se identificaron la edad y los inhibidores de la bomba de
protones’®. Este trabajo objetivé una diferencia significativa entre el descenso del
FG 1,4ml/min/1.73m? por afio antes del inicio de ICP y de 3,7 ml/min/1.73m?

después. Sin embargo, un estudio retrospectivo de 292 pacientes con seguimiento



medio de 15 semanas comparé el FG entre pacientes que habian recibido
cisplatino, carboplatino e inmunoterapia en monoterapia sin diferencias

significativas entre ellos!63,

1.3. Relacion entre el cancer y el dafio renal

1.3.1. La enfermedad renal como proceso paraneoplasico

El concepto de sindrome paraneoplasico data de 1922 y esta basado en que las
manifestaciones clinicas de los pacientes no estan directamente relacionadas con
la carga tumoral, invasion o metastasis, sino que estan causadas por la secrecion
de ciertos productos por las células tumorales, como hormonas, factores de

crecimiento, citocinas o antigenos tumorales64165,

En 1966 se publica el primer caso clinico que relaciona la remision del sindrome
nefrético con la cirugia del cancer de colon que padecia el paciente, sugiriendo
como mecanismo fisiopatolégico el hecho de que las células cancerosas se
comportasen como un antigeno y la formacién de inmunocomplejos depositados en

la membrana basal glomerular causasen el dafio renal®.

En las Ultimas décadas, se han reportado numerosos casos de nefropatias
paraneoplasicas en la literatura cientifica, proponiéndose distintas hipotesis y
teorias. En general, su etiopatogenia depende, por un lado, del propio tumor sélido
(factores inmunoldgicos, depdsito de antigenos provenientes del tumor, anticuerpos
o inmunocomplejos, desregulacion del factor de crecimiento endotelial y MAT
asociada al cancer) y, por otro, de la propia terapia oncoldgica (nefrectomia,
guimioterapia, terapias dirigidas, inmunoterapia). Asimismo, la presencia de
albuminuria en la poblacion con cancer podria deberse a un fendmeno también
paraneoplasico y ser un reflejo del proceso inflamatorio sistémico de estos

pacientes o consecuencia del aumento sistémico de citocinas proinflamatorias®®.

Es dificil poder establecer la verdadera prevalencia de lesiones renales
paraneoplasicas debido a los numerosos sesgos de confusion como: a)

Caracteristicas demograficas de la poblacion donde ciertas glomerulopatias como
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la glomerulonefritis membranosa y el cancer acontecen en sujetos de mayor edad,
b) Sesgo de deteccion, puesto que en ciertas patologias renales se realiza un
screening mas agresivo en la busqueda de neoplasia oculta y c) el propio
tratamiento inmunosupresor de la enfermedad renal puede ser potencialmente

oncogénicol®’.

1.3.2. Histopatologia en el paciente con cancer

En el siglo XX, las biopsias renales realizadas en pacientes con cancer han sido
anecddticas en la practica clinica habitual, probablemente debido al limitado
pronéstico vital de estos enfermos. Sin embargo, con los nuevos avances en el
tratamiento del cancer y el aumento de supervivencia, ya se establecio en la reunion
de expertos en Onconefrologia (KDIGO 2020) la necesidad de ampliar el
conocimiento de las complicaciones renales en pacientes oncolégicos con la
generacion de biobancos internacionales'*, recomendandose la realizacién de

biopsia renal en estos pacientes.

Las lesiones histoldgicas en el paciente oncolégico pueden deberse a: patologia
previa a su enfermedad oncoldgica, fendbmeno paraneoplasico, secundaria a la
infiltracion del propio cancer en el rifibn incluida las metastasis
intraglomerulares!®16° y secundaria a los farmacos administrados para tratar el

cancer.

Por un lado, en cuanto a patologia paraneoplasica, la nefropatia membranosa ha
sido clasicamente la lesion renal asociada al cancer mas reportada en la literatura
cientifica, relacionandose sobre todo con la neoplasia de pulmén y gastrical’™. En
una serie de 240 pacientes con nefropatia membranosa, la prevalencia de
enfermedad oncoldgica durante el primer afio tras la biopsia renal fue del 10%
observandose una relacién directa entre la respuesta oncolégica y la proteinurial’?.
Otros ejemplos de asociacion entre neoplasia de 6érgano solido y nefropatia son: a)
timomay la nefropatia por cambios minimos que coexisten en el 2% de los casos?!’?,
b) GNFyS con el cancer renal y timoma, c) glomerulonefritis mesangioproliferativa

con neoplasia pulmonar, renal y de estémago’?, d) microangiopatia trombética con



tumores productores de mucina (el gastrico, pulmonar y mama 173). En cuanto a la
GN IgA, se asocio inicialmente en 1984 con el cancer de origen
otorrinolaringoldgico (mucosa bucal, tracto respiratorio superior y nasofaringeo)'’4,
pero en las Ultimas revisiones publicadas se ha establecido que el cancer mas
frecuentemente asociado es el renal'’.

65



66

Por otro lado, las lesiones renales secundarias a farmacos son también muy

variadas®> 4y se resumen en la Figura 11.

Patron glomerular

MAT: Compuestos de plating,
gemcitabina, mitomidna C, anti = o |
VEGF, TK inhibidores, interferdan, IPC

GMNFyS: TK inhibidores, interferdn
Cambios minimos: |PC

Mefritis Lupus- like: IPC

Vasculitisf/GN necrotizante: IPC

GN extracapilar pauciinmune
relacionada con ICP.
Flecha amarilla: semiluna.

Patrin tibulo-intersticial

NIA/NIC: Inhibidor TE, Inhibidar
BRAF, IPC

MNTA: compuestos de plating,
metotrexato, pemetrexed,
inhibidares TK, Inhibidores BRAF,
inhibidor BECR- Abl TE, CAR-T

Intersticial fibrosis y atrofia tubular:
pemetrexed

Nefropatia cristales: metotrexato

NIA relacionada con
Dabrafenib

Figura 11. Lesiones histopatoldgicas mas frecuentes asociadas a farmacos antineoplasicos. Adaptado y

traducido de Clara Garcia-Carro y cols.”™.

NTA: Necrosis tubular aguda. GNFyS: Glomerulonefritis Focal y Segmentaria. MAT: microangiopatia
trombética. NIA: Nefritis intersticial aguda. NIC: Nefritis intersticial cronica. IPC: Inhibidores puntos de control.
TK inhibidores: inhibidores de tirosin quinasa. Anti VEGF: anti factor de crecimiento endotelial vascular.
Inhibidor BRAF: inhibidor de la molécula proto-oncogen B raf. CAR-T: terapia de células T con receptores
quiméricos de antigenos. Inhibidores BCR-AbI: inhibidores gen de fusion BCR-Abl.



Asi pues, en la literatura cientifica existen pocos estudios sobre la afectacion renal
en la poblacibn con una neoplasia de 6rgano soélido activa o en tratamiento
oncoespecifico, bien sean pacientes con funcién renal previa normal, con
disfuncion renal conocida previa al tratamiento o portadores de un trasplante renal
funcionante. Conocer la etiologia del deterioro de la funcién renal en estos
pacientes, asi como su evolucién y tratamiento resulta cada vez mas importante,
puesto que la enfermedad neoplasica muestra una tendencia a la cronificacion vy,
en consecuencia, los pacientes con cancer presentan cada vez mas
comorbilidades. Entre estas comorbilidades la prevalencia de ERC con FG inferior
a 60ml/min alcanza el 20%. Sin duda, se requiere de una revision de la experiencia
acumulada en los ultimos afios para seguir avanzando en el conocimiento de la

compleja interrelacion entre cancer y enfermedad renal.
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2.HIPOTESIS
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Las hipotesis de este trabajo de investigacion son:

a) La afectacion renal en el cancer esta infradiagnosticada y sus causas son

b)

poco conocidas. Es posible que con los nuevos tratamientos oncoespecificos
actuales (inmunoterapia, terapias especificas) las lesiones renales
estudiadas mediante biopsia renal sean diferentes a las de la era de la

quimioterapia.

El diagndstico de insuficiencia renal agua en pacientes afectos de neoplasia
activa en el seno del tratamiento con inmunoterapia puede acarrear

consecuencias negativas en el prondéstico del paciente.
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3. OBJETIVOS
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3.1. Primario

Evaluar las causas de insuficiencia renal en los pacientes afectos de cancer y su

repercusion prondstica.

3.2. Secundarios

a)

b)

d)

Estudiar la patologia renal mas frecuente asociada al tratamiento con

inmunoterapia en pacientes con cancer en nuestro medio.

Determinar la incidencia de FRA en pacientes con neoplasia de 6rgano

sélido que reciben inmunoterapia.

Analizar si el paciente con cancer en tratamiento con inmunoterapia que
desarrolla un FRA presenta peor supervivencia en comparacién con el
paciente con cancer en tratamiento con inmunoterapia que no desarrolla
FRA.

Evaluar el tipo de lesion renal objetivada en una cohorte de pacientes con

cancer de 6rgano sélido que se someten a biopsia renal.
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4. COMPENDIO DE PUBLICACIONES
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4.1. Articulo 1

Ménica Bolufer, Diana Oleas, Irene Agraz, Enriqueta Felip, Eva Mufioz, Alejandra
Gabaldon, Roxana Bury, Eugenia Espinel, Daniel Serdn, Clara Carcia-Carro y

Maria José Soler.

Acute interstitial nephritis associated with immune checkpoint inhibitors: a

single-centre experience.
Clinical Kidney Journal (2020)

DOI:10.1093/ckj/sfaa008.
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ABSTRACT

Background. Checkpoint inhibitors (CPIs) are used to treat solid organ metastatic malignancies. They act by triggering a
vigorous immune response against tumoural cells, preventing their proliferation and metastasis. However, this is not a
selective response and can cause immune-related adverse events (irAEs). The kidney can potentially be damaged, with an
incidence of irAEs of 1-4%. The most frequent type of toxicity described is acute interstitial nephritis (AIN).

Methods. We conducted a study of patients with solid organ metastatic malignancies treated with immunotherapy who
developed acute renal injury and underwent kidney biopsy in the last 14 months at the Vall d’Hebron University Hospital.

Results. In all, 826 solid organ malignancies were treated with immunotherapy in our centre, 125 of them (15.1%) developed
acute kidney injury (AKI), 23 (18.4% of AKI) visited the nephrology department and 8 underwent kidney biopsy. The most
frequent malignancy was lung cancer, in five patients (62%), followed by two patients (25%) with melanoma and one patient
(12%) with pancreatic cancer. Four patients (50%) had already received previous oncological therapy, and for the remaining
four patients (50%), CPI was the first-line therapy. Five patients (62%) were treated with anti-programmed cell death protein
1, three patients (37%) received anti-programmed death ligand 1 and two (25%) patients were treated in combination with
anti-cytotoxic T-lymphocyte antigen 4. The time between the start of CPI and the onset of the AKI ranged from 2 to

11 months. The most frequent urine findings were subnephrotic-range proteinuria, with a mean protein:creatinine ratio of
544 mg/g (standard deviation 147) and eosinophiluria. All patients were biopsied after being diagnosed with AIN. Three
patients (37%) received treatment with pulses of methylprednisolone 250-500 mg/day and five patients (62%) received
prednisone 1 mg/kg/day. Seven patients (87%) experienced recovery of kidney function and one patient (12%) progressed to
chronic kidney disease.

Conclusions. We report on eight patients with CPI-related AIN diagnosed in the last 14 months at our centre. The novel
immunotherapy treatment of metastatic solid organ malignancies carries a higher risk of irAEs. The kidney is one of the
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most commonly affected organs, frequently presenting as an AIN and exhibiting a favourable response to steroid

treatment.

Keywords: AKI, acute interstitial nephritis, checkpoint inhibitors, immunotherapy, kidney biopsy

INTRODUCTION

According to the Global Cancer Observatory, the incidence of
cancer worldwide in 2018 was estimated at 18 078 957, resulting
in nearly 10 million deaths [1]. In 2015, the World Health
Organization reported cancer as the first and second leading
causes of death of individuals <70 years of age in most coun-
tries. Moreover, with life expectancy progressively increasing,
the high prevalence of comorbidities and the globalization of a
Western lifestyle (diet, smoking, sedentary lifestyle, etc.), cancer
is expected to become the leading cause of death in the coming
years [2]. Given the excessive economic and social burdens this
represents, the scientific community has been rushing to de-
velop new and more effective therapies. As a result, and under
the premise of stimulating the immune system to attack cancer
cells, extensive research has been done, resulting in the discov-
ery of cancer immunotherapy about two decades ago. To date,
several agents have emerged, including vaccine-based thera-
pies, oncolytic viruses, T cell-directed therapies, bi-specific
antibodies and checkpoint inhibitors (CPIs) [3]. Based on the
results of many clinical trials, significant improvements in
the survival rates of patients treated with these drugs have
been observed [4, 5]. Further studies are needed to determine
the duration of this effect, possible resistance mechanisms and
side effects.

The tumoural microenvironment has many ways of escap-
ing the recognition of the immune system, which allows for
its growth and dissemination, resulting in metastasis. An im-
portant mechanism is the expression of ligands for inhibitory
receptors like cytotoxic T-lymphocyte antigen 4 (CTLA-4) and
programmed cell death protein 1 (PD-1) on T cells and other im-
mune cells causing a downregulation of its activation. Here lies
the rationale for CPIs, which bind to CTLA-4 and PD-1 to activate
immune cells from a quiescent state, triggering a vigorous re-
sponse against tumoural cells [3]. However, this mechanism is
not selective and has the potential to suppress tolerance to self-
antigens, thus increasing the risk of immune-related adverse
events (irAEs). Although any organ can be involved, the most
commonly affected organs are the skin, gastrointestinal tract,
endocrine glands and the liver, comprising an incidence of 15—
90% [6, 7]. With regards to the kidney, a meta-analysis of 48 clin-
ical trials demonstrated an incidence of 2-4%, and higher if
combination therapy is used [6, 8]. However, recent series have
reported an incidence as high as 29% [9]. The most common kid-
ney lesion associated with CPIs is acute interstitial nephritis
(AIN). Nonetheless, immune complex-mediated glomerulone-
phritis, podocytopathies, thrombotic microangiopathy and elec-
trolyte disturbances have also been described [10]. Our objective
was to study biopsy-proven renal diseases secondary to CPIs in
our centre in the last 14 months.

MATERIALS AND METHODS

This is a retrospective study of patients with metastatic solid
organ malignancies treated with CPIs in a period of 14 months
at Vall d’'Hebron University Hospital. We found 125 patients
who developed AKI based on the Acute Kidney Injury Network

(AKIN) criteria. A total of 826 solid organ malignancies were
treated with CPIs in our centre; 125 patients (15.1%) developed
an AKI, 23 patients (18.4% of AKI) visited the nephrology depart-
ment and 8 patients underwent kidney biopsy. Subsequently,
data that included gender, age, ethnicity, comorbidities, current
medication [with special emphasis in non-steroidal anti-in-
flammatory drugs (NSAIDs), proton pump inhibitors (PPIs), an-
giotensin-converting enzyme inhibitors and angiotensin II
receptor blockers], type of malignancy, type of oncological treat-
ment, first and last dose of CP], class of CPI, number of cycles re-
ceived, extrarenal irAEs, baseline renal function, stage of AKI at
presentation, sediment findings, proteinuria, urine cytology, se-
rological information, renal biopsy diagnosis and treatment
were recorded.

Renal biopsy techniques included light microscopy (haema-
toxylin and eosin and saffron, periodic acid-Schiff and
Masson’s trichrome), immunofluorescence and immunohisto-
chemistry. Two biopsy cores were obtained under ultrasound
guidance using a 16-gauge needle, with the cores containing at
least one glomerular and one arterial profile and sufficient
tubulointerstitial tissue.

A follow-up time of at least 3 months was used to estab-
lished renal function recovery or progression to chronic kidney
disease (CKD) according to Kidney Disease: Improving Global
Outcomes guidelines.

RESULTS

A total of 826 solid organ malignancies were treated with CPIs
in our centre; 125 patients (15.1%) developed an AKI and 23
patients (18.4% of AKI) visited the nephrology department.
Eight patients who visited the nephrology clinic (34.8%)
with metastatic solid organ malignancies under treatment
with CPIs underwent renal biopsy over the study period. The
male:female ratio was 1:1. The median age was 67 years, all
patients were Caucasian, the most prevalent comorbidity was
hypertension (50%) and one patient had type 2 diabetes (12%).
Five patients (62%) had a history of either NSAIDs or PPI use.
Most of the patients (62%) had metastatic lung cancer; the
remaining had melanoma (12%) or pancreatic cancer (12%). Four
patients (50%) had previously received other types of oncologi-
cal treatment without remission. For the other 50%, CPIs repre-
sented the first line of treatment. The immunotherapies used
were the following: five patients (62%) were treated with anti-
PD-1, one (12%) in combination with an anti-CTLA-4; three
patients (37%) were treated with anti-PD-L1, one (12%) in associ-
ation with an anti-CTLA-4. Three patients presented with irAEs:
one patient (12%) had previously been diagnosed with immune-
mediated esophagitis and two patients (24%) presented with
arthralgias related to CPI treatment.

Seven patients (87%) had normal baseline kidney function
and one patient had CKD Stage 3a. The time between the CPI ad-
ministration and the presentation of kidney disease ranged
from 2 to 11months [mean5.8 months (SD 3.5)]. Two patients
who were treated with an anti-PD-L1 had the earliest observable
onset. Regarding the presentation, six patients (75%) met AKIN
Stage 3 criteria and the other two showed AKIN Stages 2 and 1.
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None of the patients required renal replacement therapy. The
prevailing urine findings were subnephrotic proteinuria in
seven patients (87%) with a mean urine protein:creatinine ratio
of 544 mg/g (SD 147) and eosinophiluria in five patients (62%).
One patient (12%) exhibited eosinophilia. Two patients (25%)
had microscopic isomorphic haematuria. The serologic tests
demonstrated metabolic acidosis in five patients (62%); charac-
teristically, one of these patients had persistent hypokalaemia
with urine and blood findings compatible with renal tubular aci-
dosis type I (RTA). No other electrolyte disturbances were ob-
served. The autoimmunity laboratory workup was negative and
complement levels and immunoglobulins were normal. Each
patient had a diagnosis of AIN when biopsied (Figure 1). No sig-
nificant changes in the glomerular compartment were seen. No
immunoglobulins or complement deposits were observed on
immunofluorescence or immunohistochemistry. No granulo-
mas were observed.

Three patients (37%) received intravenous methylpredniso-
lone pulses for the first 3 days after being diagnosed. Two
patients were given 500mg/day and one patient was given
250mg/day. The other five patients (62%) started treatment
with oral prednisone 1mg/kg/day. For each of the patients, the
management approach included a full oral dose of prednisone
for 1.5 weeks in five patients (62%) and a longer period for the
remaining three patients (37%), which ranged from 3 to 5 weeks.
Subsequently, prednisone was tapered from 5 to 10 mg/week. At
the end of the follow-up, two patients (25%) had finished treat-
ment. One patient completed 6 months of steroids and the
other 4 months. The remaining patients are still receiving pred-
nisone. Seven patients (87%) stopped their CPI treatment since
the AKI diagnosis—none of which have restarted. A patient who
had been administered steroids stopped after 14 weeks of treat-
ment and demonstrated kidney function recovery, but exhibited
a recurrence 8 weeks later. The patient received three pulses of
methylprednisolone 250 mg/day, followed by oral prednisone.

At the 3-month follow-up, seven patients (87%) presented
with complete recovery of kidney function, including the pa-
tient who exhibited a recurrence during steroid tapering. Only
one patient (12%) progressed to CKD. Table 1 shows a summary
of the baseline characteristics of the patients and oncological
diseases. Table 2 summarizes clinical features at the time of
AKI presentation and outcome.

DISCUSSION

Novel immunotherapy has considerably increased the survival
rate of patients with solid organ malignancies, at the cost of a
variety of irAEs. Virtually any organ can be affected, with the
most common irAEs involving the skin, gastrointestinal tract,
endocrine system, liver and kidneys, with incidences of 36, 18,
13, 1-9 and 1-4%, respectively [7]. However, recent studies have
shown a higher incidence of renal irAEs—up to 29% [9]. In gen-
eral terms, the exact physiopathological mechanism of damage
in the kidney has not yet been established, although it seems
that a few mechanisms might be involved. The most plausible
hypothesis is the production of autoantibodies against kidney
tissue, anti-tumour T-cell-mediated damage due to cross-
reactivity with healthy kidney components, previous loss of tol-
erance of drug-specific effector T-cells by drugs known to cause
immune-mediated kidney injury (such as NSAIDs or PPIs) and
an inflammatory lesion due to cytokines and chemokines pro-
duced by T-cell activation [11]. Wolchok et al. [12] studied
whether a genetic predisposition to immune-related AEs was
present in patients with melanoma treated with ipilimumab,

AIN associated with CPIs | 3

FIGURE 1: Kidney biopsy findings (Patient 1). (A) Tubulo-interstitial inflamma-
tory infiltrates and no structural abnormalities in the glomeruli are observed
(haematoxylin and eosin, x10). (B) Predominantly monocytic inflammatory infil-
trates in the interstitial compartment. Tubular epithelium simplification sug-
gesting acute tubular injury (arrow) (haematoxylin and eosin, x20). (C)
Inflammatory cells in the basolateral aspect of the tubular epithelium (arrow),
scattered eosinophils in the interstitium (Masson’s trichrome, x20).

but they did not find any association with human leucocyte
genotypes.

As previously mentioned, the most commonly reported
nephrotoxicity presentation was AIN, and less frequently,
immune-mediated glomerulonephritis, podocytopathies and
thrombotic microangiopathy. Surprisingly, the time of onset
can vary depending on the type of CPI used for treatment:
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Table 1. Baseline characteristics of the patients, the oncological disease, the AKI presentation and outcome

Baseline serum

Patient Age/gender/ Type of CPI creatinine Cancer Non-renal

number race Comorbidities Malignancy and duration (mg/dL) outcome irAEs

1 59/F/C GERD Lung Anti-CTLA-4 and anti PD-L1 (four cycles) 0.7 PD No

2 67/F/C GERD Pancreas Anti-PD-L1 and MEK inhibitor (two cycles) 0.8 PD No (fever)

3 83/F/C HT, dyslipidaemia Melanoma Anti-PD-1 and anti-LAG-3 antibody 0.7 CR Arthralgia

(three cycles)

4 85/M/C DM, HT, dyslipidaemia, Lung Anti-PD-1 and anti-cMET antibody 13 PD No
GERD, CKD (seven cycles)

5 68/F/C HT, GERD Lung Anti-PD-1 (three cycles) 11 SD No

6 63/M/C  GERD Lung Anti-PD-L1 (one cycle) 0.9 PR Arthralgia

7 75/M/C  GERD, HT Melanoma Anti-PD-1 and EGFR inhibitor (one cycle) 0.9 CR Esophagitis

8 61/M/C - Lung Anti-PD-1 and RAS inhibitor (five cycles) 0.9 PD No

CR, complete response; GERD, Gastroesophageal reflux disease; HT, Hypertension; MEK, mitogen-activated protein; PD, partial disease; PR, partial response; SD, stable

disease.

CTLA-4 antagonist toxicity can start as early as 6-12 weeks after
its initiation; in contrast, PD-1 inhibitors may take 3-6 months
to provoke kidney injury. This difference can be explained by
the fact that CLTA-4 acts on T lymphocytes at an early stage,
triggering an activation and proliferation of T cells while reduc-
ing T-regulatory cells. On the other hand, PD/PLD1 activates pe-
ripheral T cells inducing a more tumour-specific response [3]. It
is worth mentioning that this damage can also be developed
once the drug has been stopped [7, 13]. The largest series of bi-
opsy-proven nephropathies associated with the use of an anti-
PD-1 (pembrolizumab) reported 12 patients who exhibited a kid-
ney lesion with a median time of onset of 9months (range 1-
24). In contrast to our study, three types of damage were ob-
served on kidney biopsy: AIN, acute tubular damage and mini-
mal change disease [14]. We did not have electron microscopy
available for our biopsy samples.

In this article, we reported eight cases of biopsy-proven AIN
in patients with solid organ metastatic malignancies treated
with CPIs. We did not find gender predominance, in contrast to
other larger series, which have found a white male predomi-
nance [10]. The median age of patients was 67 years. The most
prevalent comorbidities were hypertension and diabetes melli-
tus. Most patients had ongoing treatment with PPIs and some
had taken NSAIDs, which possess the potential to act as nephri-
togenic drugs, producing drug-specific T cells that, after being
left in a quiescent state by regulatory mechanisms like PD-1
receptors, are reactivated by CPIs [9]. In concordance with other
series, the main urinary findings were subnephrotic proteinuria
and eosinophiluria [10]. A large number of our patients had
metabolic acidosis with a high anion gap; however, one patient
presented with persistent normal anion gap metabolic acidosis
and hypokalaemia. Further workup led to the diagnosis of a tu-
bular acidification deficit concordant with RTA. Drug-related
and autoimmune aetiologies were ruled out. An adequate re-
sponse to discontinuing the CPI, potassium, bicarbonate re-
placement and steroid was seen. Three similar cases have been
described in the literature favouring immune-mediated damage
of the distal tubule proton pump secondary to CPI treatment
[15-17].

After ruling out other potential aetiologies like contrasts,
medications and volume status, and having the biopsy diagno-
sis of AIN, all of our patients discontinued the CPI treatment
and received induction therapy with steroids. The more severe
cases of AKI Stage 3 were treated with intravenous methylpred-
nisolone and those with AKI Stage 2 or 1 received oral

prednisone. According to the American Society of Clinical
Oncology (ASCO) guidelines, steroids should be administered
when a Grade 2 toxicity (creatinine 2-3 times above baseline) is
established. Likewise, a kidney biopsy should be considered
with Grade 3 toxicity (creatinine >3 times above baseline or
>4mg/dL) [18]. On the other hand, Perazella and Sprangers [19]
established an algorithm that suggests starting steroids in AKI
Stage 2/3 if other aetiologies have been excluded and if the pa-
tient has other irEAs, sterile pyuria and/or white blood cell cast;
otherwise it is suggested to wait until the kidney biopsy diagno-
sis. We have maintained oral prednisone in our patients for up
to 6months with a strict, monitored tapering schedule—an
analogous approach has been suggested in other studies.
Previous series of cases have shown that prolonged steroid
treatment is related with better renal outcome than conserva-
tive management or shorter therapeutic schedules [13].

The majority of our patients experienced kidney function re-
covery with steroid treatment, but one patient progressed to
CKD. A similar rate of recovery has been described in the litera-
ture with AIN induced by CPIs [10]. Moreover, immune-medi-
ated glomerulonephritis, podocytopathies or thrombotic
microangiopathy could have the requirement of stronger im-
munosuppressive therapy. Mycophenolate mofetil, cyclospor-
ine, infliximab and other agents have been used with variable
results [10]. In one case we observed a relapse of AIN after com-
pleting 14 weeks of steroid therapy—the patient was treated
with pulses of methylprednisolone, with kidney function recov-
ery. It has been proposed to reinstate CPIs on an individualized
decision, balancing the risks and benefits on a case-by-case ba-
sis [19]. More studies are needed to evaluate the efficacy of low-
dose prednisone when CPI reintroduction for treating the cancer
is needed.

In 2018, the ASCO published guidelines for the management
of irAEs [18]. More recently, Perazella and Sprangers [19] devel-
oped an algorithm that considers treatment with steroids and
kidney biopsy at earlier AKI stages compared with the ASCO
guidelines, especially if the patient has evidence of irAEs involv-
ing other organs, pyuria and/or white blood cells casts.

The main limitations of the study are the small sample size
and the inability to report the specific type of CPI that each pa-
tient received because of confidentiality agreements with the
respective sponsor of the clinical trials. All of the reported
patients were included in clinical trials.

In conclusion, all of our biopsied patients treated with CPIs
were diagnosed of AIN. Thus we recommend obtaining a biopsy
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Table 2. (continued)

6

Kidney
biopsy
diagnosis

SCr at AKI
presentation

Renal
outcome

Steroid
tapering

Induction
treatment

Electrolitic
disturbances

Nephrotoxic

UPCR
(mg/g)

485

Urine
sediment

D. Oleas et al.

drugs

Autoimmunity

(mg/dL)

Recovery

Time on steroids: 6 months
Total AD:
45g

250 mg/day x 3

Elevated anion AIN

Omeprazole

C3/C4 normal

Leuk
Hem

6.2

gap metabolic

ANA (-)
ANCA (-)
Anti-GBM (-)

acidosis

AD Month 1: 1250 mg

AD Month 2: 1250 mg

AD Month 3: 975 mg

Recovery

Time on steroids: 4 months

Total AD:
31g

500 mg/day x 3

AIN

C3/C4 normal

600

Eos

3.7

Leuk
Hem

ANA (-)
ANCA (-)
Anti-GBM (-)

AD Month 1: 2775 mg

AD Month 2: 125 mg
AD Month 3: 75 mg

SCr: serum creatinine; UPCR: urine protein:creatinine ratio; Eos: eosinophiluria; Leuk: leucocyturia; Hem: haematuria; ANA: anti-nuclear antibody; anti-DNA: anti-deoxyribonucleic acid antibody; ANCA: anti-neutrophilic cytoplas-

matic antibody; anti-GBM: anti-glomerular basement membrane antibody; RTA, renal tubular acidosis; AD: accumulated data.

if irAEs involving the kidney are suspected, not only to confirm
the diagnosis, but also to establish a treatment and prognosis
given the fact that many of these patients carry an important
comorbidity that could have an impact on renal survival. In the
same line, basal kidney function should be checked before start-
ing immunotherapy and during treatment. These strategies will
allow the clinician to provide an early diagnosis and treatment
of AIN and subsequently avoid the development of CKD.
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ABSTRACT

Background. Checkpoint inhibitors (CPIs) have drastically im-
proved metastatic cancer outcomes. However, immunotherapy
is associated with multiple toxicities, including acute kidney in-
jury (AKI). Data about CPI-related AKI are limited. Our aim
was to determine risk factors for CPI-related AKI as well as its
clinical characteristics and its impact on mortality in patients
undergoing immunotherapy.

Methods. All patients under CPI at our centre between March
2018 and May 2019 and with a follow-up through April 2020
were included. Demographic, clinical and laboratory data were
collected. AKI was defined according to the Kidney Disease:
Improving Global Outcomes guidelines. We performed a logis-
tic regression model to identify independent risk factors for
AKI and actuarial survival analysis to establish risk factors for
mortality in this population.

Results. A total of 759 patients were included, with a median
age of 64 years. A total of 59% were men and baseline median
creatinine was 0.80mg/dL. The most frequent malignancy
was lung cancer and 56% were receiving anti-programmed
death protein 1 (PD-1). About 15.5% developed AKI
during the follow-up. Age and baseline kidney function were
identified as independent risk factors for CPI-related AKI. At
the end of follow-up, 52.3% of patients had died. The type of
cancer (not melanoma, lung or urogenital malignance), type of
CPI (not cytotoxic T-lymphocyte-associated protein 4, PD-1,
programmed death-ligand 1 or their combination) and the
presence of an episode of AKI were identified as risk factors for
mortality.

Conclusions. A total of 15.5% of patients under immunother-
apy presented with AKI. A single AKI episode was identified as

an independent risk factor for mortality in these patients and
age and baseline renal function were risk factors for the devel-
opment of AKI.

Keywords: acute kidney injury, checkpoint inhibitors, mortal-
ity, onconephrology

ADDITIONAL CONTENT

An author video to accompany this article is available at:
https://academic.oup.com/ndt/pages/author_videos.

INTRODUCTION

Cancer is expected to become the leading cause of death in
the coming years [1]. Around 2 decades ago, the scientific com-
munity began rushing to develop new and more effective thera-
pies against oncologic diseases. As a result, and under the
premise of stimulating the immune system to attack cancer
cells, extensive research has been done, resulting in the
discovery of immunotherapy. Several agents have emerged
(vaccine-based therapies, T-cell-directed therapies, etc.) [2], but
immune checkpoint inhibitors (CPIs) have revolutionized the
treatment of a huge spectrum of malignancies [3, 4]. A signifi-
cant improvement in the survival rate of patients treated
with these drugs has been observed [5, 6]. CPIs enhance
tumour-directed immune responses by binding with inhibitory
receptors such as cytotoxic T-lymphocyte-associated protein 4
(CTLA4) and the programmed death protein 1 (PD-1) or its
ligand programmed death-ligand 1 (PD-L1) on T cells
and other immune cells, causing a downregulation of its
activation. CPIs bind to CTLA4, PD-1 or PD-LI to prevent

© The Author(s) 2021. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.
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KEY LEARNING POINTS

What is already known about this subject?

potentially serious immune-related adverse events.

conclusive.

What this study adds?

What impact this may have on practice or policy?

that could compromise future oncospecific treatments.

* Immunotherapy has extraordinarily increased survival of patients with metastatic malignances but is related to

* Acute kidney injury (AKI) occurs in 13-29% of patients under immunotherapy.
» Data about risk factors for AKI development and the relation that exists between AKI and mortality are not

* This study describes the clinical characteristics of AKI in a large cohort of patients treated with immunotherapy.

* This study discusses the risk factors for the development of AKI in patients under immunotherapy.

* This study found for the first time that the development of a single episode of AKI while patients are on
immunotherapy treatment increases their risk for mortality.

* Preparing clinical oncologists for the impact that kidney injury may have in this group of patients.
* Strict monitoring of kidney function in patients at high risk for AKI.
* Quick referral to nephrology for early diagnosis and treatment with the purpose of minimizing chronic kidney disease

the deactivation of T cells, favouring a response against tumou-
ral cells.

CPI mechanisms are not selective, and these drugs have the
potential to cause autoimmune phenomena known as immune-
related adverse events (irAEs). The most commonly affected
organs are the skin, gastrointestinal tract, endocrine glands and
the liver, comprising an incidence of 15-90% [7, 8]. Renal
events are less frequent, but acute kidney injury (AKI) incidence
has increased to 13-29% [9], given the fact that CPI use has be-
come more ordinary. The most common kidney lesion that has
been associated with CPI use is an acute immune-mediated in-
terstitial nephritis [10, 11] that exhibits favourable response to
steroids. This pathological entity seems not to have the same
clinical behaviour as classical interstitial nephritis related to
other drugs, suggesting potential differences in the pathological
pathways that are not yet completely understood [12].

Data about CPI-related AKI are scarce and not conclusive.
While Cortazar et al. [13] identified impaired basal kidney
function, previous treatment with proton pump inhibitor (PPI)
and a combination of CPI as risk factors for AKI, in other series
AKI was associated only with other irAEs and hypertension
[14]. Furthermore, in the series by Meraz-Munoz et al. [14],
AKI was not associated with an increased risk of mortality,
while Cortazar et al. [13] found that patients with no kidney re-
covery after AKI had an increased mortality when compared
with patients who did not develop AKIL

We conducted a study with the aim of determining the
independent risk factors for development of AKI, clinical char-
acteristics of AKI in a large cohort of CPI-treated patients in a
real-world scenario and the impact of AKI as a risk factor for
mortality in this population.

MATERIALS AND METHODS

This was a single-centre retrospective study of patients with
solid organ malignancies treated with CPI (one drug or a com-
bination of different drugs) at Vall d’Hebron University
Hospital between March 2018 and May 2019. Patients were fol-
lowed up until April 2020. All patients >18 years of age were el-
igible except those with end-stage kidney disease or with
previous kidney transplant.

Data were obtained from oncological infusion records by
nephrologists who reviewed the medical records of all patients.
All data were pseudo-anonymized. Data collected from each
patient included demographics, longitudinal serum creatinine
and other laboratory parameters, type of neoplasia, type of CPI
during the study period and previous treatment with CPI, as
well as survival during the study period. Baseline creatinine was
defined as the last available creatinine before starting CPI dur-
ing the study period. In patients who developed AKI, treatment
with steroids and kidney function evolution were also regis-
tered. The Ethical Committee of Vall d'Hebron University
Hospital approved the study protocol [PR(AG)260/2019].

AKI was defined according to the Kidney Disease:
Improving Global Outcomes (KDIGO) criteria, as well as its se-
verity (Stages 1, 2 and 3). A follow-up time of at least 3 months
was used to establish renal function recovery or progression to
chronic kidney disease (CKD) according to the KDIGO
guidelines.

Data were analysed using SPSS Statistics version 24.0 (IBM,
Armonk, NY, USA). Results were expressed as frequencies for
categorical variables and as mean = standard deviation (SD) or
median and interquartile range (IQR) for continuous variables.
The Kolmogorov-Smirnov test was applied to determine

C. Garcia-Carro et al.
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Table 1. Baseline characteristics and univariate analysis comparing AKI and no AKI patients

Cohort (n=759)

Clinical and demographic parameters

64 (55-71)
449 (59.19)
0.80 (0.66-0.97)

Age (years), median (IQR)

Gender (male), n (%)

Baseline creatinine (mg/dL),
median (IQR)

Baseline creatinine >1 mg/dL, n (%)

Diabetes mellitus (yes), n (%)

170 (22.40)
99 (13.04)
(
(

Obesity (yes), n (%) 126 (16.60)
Hypertension (yes), n (%) 319 (42.03)
Type of malignance, 1 (%)
Melanoma 80 (10.54)
Lung 239 (31.49)
Urogenital tract 156 (20.55)
Other 284 (37.42)
Type of CPI, n (%)
CTLA4 9 (1.19)
PD-1 422 (55.60)
PD-L1 207 (27.27)
CTLA4 + PD-1/PD-L1 88 (11.59)
Other/other combinations 33 (4.35)
Treatment with >1 CPI drug before 171 (22.53)

the study period, 1 (%)

AKI (n=118) No AKI (n=641) P-value
66 (59-72) 63 (54-70.5) 0.010
78 (66.10) 371 (57.88) 0.0949
0.88 (0.72-1.08) 0.78 (0.64-0.95) <0.0001
41 (34.75) 129 (20.12) 0.0005
21 (17.78) 78 (12.16) 0.0953
14 (11.86) 112 (17.41) 0.11
64 (54.24) 255 (39.78) 0.0035
0.9975
12 (10.17) 68 (10.61)
38 (32.20) 201 (31.37)
24 (20.34) 132 (20.59)
44 (37.29) 240 (37.44)
0.5740
2 (1.69) 7 (1.09)
60 (50.85) 362 (56.47)
34 (28.81) 173 (26.99)
14 (11.86) 74 (11.54)
8 (14.75) 25 (39.00)
32 (27.12) 139 (21.68) 0.1942

Table 2. Risks factors for AKI in patients under CPI treatment

Odds ratio 95%CI P-value

Age (years) 1.019
Gender (male) 1.009
Baseline creatinine (mg/dL) 3.460

1.000-1.037 0.0472
0.643-1.585 0.9672
1.710-7.003 0.0006

Table 3. Risk factors for AKI in patients under CPI treatment adjusted
also by hypertension

Risk factors OR 95% CI P-value

Age (years) 1.013 0.06-0.088 0.1783
Gender (male) 1.027 0.653-1.615 0.9097
Hypertension (yes) 1.383 0.895-2.137 0.1445
Baseline creatinine (mg/dL) 3.312 1.635-6.712 0.0009

whether quantitative variables were normally distributed. For
comparison of means between two groups, Student’s ¢ or
Mann-Whitney U test was used, depending on the distribution
of the variable. Univariate and multivariate logistic regression
were used to identify AKI risk factors and Cox survival analysis
to identify risk factors associated with mortality. The hazard ra-
tio (HR) for mortality and the 95% confidence interval (CI)
were reported. Two-sided P-values <0.05 were considered sta-
tistically significant.

RESULTS

During the study period, 821 patients received CPI at our centre
and were screened to be included in the study. A total of 62
patients were excluded due to their medical records being dupli-
cated. Finally, 759 patients were included in the study. Baseline
characteristics are shown in Table 1. The median age was 64
years (IQR 55-71) and 59.2% of patients were men. A total of
31.5% presented with lung cancer and 20.6% with urogenital
cancer and 10.6% with melanoma. PD-1 was the most frequent

AKI as a risk factor for mortality

type of CPI used (55.6% of patients) and 22.5% patients had re-
ceived another CPI drug previous to the study period. The me-
dian baseline creatinine was 0.80 mg/dL (IQR 0.66-0.97) and
22.4% of patients had a baseline creatinine >1 mg/dL. The me-
dian follow up was 14.9 months (IQR 6.69-23.12).

A total of 118 (15.5%) patients developed AKI during the
study period. Patients who developed AKI were similar to
patients who did not in terms of gender, presence of diabetes
mellitus, obesity, type of malignancies and type of CP1. However,
those who developed AKI were older [66 years (IQR 59-72) ver-
sus 63 (54-70.5); P =0.01], had a worse baseline creatinine [0.88
mg/dL (IQR 0.72-1.08) versus 0.78 (0.64-0.95); P < 0.0001] and
presented with increased hypertension history (54.24% versus
39.78%; P =0.0035) (Table 1). Furthermore, in a multivariate
model adjusted by age and gender, age and baseline creatinine
were identified as independent risk factors for AKI. When hyper-
tension was included in this model, only baseline renal function
remained as a risk factor for AKI in CPI-treated patients, proba-
ble because elderly patients were also the ones who presented
more frequently with hypertension. Interestingly, the strongest
predictor for AKI in CPI-treated patients was baseline creatinine
in both analyses (Tables 2 and 3).

At the diagnosis of AKI, the median peak creatinine was
1.75 mg/dL (IQR 1.37-2.53) and 88.14% of patients (n = 104)
presented with leukocyturia and 79.7% (n = 94) with haematu-
ria. Two patients required renal replacement therapy at the
time of AKI diagnosis and renal recovery was not achieved. A
total of 58.5% developed AKI Stage 1 and 41.5% AKI Stages 2
or 3. The median time to AKI after starting CPI was 3.5 months
(IQR 1.46-8.22). Four patients presented with AKI as a conse-
quence of obstructive uropathy. Only 22 (18.6%) patients were
referred to a nephrologist consultant. Ten patients (8.5%)
underwent a kidney biopsy: nine biopsies showed acute intersti-
tial nephritis and one endocapillary proliferative glomerulone-
phritis. All patients who underwent a kidney biopsy developed
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FIGURE 1: Flow chart.

Table 4. Univariate analysis comparing characteristics of patients who 1.0+
died and patients who survived during the follow-up
Characteristics Death Survival ~ P-value
(n=1397) (n=1362) 0.8
Age (years), median (IQR) 64 (54-71) 64 (56-70) 0.6443
Gender (male), n (%) 236 (59.45) 213 (58.84) 0.8653 § 0.6
Baseline creatinine 0.78 (0.64-0.95) 0.81 (0.67-0.99) 0.0739 % '
(mg/dL), median (IQR) o
Type of malignancy, n (%) 0.0005 S
Melanoma 30 (756) 50 (13.81) g 04r
Lung 121 (3048) 118 (32.60) o
Urogenital tract 73 (18.39) 83 (22.93)
Other 173 (43.58) 111 (30.66) 0.2}
Type of CPI, n (%) 0.0005
CTLA4 5(1.26) 4(1.10)
PD-1 201 (50.63%) 221 (61.05) ok
PD-L1 116 (29.22) 91 (25.14)
CTLA4 + PD-1/PD-L1 47 (11.84) 41 (11.32)
Other/other combinations 28 (7.05) 5(1.38)
AKI (yes), n (%) 82 (20.65) 36 (9.94) <0.0001

Received CPI
(n=821)

Included in the study
(n=759)

Lost to follow-up
(n=7)

Complete recovery
of renal function
(n=38)

Data duplicities
or missing data
(n=62)

Without renal
dysfunction
(n=641)

-.2"t Non-acute kidney injury
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FIGURE 2: Survival curves of patients with and without AKI during
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Table 5. Independent predictors of mortality
Risk factors

Univariate

1 (0.991-1.008)
1.004 (0.822-1.227)

Age (years)

Gender (male)

Type of malignancy (compared
with others)
Melanoma 0.492 (0.334-0.726)
Lung 0.778 (0.616-0.982)
Urogenital tract 0.637 (0.484-0.837)

Type of CPI (compared with

others)

CTLA4 0.458 (0.177-1.186)

PD-1 0.413 (0.281-0.619)

PD-L1 0.507 (0.335-0.766)

CTLA4 + PD-1/PD-L1 0.463 (0.290-0.739)
AKI (yes) 1.634 (1.282-2.085)

HR (95% CI) for mortality

P-value (multivariate)

Multivariate
1 (0.991-1.009) 0.989
1.0267 (0.836-1.261) 0.802
0.516 (0.346-0.770) 0. 001
0.789 (0.623-0.998) 0.048
0.639 (0.484-0.843) 0.002
0.506 (0.194-1.322) 0.164
0.465 (0.311-0.695) <0.0001
0.531 (0.350-0.807) 0.003
0.503 (0.312-0.811) 0.005

1.606 (1.254-2.057) <0.0001

Bold values are statistically significant.

AKI Stage >2 and 8 of 10 presented with leukocyturia without
bacteriuria.

Regarding specific AKI treatment, 26 patients received spe-
cific treatment with steroids—22.03% of those who presented
with AKI. However, in only 34 patients was AKI directly attrib-
uted to CPI therapy after reviewing the clinical data. These 26
patients treated with steroids were in the group of renal irAEs,
implying that 76.47% of patients who presented with AKI di-
rectly related to CPI were treated with steroids. All of them re-
ceived oral prednisone, with a mean cumulative dose of
33.9 = 24.5 mg/kg of body weight. Five patients also received in-
travenous methylprednisolone pulses (250 mg/day for 3 days).
The mean treatment length was 95.8 = 128.5 days, excluding one
patient who was on steroids for 35 months because of consecu-
tive irAEs. The incidence of CPI directly related to AKI in our
study was 4.47%.

Of note was that 27 of 118 patients who presented with AKI
continued CPI treatment despite a renal event. All 27 patients
presented with AKI Stage 1 except one patient who presented
with AKI Stage 2. In 91 patients (77.1%), CPI treatment was
stopped at the time of AKI, of whom 48 (52.7%) presented with
moderate to severe AKI (Stages 2-3). CPI treatment was rechal-
lenged in 10 patients. Of these 10 patients, 7 had improved their
kidney function to their baseline creatinine when immunother-
apy was restarted. Only 2 of the 10 patients presented with a
second AKI episode when CPI treatment was reinitiated. The
second AKI was Stage 1 in one patient and Stage 2 in the other.
In the univariate Cox model, patients that restarted CPI treat-
ment had a better survival prognosis than patients without CPI
restarted [HR 0.38 (95% CI 0.163-0.886; P = 0.025].

Among patients who survived >6 months after AKI (n = 52),
seven were lost to follow-up at our institution. So we have data
for 45 patients (38.1% of those who developed AKI) at 6 months
after AKIL. Of these 45 patients, 38 (84.4%) had complete kidney
recovery at 6 months. The median creatinine for these 45 patients
at 6 months after AKI was significantly higher [0.96 mg/dL (IQR
0.86-1.25)] than that of these patients before AKI [0.90 mg/dL
(IQR 0.72-1.06); P < 0.001].

AKI as a risk factor for mortality

At the end of the follow-up, 397 (52.3%) patients had died at
a median time of 6.25 months (IQR 3.08-11.25) after starting
CPI (Figure 1). Patients who died were similar to those who
had survived in terms of age, gender and baseline renal func-
tion. However, patients who died presented more frequently
malignancies different from melanoma, lung or urogenital can-
cer (43.6% versus 30.7%; P < 0.001); frequently received drugs
different from CTLA4, PD-1, PD-L1 or their combination
(7.1% versus 1.4%; P < 0.001) and developed AKI more often
than those who survived (20.7% versus 9.9%; P < 0.001)
(Table 4). Among patients who developed AKI (n=118),
69.5% had died at the end of follow-up versus 49.1% among
patients without AKI (P < 0.001).

Actuarial survival analysis was performed to investigate risk
factors for mortality in our cohort. Univariate Cox analysis
showed that melanoma, lung and urogenital cancer were pro-
tective risk factors for mortality when compared with other
types of malignancies, as well as treatment with PD-1, PD-L1 or
a combination of CTLA4 with PD-1 or PD-L1 when compared
with other CPI drugs. The presence of AKI was a risk factor for
mortality in this analysis (Figure 2). Multivariate Cox survival
analysis including age, gender, type of malignance, type of CPI
and AKI was performed. Melanoma, lung and urogenital cancer
were identified as independent protective factors for mortality
when compared with other types of cancer, as well as treatment
with PD-1, PD-L1 or a combination of CTLA4 with PD-1 or
PD-L1 when compared with other CPI drugs. Finally, a single
AKI episode was identified as an independent risk factor for
mortality in CPI-treated patients [HR 1.606 (95% CI 1.254-
2.057); P < 0.001] (Table 5).

DISCUSSION

This is one of the largest published series that evaluates AKI in
a cohort of >700 patients receiving CPI at a single centre. As
far as we know, this is the first study to establish that AKI repre-
sents a risk factor for mortality in patients receiving CPI thera-
pies for different malignancies.
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In our cohort, 15.5% of patients undergoing CPI treatments
developed an AKI at a mean time of 3.5 months after starting
these drugs. Our results are in concordance with recently pub-
lished studies where a wide range of variability in the incidence
of CPI-AKI was described (between 2% and 18%) [7, 14, 15].
While the first studies described rates of AKI of 2-4% [7], later
series described rates of 17-18% [14, 15]. The wide range of var-
iability described in AKI associated to CPI may be ascribed to
different causes, such as patients only followed by oncologists,
patients included in randomized clinical trials (RCTs) where
the AKI definition was slack and mild AKI was not considered
following the American Society of Clinical Oncology Guideline
definition [16].

When studying the severity of AKI episodes, 41.5% of our
patients developed moderate to severe AKI (Stages 2 and 3) but
only 28 patients were referred to a nephrologist and 10 under-
went a kidney biopsy. In agreement with our study, Munoz-
Meraz et al. [14] described rates of moderate to severe CPI-
related AKI as high as 47%. There is a tendency to avoid ne-
phrology consultation and to start steroids without biopsy-
proven or nephrologist-attributed CPI-AKI; of 118 patients,
only 22 (23.7%) were referred to nephrologists. In our opinion,
an effort should be made to consolidate onconephrology as a
subspecialty and to create work groups that will help with the
diagnosis of CPI-associated AKI and subsequently determine
the proper directed treatment, avoiding the empiric one to each
patient [17]. Multidisciplinary teams to take care of CPI toxic-
ities are urgently needed [16].

In CPI-treated patients, rates of AKI directly attributed to
CPI are only 2-3% [11, 15], which means that most of AKIs in
these patients are haemodynamic/ischaemic or of unknown
cause, as Seethapathy et al. [15] showed. Despite recommenda-
tions by the American Society of Clinical Oncology [18] of em-
pirical early steroid treatment, we agree with Cortazar et al. [13]
that CPI-AKI should be confirmed by kidney biopsy if possible
or, if not, the AKI patient should be evaluated by an experi-
enced nephrologist. Oncological patients are very fragile and
present multiple comorbidities, so they are at high risk of steroi-
dal adverse effects. Kidney biopsy in AKI patients under CPI
treatment is needed to diagnose CPI-associated disease and
subsequent treatment, to help to determine CPI treatment
rechallenge and to establish a renal prognosis (established histo-
logical chronic lesions).

In our study, the risk factor identified for AKI in CPI-treated
patients was baseline renal function, a surrogate of renal reserve
[19]. There are only three big studies where risk factors for AKI
related to CPI are analysed [13-15]. Cortazar et al. [13] found
that baseline renal function, the use of PPIs and a combination
of two or more CPIs were independent risk factors for the de-
velopment of AKI, while other series found PPI treatment [15],
the presence of previous irAEs and hypertension [14].
Interestingly, hypertensive patients could also be considered to
have diminished renal reserve, such as those with impaired
baseline renal function and elderly patients [20]. In our study,
hypertension was more frequent in patients who developed
AKT; however, it was not identified as a risk factor after adjust-
ing for confounding factors. The presence of other irAEs or the

combination of CPI drugs may in part be surrogates of individ-
ual tolerance to immunomodulation. Surprisingly, in our study,
CPI combination was not a risk factor for AKJ; this result may
be ascribed in part to the small number of CPI patients under
combination therapy. The association between PPIs and ne-
phritis is not well understood but it has been constant in the lit-
erature, both alone [12, 21] and in combination with CPIs [10].

In our cohort, mortality at the end of the follow-up was very
high (52.3%) but was similar to another series where mortality
was 72% [14]. In our study, the higher mortality could be par-
tially ascribed to the characteristics of the oncology department
in our centre. The oncology department in our centre carried
out the most RCT's in our country, mainly in Phase I, thus some
refractory patients from around Spain in the last line of therapy
are referred for treatment. In addition, CPI treatment is cur-
rently being studied for several severe metastatic malignancies.
It should be noted that patients with CPI rechallenge had an in-
creased survival prognosis. This may be ascribed in part to the
fact that these patients may have had a better clinical status pre-
viously as compared with the non-re-treated patients. However,
these results are based on a small sample of patients (n = 10),
thus one cannot draw further conclusions.

To our knowledge, this study is the first that identified AKI
as an independent risk factor for mortality in CPI-treated
patients. Patients developing AKI had a 1.6 greater risk of mor-
tality than patients without AKL In addition, mortality during
the follow-up in patients who developed AKI was almost 70%
while mortality in patients without kidney disfunction was
<50% (P < 0.001). These data could be interpreted in two dif-
ferent ways: that patients who developed AKI had a worse base-
line overall health status and, because of that, their mortality
rate was higher, or that AKI is responsible for worsening of the
overall status of patients, resulting in death. Of the patients who
survived >6 months after AKI and were followed up (n=45),
most of them (n=38) showed a complete recovery of renal
function. However, it is worth mentioning that these data mean
that only 32% of patients with AKI survived >6 months after
the episode without recovery of kidney function, indicating that
only this 32% of patients could be enrolled for new treatments
or clinical trials after AKI. Thus AKI marks the mortality and
oncologic disease evolution of patients undergoing CPI
treatments.

Rodriguez et al. [22] studied >300 patients who developed
AKI during hospitalization with complete recovery of renal
function at hospital discharge. They followed these patients for
up to 4 years and found that 34% developed a second AKI epi-
sode and 17.5% developed CKD. Furthermore, 34.7% had died
at the end of follow-up and causes of death were cardiovascular
disease (38%) and neoplasia (27.3%). Patients with recurrent
AKI were at higher risk of death. A meta-analysis including
>47000 patients also showed a higher risk of mortality in
patients who developed AKI, both transient and persistent AKI,
and despite renal recovery [23], with an HR of 1.6. Another
study by Bucaloiu et al. [24] including >30000 patients also
revealed an increased risk for mortality in patients who pre-
sented a reversible AKI (HR 1.5) as well as AKI was a risk factor
for CKD. These data demonstrate that a single renal event has a
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negative impact on patient survival in a cohort of the general
population. Consequently, in oncologic patients, a very fragile
population whose survival is compromised due to their malig-
nancies, AKI has a great impact on mortality, as we have dem-
onstrated, with similar risk to AKI in the general population
(HR 1.6) but higher mortality rates in both AKI and non-AKI
patients because of their baseline comorbidities.

Regarding renal function recovery, Cortazar et al. [13] found
that 60% of patients did not achieve complete renal recovery
and only 23% were re-treated with CPI after AKI, implying that
77% no longer received CPI as cancer treatment. The absence
of kidney recovery was associated with higher mortality, but
authors did not explain if this increase was related to cancer
progression or CKD. Our study and Cortazar et al.’s [13] point
to AKI and non-recovery from AKI as risk factors for mortality.
One may surmise when these results are takne together that the
worse prognosis in these patients is associated with the CKD
secondary to AKI, which worsens the survival prognosis and
makes it difficult for CPI rechallenge and subsequently drives
malignancy progression secondary to the kidney injury.

Although our study is one of the largest analysing patients
receiving CPI who presented with AKI and the first that
describes a single episode of AKI as a risk factor for mortality, it
has some limitations. We acknowledge its retrospective charac-
ter and short follow-up. Furthermore, it is a single-centre study
and our centre is a reference centre, a fact that could reflect a
more severe scenario. It is also possible that some mild AKI is
managed in smaller hospitals. There is also a very low nephrol-
ogy referral rate. Patients who did not develop AKI were not
evaluated for proteinuria/haematuria, so we could be missing
some renal adverse events. Our population was predominantly
Caucasian, which could also result in bias.

In conclusion, we provide new data demonstrating that a
single AKI episode is a risk factor for mortality in CPI-treated
patients. Baseline renal function was identified as a risk factor
for an AKI episode in CPI-treated patients in our study, where
the rate of AKI related to CPI therapies was 15.5% of treated
patients. Our results suggest that onconephrology specialty de-
velopment and consolidation are urgently needed to improve
the diagnosis and management of renal adverse effects in
patients undergoing new oncological treatments.
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Abstract: Background: Currently, following the new advances in cancer treatments and the increasing
prevalence of kidney disease in the population, more kidney biopsies are being performed. The aim
of our study is to analyze clinical and histological characteristics of patients with active solid organ
malignancy who underwent kidney biopsy. This is a multi-center collaborative retrospective study
supported by groups GLOSEN/Onconephrology from the Spanish Society of Nephrology. Clinical,
demographical and histological data were collected. Results: A total of 148 patients with cancer who
underwent a kidney biopsy from 12 hospitals were included. 64.3% men and mean age of 66.9 years
old. The indications for biopsy were acute renal injury (67.1%), proteinuria (17.1%), exacerbated
chronic kidney disease (8.2%), and chronic kidney disease (7.5%). Most frequent malignances were
lung (29.1%) and abdominal (25%), with 49.7% metastatic cancer. As oncospecific treatment, 28%
received chemotherapy, 29.3% immunotherapy, 19.3% specific therapies, and 2.1% conservative
treatment. At the time of kidney biopsy, median creatinine was of 2.58 mg/dL [1.81-4.1 (IQ 25-75)],
median urine protein-to-creatinine ratio of 700 mg/g [256-2463 (IQ 25-75)] and 53.1% presented
hematuria. The most frequent renal biopsy diagnoses were: acute interstitial nephritis (39.9%), acute
tubular necrosis (8.8%), IgA nephropathy (7.4%) and membranous nephropathy (6.1%). Median
follow-up was 15.2 months [5.7-31.4 (IQ 25-75)]. Conclusions: There is a new trend in kidney disease
and cancer patients in terms of diagnosis and treatment. Acute interstitial nephritis has established
itself as the most common kidney injury in patients with cancer who underwent a kidney biopsy.
Renal biopsy is a valuable tool for diagnosis, treatment, and prognosis of solid organ cancer patients
with kidney damage.

Keywords: onconephrology; renal pathology; kidney biopsy; solid organ neoplasm
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1. Introduction

The relationship between cancer and kidney disease is bidirectional, which increases
mortality and morbidity in a pool of high complexity patients [1]. Recently, the cancer
paradigm has changed. The advances in cancer prevention, knowledge of the immunologi-
cal biology of tumors, and new treatment possibilities have led to an improvement in the
life expectancy of patients with cancer [2]. However, these new oncological treatments are
often linked to adverse renal events that require nephrological evaluation [3-5].

At a onconephrology clinic, nephrologists must usually answer the question about the
etiology of the renal event in the patient with cancer. The cancer itself could be responsible
for the renal disease. However, the oncospecific treatment could also be related to the
kidney injury. Furthermore, sometimes, the nephrologist, depending on the renal diagnostic
suspicion, should recommend the discontinuation (or not) of the oncologic drugs.

A total of 15-17% of patients who are treated with checkpoint inhibitors develop
acute kidney injury [6,7], mainly secondary to immune-mediated acute nephritis [8-12]
but also associated with glomerular damage [13]. The presence of AKI (Acute Kidney
Injury) in these patients has been associated with increased mortality risk [7]. This renal
damage induced by new treatments is frequently treatable, and kidney function can be
recovered [14]. For these reasons, the study of specific clinical and histologic patterns is
needed to guide more specific therapies and to reach better outcomes.

The recommendations for kidney biopsy in patients with cancer have been recently
updated [15]. Currently, kidney biopsy is recommended in those who present with new-
onset proteinuria >1 g per day or worsening renal function when the diagnosis of kidney
disease cannot be otherwise established. Furthermore, the indication for kidney biopsy
in patients with cancer and a good prognosis should be similar to the general population.
To our knowledge, in previous studies, few series reporting kidney biopsies in patients
with advanced cancer have been published; thus, it is difficult to draw conclusions from
the available information.

Collecting retrospective data on histologic patterns and clinical evolution of patients
with cancer who underwent kidney biopsy could help the nephrology community to
understand the change in kidney damage linked to the transformation of oncology that
is happening nowadays [16]. The aim of our study is to explore the clinical and renal
histologic characteristics of patients with cancer who underwent a kidney biopsy in Spain
in the last decade, as well as treatments and their renal and general outcomes.

2. Materials and Methods
2.1. Sample Selection

We conducted a retrospective multicenter observational study of patients with solid
organ neoplasia who underwent a renal biopsy of the native kidney in Spain between
January 2010 and March 2021. Patients were followed up until May 2021. All of the
patients older than 18 years old who underwent a kidney biopsy while presenting a solid
organ malignancy were eligible except those with a previous kidney transplant. Biopsies
performed the year before the diagnosis of neoplasia were included. We included patients
from nephrology departments belonging to the Spanish Glomerular Study Group and/or
Spanish Onconephrology Study Group. The Ethical Committee of Vall d"'Hebron University
Hospital approved the study protocol (PR(AG)260/2019).

2.2. Clinical Variables

Clinical and laboratory data were evaluated at the time of kidney biopsy. Demographic
and clinical data, including age, sex, ethnicity, high blood pressure, diabetes mellitus,
cardiovascular disease, and regular chronic medications, were collected. Oncological
disease characteristics were also recorded, as well as laboratory parameters. Baseline
creatinine was defined as the last measurement before the renal event that motivated the
biopsy. AKI was defined according to the Kidney Disease Improving Global Outcomes
(KDIGQ) criteria [17].
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2.3. Statistical Analysis

The data were analyzed using IBM SPSS Statistics Version 25.0. IBM Corp., Armonk,
NY, USA. The Kolmogorov-Smirnov test was applied to determine whether quantitative
variables were normally distributed. The results were expressed as frequencies for cat-
egorical variables and as mean &+ standard deviation (SD), or median and interquartile
range (IQR), for continuous variables. The comparison of continuous variables between
two groups was performed by either a Student’s T or Mann-Whitney U, depending on the
distribution of the variable. A Cox survival analysis adjusted for clinical conditions was
performed to identify risk factors associated with mortality. A two-sided p-value < 0.05
was considered statistically significant.

3. Results
3.1. Baseline Chracteristics of Population

A total of 148 patients from 12 Spanish hospitals were included in the study (baseline
characteristics three months before renal biopsy 99.5 days [40.50-215.75 (IQ 25-75)] as
shown in Table 1 and Table S1). The mean age was 66.9 years old at the time of biopsy,
and 64.2% were men, 29.7% had diabetes, 62.2% had high blood pressure, 12.2% were
under non-steroidal anti-inflammatory drugs treatment, and 62.8% were receiving renin-
angiotensin system blockers. The median baseline creatinine was 1 mg/dL, and 15.5% of
patients presented baseline creatinine > 1.5 mg/dL. The most frequent malignancies were
lung (29.1%), abdominal (25%), genitourinary (19.6%), and melanoma (10.8%). Overall,
49.7% of patients had metastatic disease at the moment of kidney biopsy. The oncospecific
treatment prior to kidney biopsy is summarized in Figure 1.

Table 1. Baseline characteristics of the studied population.

Sample Size

148 Patients

Age 66.9 (SD £ 10.5)
Gender 64.2% men
Diabetes mellitus 29.7%
Arterial hypertension 62.2%
Systolic blood pressure 131 [120-146.2 (IQ 25-75)]
Non-steroidal anti-inflammatory drugs 12.2%
Renin-angiotensine aldosterone system blockade 62.8%

Cr prior to kidney biopsy (mg/dL)
Median Glomerular Filtration Rate by CKD-EPI
(mL/min/1.73 m?)

1[0.82-1.3 (IQ 25-75)]
61 [24.7-83.8 (IQ 25-75)]

Cr prior to kidney biopsy > 1.5 (mg/dL) 15.5%
Malignancies
-Lung 29.1%
-Melanoma 10.8%
-Abdominal 25.0%
-Genitourinary 19.6%
-Others 15.5%
Oncological status
-In remission 15.2%
-Free from disease 25.5%
-Stable 24.1%
-In progression 35.2%
Metastatic neoplasm at the time of kidney biopsy 49.7%

Quantitative variables are expressed as mean = standard deviation (SD) or median [Interquartile (IQ) 25-75]
depending on the normality of variables. Cr: Creatinine; SD: standard deviation.

3.2. Administered Therapies

Briefly, the most frequently used therapies were chemotherapy (28%), immunotherapy
(29.3%), and specific targeted therapies (19.3%). Overall, 54 patients included were treated
with checkpoint inhibitors (CPI), and in 22.3% of them, two CPI drugs were administered.
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At the time of kidney biopsy, median creatinine was 2.58 mg/dL (21.8 mL/min/1.73 m?
glomerular filtration rate) and the median urine protein/creatinine ratio was 700 mg/g,
while 23% of patients presented with nephrotic-range proteinuria. Furthermore, 53.1%
presented hematuria, 10.8% eosinophiluria, and 6.8% hemolytic anemia and/or low platelet
count. Autoimmunity workup revealed that 6.8% of patients presented positivity for
antineutrophil cytoplasmic antibodies and 10.1% showed decreased serum levels of C3
and/or C4; these data are summarized in Table 2.

C tive 2.19
onservative 2.1% Radiation therapy 6.4%

Chemotherapy Surgery 11.2%

28%

Specific therapies
antiVEGF, inh RAS/MEK,
inhTK) 19.3%

Checkpoint
inhibitor 29.3%

Figure 1. Oncospecific treatment prior to kidney biopsy. Types of treatments received by patients
before undergoing kidney biopsy.

3.3. Renal Biopsy Diagnosis

After evaluation by nephrology, the most frequent indication for renal biopsy was
acute renal failure, in 67.1% of cases; 51% presented with AKI 1, 17% AKI 2, and 31% AKI
3. Renal biopsy was indicated in 7.5% of patients with stage G3a and G3b chronic kidney
disease, while exacerbated chronic kidney disease led to histopathological analysis in 8.2%.
Proteinuria was the indication for renal biopsy in 17.1%, and three patients presented with
nephrotic syndrome.

The mean time between the diagnosis of neoplasia and renal biopsy was of 1 year
[0.6-2.4 (IQ 25-75)]. The diagnosis of renal disease preceded the diagnosis of neoplasia in
only six patients. The most frequent kidney histological diagnosis was acute interstitial
nephritis (AIN) (39.9%), followed by acute tubular necrosis (8.8%), IgA nephropathy (7.4%),
membranous nephropathy (6.1%), and thrombotic microangiopathy (5.4%) (Table 3). Acute
interstitial nephritis was more frequently observed in the period from 2017 to 2021 as
compared with the period from 2010 to 2016 (p = 0.001) (Supplementary Figure S1).

The nephrologist’s opinion about the etiology of the renal event was recorded. Accord-
ing to this, 56% of the diagnoses were secondary to the antineoplastic treatment that the
patients were receiving at the time of the kidney biopsy. The most frequently responsible
drugs were: immunotherapy (CTLA4 + PD1/PD1/PD-L1), MEK/B RAF inhibitor, and tyro-
sine kinase inhibitor in patients who developed biopsy-proven AIN. Acute tubular necrosis
was related to oxaliplatin, alectinib, and capecitabine, while VEGF (Vascular Endothelial
Growth Factor) was responsible for thrombotic microangiopathy.
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Table 2. Clinical and laboratory characteristics at the time of renal biopsy.

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Median creatinine (mg/dL)
Median Glomerular Filtration Rate by
CKD-EPI (mL/min/1.73 m?)
Urine protein/creatinine ratio (mg/g)
Urine albuminuria/creatinine ratio (mg/g)
Nephrotic range proteinuria
Hematuria
Eosinophiluria
Leukocyturia
ANCA (Neutrophil cytoplasmic antibodies)
Antinuclear antibodies
Low C3 and/or C4 serum levels
C3 mg/dL (85-180)

C4 mg/dL (10-40)
pH
Bicarbonate
K (mmol/L)

Na (mmol/TL)

Ca (mg/dL)

Mg (mg/dL)

P (mg/dL)

Hb (g/dL)

Platelets (x10%/L)
Haemolytic anemia and/or low platelet

131 [120-146.2 (IQ 25-75)]
74 [68-81.2 (IQ 25-75)]
2.58 [1.81-4.1 (IQ 25-75)]

21.8 [12.7-34 (IQ 25-75)]

700 [256-2463 (IQ 25-75)]
220 [46-1196 (IQ 25-75)]
23%

53.1%

10.8%

31.8%

6.8%

13.5%

10.1%

127.2 (SD + 36.8)
28.8 (SD = 9.6)

7.35 [7.29-7.39 (IQ 25-75)]
21.7 (SD =+ 4.9)

4.2 [4.0-4.7 (IQ 25-75)]
138.1 [136-140 (IQ 25-75)]
8.9[8.5-9.3 (IQ 25-75)]
1.9 [1.7-2.2 (IQ 25-75)]
4.1 [3.4-5.3 (IQ 25-75)]
10.7 (SD =+ 2.2)
233.5 [189-312 (IQ 25-75)]
6.8%

Quantitative variables are expressed as mean = standard deviation (SD) or median [Interquartile (IQ) 25-75] de-
pending on the normality of variables. C: Complement; K: potassium, Na: sodium, Ca: calcium, Mg: magnesium,

P: phosphate, Hb: hemoglobin.

Table 3. Kidney biopsy diagnosis.

Pathological Diagnosis N (%)
Acute interstitial nephritis 59 (39.9)
Acute tubular necrosis 13 (8.8)
IgA nephropathy 11 (7.4)
Membranous nephropathy 9(6.1)
Thrombotic microangiopathy 8(54)
Extracapillary glomerulonephritis 8(5.4)
Amyloidosis 7(4.7)
Nephroangiosclerosis 6(4.1)
Membranoproliferative glomerulonephritis 4(2.7)
Diabetic nephropathy 4(2.7)
Vasculitis 3(2)
Not classifiable 3(2)
Focal and segmental glomerulosclerosis 3(2)
Cancer cells infiltration 2(1.4)
Sclerosing (Chronic kidney disease) 2(1.4)
Normal 2(1.4)
Chronic interstitial nephropathy 1(0.7)
Endocapillary glomerulonephritis 1(0.7)
Minimal change disease 1(0.7)
Mesangial glomerulonephritis 1(0.7)

A total of 13% of the renal events were secondary to the cancer itself, highlighting
several cases: dominant IgA post-infectious glomerulonephritis after abscess secondary to
resection of pulmonary metastasis, membranous nephropathy in the case of bladder and
anal epidermoid neoplasia, amyloidosis in intestinal cancer, as well as diverse extracapillary

glomerulonephritis and thrombotic microangiopathy secondary to gastrointestinal cancer.
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Finally, in 31% of patients, kidney pathology was not related to cancer or its treatment.
(Table 4 and Supplementary Figure 52).

Table 4. Kidney disease associated with cancer patients.

Kidney Disease Secondary Kidney Disease Secondary

to Oncological ’ to Anticancer Drugs Others
Process—Paraneoplastic
Extracapillary GN
AIN Ie A 1 th
Membranoproliferative GN T™MA & neg;;lopa y
Acute b Amylmdos;s h ATN Membranoproliferative GN
Kidney Membranous nephropathy Chronic interstitial Vasculitis
. . IgA Nephropathy
injury Bt illary GNI nephropathy
X rac%%;ry No classificable Amyloidosis
Extracapillary GN ATN
Extracapillary GN No classificable
Nephroangiosclerosis Nephroangiosclerosis
IgA nephropathy
Chronic Focal and segmental
kidney No case AIN glomerulosclerosis
disease Nephroangiosclerosis
Sclerosing
Exacerbated chronic Amyloidosis
kidney Extracapillary GN AIN Normal
disease AIN
Membranous nephropathy
IgA nephropathy
TMA
s Amyloidosis TMA Focal and Segmenfial
Proteinuria Membranolue nephropath Membranous nephropath glomerulosclerosis
§ nephiropatiy S nephropatiy Mesangial GN
Nephroangiosclerosis
Sclerosing

Membranoproliferative GN

Acute interstitial nephritis (AIN); Thrombotic microangiopathy (TMA); Acute tubular necrosis (ATN).

There were 59 patients diagnosed with AIN: 66% (1 = 39) was secondary to treatment
with immunotherapy, and the remaining 34% (1 = 20) was mainly due to antibiotics and
other anticancer drugs, as detailed in Table 5 and Supplementary Figure S2. Interestingly,
15 patients received immunotherapy, but the renal biopsy revealed another pathology
different from AIN: nephroangiosclerosis, acute tubular necrosis, membranous nephropa-
thy, endocapillary, and extracapillary glomerulonephritis, IgA nephropathy, thrombotic
microangiopathy, and amyloidosis.

Table 5. Causes of acute interstitial nephritis not secondary to immunotherapy.

Meropenem, Ciprofloxacin,
Vancomycin, Cefepime

MEK B-Raf inhibitor (n = 2), Bacillus Calmette
Guerin (n = 3), Tyrosine Kinsae Inhibitor (n = 3),
Anti-vascular endothelial growth factor (1 = 4)

and Carboxyplatin.

Antibiotics (n = 4)

Non-immunotherapy antineoplastics (n = 13)

Non-steroidal Anti-inflammatory drugs,

Others (n = 3) . .
Sarcoidosis, unknown cause.

We did not find any relation between the renal diagnosis and the type of neoplasia
(Figure 2).
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Acute interstitial nephropathy

Acute tubular necrosis

IgA nephropathy

Thrombotic microangiopathy
Membranous glomerulonephritis
Extracapillary glomerulonephritis
Nephroangiosclerosis

Amyloidosis

Sclerosing (Chronic kidney disease)
Vasculitis

Membranoproliferative glomerulonephritis
Normal

Focal and segmental glomerulonephritis
Not classifiable

Chronic interstitial nephropathy
Diabetic nephropathy

Mesangial glomerulonephritis
Endocapillary glomerulonephritis
Minimal change disease
Tumoral infiltration

0 10 20 30 40 50 60 70

M Lung Melanoma Other Abdominal Genitourinary

Figure 2. Pathological diagnosis based on the type of cancer. Classification of renal histological
diagnoses in relation to the solid organ neoplasm of the patient.

After kidney biopsy, 104 patients out of the 148 were specifically treated according
to the renal diagnosis. A total of 59 (100%) patients with acute interstitial nephritis were
treated with steroids; 21 (35.6%) of them received intravenous methylprednisolone pulses.
In two cases, mycophenolate mofetil was also administered. The median duration of
steroids treatment was 3.7 [1.8-9.3 (IQ 25-75)] months. The subanalysis of the 52 cases of
AIN secondary to oncological treatment evidenced that 21% (1 = 11) relapsed at a median
time of 3.6 months ([2.4-5.2 (IQ 25-75)]. In more than half (1 = 6), the recurrence occurred
within the corticosteroid withdrawal, and in two cases, the relapse was related to CPI
re-start despite steroids.

A total of nine patients were diagnosed with membranous nephropathy. In only one
patient, the renal diagnosis preceded the cancer diagnosis by five months. In two cases,
membranous nephropathy was associated with drugs, and the anti PLA2R was negative:
one with non-steroidal anti-inflammatory drugs (NSAIDs) and the other with anti-PD1. In
the first case, the patient received treatment with empirical corticosteroids until the result
of the kidney biopsy, which was withdrawn with subsequent complete remission. In the
second case, immunotherapy (nivolumab) was removed, and the patient was treated for
one month with corticosteroids at 0.5 mg/kg/day, and complete remission was achieved.
The other seven patients were: four antiPLAR positive, one antiPLAR negative, and two
unknown. In primary membranous nephropathy, the treatment administered in three cases
was rituximab. (Figure 3, Table 6).

Half of the patients with thrombotic microangiopathy (8) received immunosuppressive
treatments: eculizumab (n = 2), steroid (1 = 1) and plasmapheresis (i = 1). Two of those
required temporary dialysis despite the treatment. The renal damage was associated with
gemcitabine in two patients and anti-VEGEF in the rest.
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+(n=4)
Membranous - (n=3)
Nephropathy PLA2R
Unknown (n=2)
Figure 3. Antiphospholipase A2 antibodies in patients with membranous nephropathy.
Table 6. Clinical features membranous nephropathy.
Cancer T1me3 Kidney Clinical Features PLA2R Treatment Renal Cancer
Biopsy Outcome Outcome
. Crlmg/dL I Progression to .
Sigma +2 years Prot 1.0893 mg/g + Rituximab CKD Progression
Gastrointestinal +1 week Cr 0.8 mg/dL . Neoplasm No remission Death 5 months
stromal tumor Prot6g/24h treatment ¢ - later
. Cr1.06 mg/dL Neoplasm Partial Progression and
Anal Previous 5 month Prot2.630 mg/g Unknown treatment remission death
Bladder +3 month Cr12mg/dL + Rituximab Con}pl.ete Progression
Prot 7.800 mg/g remission
Bladder +4 years Cr3.34 mg/dL - Rituximab Pa;t1a‘11 Pa.rtlél
7 Prot9.100 mg/g remission remission
Corticosteroids .
Intestinal +2 years Cr2.6 rr}g/dL Unknown and cyclophos- Pa}‘tlé.ll Progression
7 Prot8.034 mg/g S remission
phamide
Cr43lmg/dL B Empirical Complete
Bladder +8 month Prot 13.840 mg/g corticosteroids remission
Cr 0.7 mg/dL N .
Breast +5 month Prot 7886 mg /g + Rituximab Relapse Stable disease
Melanoma +8 years Cr 1.7 mg/dL — Corticosteroids Con}pl‘ete
/ Prot 1400 mg/g remission

All patients with extracapillary glomerulonephritis (1 = 8) were treated with corticos-
teroids; four of them were treated with cyclophosphamide and three with rituximab.

Two patients with IgA nephritis were also treated with steroids. Table 7 summarizes
the causal drugs of renal pathology in this series.

Table 7. Drugs associated with kidney disease.

Drug Histopathological Diagnosis
Anti CTLA4 + PD1/PD-1/PD-L1 AIN, Extracapillary GN, Membranous nephropathy.
Pemetrexed Chronic interstitial nephropathy
Emactuzumab No classificable
Cisplatin Nephroangioesclerosis
MEK/B-RAF AIN
Anti VEGF TMA
Oxiplatino ATN
Alectinib ATN
Capetitabine ATN
Gemcitabine TMA
Tyrosine kinase inhibitor AIN
Bacillus Calmette Guérin AIN
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The mean follow-up was 15.2 months [5.7-31.4 (IQ 25-75)]. A total of 29 patients
(18.9%) required kidney replacement therapy. There was an association between the
presence of hematuria and the presence of nephrotic proteinuria with the requirement of
renal replacement therapy (p = 0.003 and p = 0.006, respectively). Median creatinine at
the end of the follow-up was 1.4 mg/dL [1.03-2.15 (IQ 25-75)], and 39.1% of patients had
died. Of note, three months after the kidney biopsy, 33.8% of the patients had a serum
creatinine > 1.5 mg/dL, while this percentage was 15.5% in baseline kidney function. At
the end of the follow-up or before their death, 43.9% of the patients showed a serum
creatinine > 1.5 mg/dL. The Cox survival analysis identified the presence of metastasis as a
risk factor for mortality in our study (p = 0.006).

4. Discussion

As far as we know, this is the first multicenter study that analyzes the histologic and
clinical patterns of kidney damage in patients with cancer submitted to a kidney biopsy
over the last decade.

The main finding of this study is the evidence that the kidney pathology in pa-
tients with cancer is changing. Classically, membranous nephropathy was considered
the paradigm of paraneoplastic kidney disease [18], and hemodynamic and urological were
commonly detected as causes of acute kidney injury in this group of patients. However,
our study demonstrates that almost 40% of patients with cancer who underwent a kid-
ney biopsy in the last ten years had acute interstitial nephritis, mainly in patients under
immunotherapy treatments. In general, we found that kidney disease was secondary to
oncological treatment in 56% of patients and only related to cancer in 13%. In the first case,
the drug responsible was withdrawn in 90% and subsequently reintroduced in 24%. These
results could be due to the increased use of immunotherapy in oncological patients, being
the first-line drugs for some tumors.

Acute interstitial nephritis is an entity secondary to checkpoint inhibitors or other
classical drugs, which is easily treatable with steroids, and usually has a good prognosis
if it is diagnosed early [8,9]. In our study, 21% of the patients suffered a recurrence in
the following 3.6 months after discontinuation of the drug. Differentiating ATN from
AIN in patients receiving immunotherapy or in those who had received it in previous
lines of treatment is highly important to avoid temporary discontinuation of the drug or
unnecessary corticosteroid treatment. Although biomarkers are being developed to help
to differentiate these entities, such as IL-9 or TNF-alpha in urine [19,20], kidney biopsy
remains the gold standard, providing prognostic information and discarding other less
frequent entities. As suggested by the latest published works, kidney biopsies should be
strongly considered if there are several alternatives that justify acute kidney failure [21]. If
the patient is in a palliative situation and a renal event different from ATN is suspected,
treatment with empirical corticosteroids would be a reasonable option.

IgA nephropathy was the second most common diagnosis, probably as a reflection of
kidney disease causes in the general population [22] that could be extrapolated to oncologic
patients. It is important to highlight that thrombotic microangiopathy was also present in
more than 5% of patients, probably in relation to the use of anti-VEFG drugs. In addition,
almost 10% of biopsies showed acute tubular necrosis, which is a well-known cause of AKI
in these patients.

When we analyzed all of the patients included in the study, we observed that 119 of 148
patients had potentially-treatable kidney disease (acute interstitial nephritis, IgA nephropa-
thy, thrombotic microangiopathy, or another acute glomerulonephritis). Evaluation by a
nephrologist with expertise in onconephrology could help find an etiological diagnosis of
renal dysfunction in patients with cancer, avoiding diagnostic delays and improving renal
prognosis. A better renal outcome would probably be linked to an increased number of fu-
ture oncospecific treatments, generally limited by renal function (Figure 4). The proportion
of patients who recovered renal function during the follow-up or before their death was as
high as almost 60%, suggesting that kidney biopsy is useful for establishing therapeutic
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plans that lead to renal function improvement. Despite the good renal outcome, in our
series, the mortality at the end of follow-up was 39%. However, this high mortality was
mainly ascribed to the advanced cancer stage and not to the kidney disease “per se”.

The indication for kidney biopsy in patients with cancer and a
good prognosis should be similar to general population.

More than 80% have a treatable kidney disease

r In the last decade there has been an increase in acute
‘]r’ interstitial nephritis in this population, secondary to

immunotherapy.
The proportion of patients who recovered renal function
& during the follow up or before their death were as high as
almost 60%.

Figure 4. Kidney biopsy in cancer patients. Proposed beneficial results of performing a kidney biopsy
in cancer patients with kidney disease.

As previously known, the prevalence of CKD in patients with cancer is increasing
compared with the general population [23]. In our series, 15.5% of the patients presented a
baseline creatinine > 1.5 mg/dL, which translates to an incidence of CKD in our population
of at least 15.5%, and probably higher since we are not considering lower creatinine values
or proteinuria. This result is similar to the Belgian BIRMA study, which showed that 18% of
cancer patients presented glomerular filtration lower than 60 mL/min [23]. In concordance,
Canter et al. also showed that 22% of patients with cancer presented CKD stage 3 in the
USA [24].

It is interesting to mention that three months after the kidney biopsy, only 33.8%
presented a creatinine > 1.5 mg/dL, possibly due to the pathological diagnosis of kidney
disease and its appropriate targeted treatment, highlighting the importance of accurate
nephrological evaluation in patients with cancer and de novo kidney disease.

The main reason for submitting a cancer patient to kidney biopsy was acute kidney
failure [25-27]: classically, between 12% and 27% of oncologic patients develop AKI [28].
More recently, an increase in the incidence of AKI in cancer patients has been observed,
from 18 to 52 cases per 1000 people-years from 2007 to 2014 [29]. This increase may be in
part ascribed to the use of new therapies [7]. In the near future, the incidence of AKI in
this population is reasonably expected to grow since today, the commonly used therapies,
such as immunotherapy, are known to be linked to AKI episodes [11]. Furthermore,
nowadays, patients submitted to oncological treatments are generally older and present
with increasing comorbidities, such as type 2 diabetes or hypertension, which increase the
risk of kidney failure.

Our study has several limitations. It is a retrospective study of a single medium-sized
European country, so it may not apply to other regions with diverse populations and very
different health systems. The information was obtained through the review of the clinical
history, which could cause a lack of data. The strong point of the study, however, is that
it is a multicenter study assessing the kidney biopsies performed in patients with cancer
in the last ten years. Furthermore, this study is the first that analyzes only patients with
cancer that underwent kidney biopsy, and it represents what is happening in real-world
life medical practice.
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5. Conclusions

Nowadays, there is a new trend in kidney disease and cancer patients. In our multi-
center study, acute interstitial nephritis has been identified as the most common kidney
disease histologic pattern in this population, followed by acute tubular necrosis and IgA
nephropathy. Kidney biopsy in this group of patients provides valuable diagnostics and
drives treatment, leading to a better renal prognosis in these patients. More studies are
needed to increase the knowledge of the diagnosis, treatment, and prognosis of oncologic
patients with kidney damage.
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Supplementary Figure S1

Histological diagnoses and treatments classified into two time periods: 2010 to 2016 and from
2017 to 2021.
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Supplementary Figure S2

Opinion of the nephrologist.
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5. RESUMEN GLOBAL DE LOS RESULTADOS
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La hipotesis del trabajo de investigacion de esta tesis es que los nuevos
tratamientos oncoespecificos implican unas lesiones renales diferentes a las de la
era previa a la inmunoterapia, asi como que el fracaso renal en el paciente con
cancer tiene implicaciones prondsticas. Por ello, como objetivo principal, se ha
establecido la evaluacion de las causas de insuficiencia renal en los pacientes
afectos de cancer y su repercusion en la supervivencia. Se han disefiado para ello

tres estudios describiéndose a continuacion los resultados globales.

En primer lugar, se han analizado todas las biopsia renales realizadas durante un
periodo de 14 meses (marzo 2018 a mayo 2019 en el Hospital Universitario Vall
d’Hebron), siendo un total de ocho. La edad media de los pacientes biopsiados era
de 67 afios, todos ellos con funcién renal normal, excepto uno con ERC estadio
G3a.

Desde el punto de vista oncolégico, la neoplasia mas frecuente en esta serie fue el
cancer de pulmén (n=5), seguida de melanoma (n=2) y pancreas (n=1); cinco
pacientes tenian metastasis en el momento de la biopsia renal. En la mitad de los
casos la inmunoterapia era el tratamiento de primera linea, mayoritariamente en
monoterapia (n=7), siendo el IPC mas empleado Anti-PD-1. El tiempo de latencia
desde la primera dosis de IPC y la presentacién de la lesion renal fue de 5,8 meses
con desviacion estandar (DE) de 3,5 (rango entre 2-11 meses).

La presentacion del dafio renal fue en forma de FRA AKIN-3 en seis pacientes y
AKIN-1 y AKIN-2 en el resto; analiticamente la proteinuria fue subnefrética en el
87% (544mg/g DE 147), eosinofiluria en el 62% y eosinofilia en el 12%; la hematuria
solo se evidencié en dos pacientes y en todos ellos el estudio de extension

autoinmunitario fue negativo.

La lesion histopatoldgica objetivada en todos estos pacientes fue la NIA, y hasta en
el 63% de los casos habia un uso concomitante de AINEs e inhibidores de la bomba
de protones. En cuanto al tratamiento administrado en los pacientes con NIA de
nuestra serie, todos ellos recibieron corticoesteroides a dosis de 1 mg/kg y a tres
pacientes previamente se les administré pulsos de esteroides endovenosos. La
duracion del tratamiento inmunosupresor fue de 4 y 6 meses en dos pacientes,
mientras que el resto seguian bajo tratamiento con corticoesteroides al finalizar el

seguimiento. En el 87% se paro la administracion de IPC sin reintroduccion de éstos
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posteriormente y solo se objetivd una recaida 8 semanas después de haber
finalizado el tratamiento inmunosupresor. A los tres meses de seguimiento después
del evento renal, siete pacientes recuperaron su funcion renal previa y solo uno de

ellos progres6 a ERC. Ningun paciente preciso TRS.

También se evaluaron todos los FRA de pacientes oncologicos bajo tratamiento
con IPC entre marzo 2018 y mayo 2019 con seguimiento hasta abril 2020, siendo
759 pacientes con un seguimiento medio de 14,9 meses (6,69-23,12 (Rango
intercuartil (1Q) 25-75)). La mediana de edad fue de 64 afos (55-71 (IQ 25-75)), Cr
mediana basal de 0,8mg/dL (0,66-0,97 (1Q 25-75)) y el tumor mas frecuente fue el
pulmonar (31,5%), seguido del urogenital y melanoma (20,6% y 10,6%
respectivamente). El IPC mas empleado fue el Anti-PD-1 y el 77,5% de los casos

recibian inmunoterapia en primera linea.

Durante el periodo de seguimiento, el 15,5% (n=118) desarrollaron un FRA sin
diferencias en cuanto a diabetes mellitus, obesidad, tipo de neoplasia o tipo de IPC
respecto al grupo de pacientes que no lo desarrolld, pero si fueron pacientes de
mas edad (66 afios vs. 63), peor creatinina basal (0,88mg/dL vs 0,78) y, con mayor

frecuencia, hipertensos (54% vs. 39%).

Mediante un modelo multivariado ajustado por edad y género, la edad y la funcién
renal basal se identificaron como factores independientes de FRA. En el momento
del diagnéstico de FRA la Cr fue de 1,75mg/dL (1,37-2,53 (IQ 25-75)) y la
leucocituria y hematuria fueron muy frecuentes (88,14% y 79,9% respectivamente).
Més de la mitad de los pacientes (58,5%) presentaron FRA grado 1 segun KDIGO,
la latencia entre el inicio de ICP y el FRA fue de 3,5 meses (1,46-8,22 ((IQ 35-75))
y dos pacientes requirieron TRS al momento del diagnostico de la lesion renal. Tras
la revision de la historia clinica se atribuyo a inmunoterapia el 28,8% de los FRA
(n=34) y 3,4% (n=4) fueron de etiologia obstructiva. En cuanto al tratamiento
administrado, el 22,03% (n=26) recibi6 corticosteroides con una duracion media de
95,8 + 128,5 dias y en cinco casos se asociaron pulsos de esteroides endovenosos.
Los IPC se pararon en el 77,1% (n=91) al momento del FRA y se reintrodujeron

posteriormente en 10 casos, con recidiva del 20% al reintroducir inmunoterapia.

En el modelo univariado, los pacientes a los que se le reintrodujo el IPC tuvieron

mejor pronostico de supervivencia respecto a los que no.



También se realiz6 un andlisis de aquellos pacientes con seguimiento superior a 6
meses que habian presentado un FRA previamente (n=45) objetivando que el
84,4% de ellos habian recuperado su funcion renal basal, aunque con un aumento
significativo de Cr (0,96mg/dL vs. 0,90mg/dl). La mortalidad al finalizar el
seguimiento fue del 52,3%, siendo significativamente mayor en el grupo que
presentd FRA respecto al que no (69,5% vs. 49,1%). Se establecié la presencia de
FRA como factor de riesgo independiente de mortalidad (Hazard ratio 1,606 (95%
intervalo de confianza 1,254-2,057)), segun el modelo de supervivencia
multivariado que incluye edad, genero, tipo de neoplasia, tipo de IPC administrado

y presencia o no de FRA.

Por dltimo, se ha llevado a cabo un estudio multicéntrico retrospectivo sobre la
lesion renal que presentan los pacientes con neoplasia de 6rgano sélido en Espania,
analizando las caracteristicas clinicas e histopatolégicas de un total de 148
pacientes de 12 hospitales. La media de la edad fue de 66,9 afos, un tercio de los
pacientes eran diabéticos (29,7%), dos tercios hipertensos (62,2%) y la Cr mediana
de 1mg/dL (0,8-1,3 ((IQ 25-75)), con un FG basal de 61ml/min/1.73m2. EI
seguimiento medio fue de 15,2 meses (5,7-31,4(1Q 25-75). Casi la mitad de los
pacientes, el 49,7%, tenian enfermedad oncoldogica metastasica. El tratamiento
oncoespecifico recibido fue la inmunoterapia en el 29,3%, quimioterapia en el 28%,
terapias especificas (19,3%) y tratamiento conservador en el 2,1%.

La indicacion para realizar la biopsia renal en la mayoria de las ocasiones fue el
fracaso renal agudo (67,1%), seguido de la proteinuria (17,1%), la ERC agudizada
(8,2%) y la propia ERC no filiada (7,5%). La severidad del FRA en funcion de la
clasificacion KDIGO fue de Grado 1 en el 51%, Grado 2 el 17% y Grado 3 el 31%.
El tiempo medio entre el diagndstico de la neoplasia y la biopsia renal fue de 1 afio,
y en solo 6 pacientes se precedio el diagndstico renal al oncolégico. En el momento
de la biopsia renal la Cr fue de 2,58 (1,8-4,1 (IQ 25-75)) mg/dL, proteinuria de
700mg/g con un 23% de los casos con proteinuria en rango nefrotico y la mitad de

los pacientes presentaban hematuria (53,1%).

El diagnéstico histologico mas frecuente fue el de NIA en el 39,9%, seguido de NTA
(8,8%), GN IgA (7,4%), nefropatia membranosa en el 6,1% y MAT en el 5,4%. Al
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comparar los diagndsticos histolégicos entre el periodo de 2010 y 2016 vs. 2017 y

2021, la NIA fue significativamente mas diagnosticada en el segundo.

Se realiz6 una encuesta a los nefrélogos sobre su opinién en cuanto a la etiologia
del evento renal y en la mitad de los casos (el 56%) la histopatologia renal obtenida
en la biopsia era secundaria al tratamiento antineoplasico administrado. Por otro
lado, en el 13% de los casos se determind, segun la opinién del nefrdlogo, que la
lesion renal era secundaria al propio cancer. En el caso concreto del diagndstico de
NIA, en dos tercios (66%) fue secundario a tratamiento con inmunoterapia y un
tercio a otros farmacos oncoespecificos (Inhibidores de BRAF, Bacillus Calmette
Guérin, Inhibidores de TK, anti-VEGF y carboxiplatino) o antibiéticos. Tras la biopsia
renal, 104 de 148 pacientes recibieron tratamiento especifico desde el punto de
vista nefroldgico. Ademas, el 18,9% requirieron de TRS durante el seguimiento del
estudio, asociandose de manera significativa la presencia de hematuria y de
proteinuria nefrotica. Al finalizar el seguimiento, la Cr fue de 1,4mg/dL (1,03-2,15
(IQ 25-75)) y el 39,1% habian fallecido. La presencia de Cr superior a 1,5mg/dL
paso del 15,5% en el momento basal al 33,8% tres meses después de la biopsia

renal, y por ultimo, al 43,9% al final de seguimiento.



6. RESUMEN GLOBAL DE LA DISCUSION
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Los articulos incluidos en esta tesis se enmarcan en el estudio de la enfermedad
renal del paciente con cancer, aportando informacion sobre la incidencia, el tipo de

presentacion, factores de riesgo e histologia renal.

Laincidenciade FRA relacionado con inmunoterapia se establece en un 4,47%,
tal y como se objetiva en el trabajo de esta tesis “Acute kidney injury as a Risk factor
for mortality in oncological patients receiving checkpoint inhibitors”, proporcion
similar a lo reportado en la literatura cientifica'®>-19, Ademas, el FRA es la causa
mas frecuente de indicacién de biopsia renal en el paciente oncoldgico (67,1%),
segun lo expuesto en “Kidney biopsy in patients with cancer along the last decade:
a multicenter study”. Tras revisar minuciosamente la historia clinica, la etiologia de
todos los FRA acontecidos en el paciente con cancer bajo tratamiento con
inmunoterapia, queda establecido una etiologia inmunomediada del 28,5%, similar

a los datos publicados por Seethapathy y cols. donde este porcentaje es de 37%*’

En el trabajo “Acute interstitial nephritis associated with immune checkpoint
inhibitors: a single-centre experience”’® se analizaron las caracteristicas clinico-
patolégicas de los pacientes que tras presentar un FRA se les realizé una biopsia
renal (n=8), mostrando que en todos ellos el diagndstico histopatolégico era la NIA.
De acuerdo con la informacién publicada disponiblel03118.119.121 |5 |esién renal
mas frecuente en el paciente con cancer es la NIA, y esta a su vez es secundaria
a la inmunoterapia, aunque en casi tres cuartos de los casos hay uso concomitante
de otros farmacos que podrian conllevar la misma lesién renal*?l. En la serie del
Vall d’Hebron descrita en esta tesis la proporcibn de pacientes con uso
concomitante de IBP y/o AINEs fue del 62%. En esta linea, una colaboracion entre
el Hospital Universitario de Bellvitge y Vall d’'Hebron, ha sefialado algunas
caracteristicas clinicas que ayudarian a diferenciar ambas etiologias, como que la
latencia desde el inicio del farmaco y el fracaso renal es mayor en el caso de la NIA-
inmunoterapia (197 dias versus 168), la creatinina pico es menor en el caso de la
inmunoterapia (Cr 3,8mg/dL vs. 5,98mg/dL) y la recuperacion de la funcion renal es
mas lenta en el caso de la NIA-inmunoterapia’®?. Una posible explicacion
fisiopatoldgica es que con el uso de algunos farmacos (antibidticos, IBP, AINES)
desencadene la produccion de células T especificas contra ellos, permaneciendo
en estado quiescente hasta la asociacion de un IPC, el cual reactiva las células Ty
es responsable del dafio tubulointersticial renal®®. Varios estudios han establecido
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los IBP y los AINEs como factores de riesgo para FRA. Por ejemplo, un estudio
reciente de casos/control (n=4.496 pacientes con cancer) establece el uso de
AINEs e IBP como factores de riesgo para desarrollar un FRA!®, aunque hay mayor
evidencia en el caso de IBP8119 En lineas generales, la presentacion de la NIA
en el paciente oncoldgico es un fracaso renal agudo AKIN-3, con proteinuria
subnefrética, leucocituria estéril y ocasionalmente (25%) hematuria segun los
resultados de la serie descrita en esta tesis. Ademas, tres pacientes (37,5%) habian
presentado un iRAEs asociado a la lesion renal (una esofagitis y dos artritis), similar
a lo documentado en la literatura donde los efectos adversos inmunomediados
asociados a lesién renal oscilan entre un 39% y un 56%°121, La predominancia
de la NIA como lesién renal imperante en el paciente oncoldgico se ha confirmado
con el estudio multicéntrico de esta tesis, en donde se establece una diferencia
estadisticamente significativa entre la mayor frecuencia de NIA en la época 2017-
2020 respecto al periodo previo estudiado (2010-2016). La proporcion de NIA en
series de biopsias renales de pacientes oncolégicos oscila entre el 83 y el
939118119121 | 3 NTA y glomerulopatia también se da en el paciente con cancer en

menor proporcion.

La latencia entre el inicio de la inmunoterapia y el FRA es muy variada segun
las series y escila entre 2,9 y 3,7 meses!03118.119.121 'Fn “Acute interstitial nephritis
associated with immune checkpoint inhibitors: a single-centre experience” en donde
todos los casos (n=8) fueron inmunomediados y estan reportados con biopsia renal
se establecié en 5,8+/-3,5 meses (2-11). En el trabajo “Acute kidney injury as a Risk
factor for mortality in oncological patients receiving checkpoint inhibitors” realizado
con una cantidad mayor de pacientes (n=118), el tiempo de latencia entre el inicio
de la inmunoterapia y el FRA fue de 3,5 meses (1,46-8,22 ((IQ 35-75)). Existen
factores de riesgo para el desarrollo de FRA modificables (como el uso de
algunos farmacos como la fluindiona que es un antagonista de la vitamina K
empleado en Francia''®, los AINEs!*® y los inhibidores de la bomba de
protones!t®118.119) vy otros no modificables (edad!!®, enfermedad renal
previalt>118.119  presencia previa o concomitante de otro iRAE (sobre todo rash o
hepatitis®”119.120)  hipertension arterial?°, cancer genitourinario'’” y uso combinado
de dos farmacos inhibidores del punto de control'®). Segln los resultados

obtenidos del trabajo “Acute kidney injury as a Risk factor for mortality in oncological



patients receiving checkpoint inhibitors”, la edad y la funcién renal basal alterada,
se identificaron como factores de riesgo de FRA en el paciente con cancer bajo

tratamiento con inmunoterapia.

El tipo y duracion del tratamiento en el caso de la nefropatia secundaria a
inmunoterapia no ha sido establecido actualmente en ninguna guia clinica y la
evidencia cientifica se basa solo en series retrospectivas y consenso de expertos.
Pero es evidente que el diagnéstico e inicio temprano de tratamiento
inmunosupresor es beneficioso. Entre los factores asociados a mejor pronostico
de recuperacion renal estan: el inicio temprano de tratamiento con
corticosteroides antes de las dos semanas!!® y el uso concomitante con otros
farmacos potenciales causantes de NIA8. Por otro lado, el FRA AKIN Grado 3 en
el momento del diagndstico, IRAE concomitante y cancer de pulmén se relacionaron
con peor prondstico renalt®19 Otros estudios, sin embargo, descartaron la
asociacion entre la creatinina pico y la fibrosis e inflamacién reportada en la biopsia
renal con el grado de recuperacion renal posterior’®. No obstante, segln la revisién
de Kitchlu y cols., las glomerulopatias se asocian a peores resultados renales (el
19% requirid TRS a largo plazo vs. el 9% en el caso de la NIA) y mayor mortalidad
(un tercio de los pacientes)3°. En el trabajo multicéntrico de Cortazar y cols., los
pacientes recibieron tratamiento equivalente a dosis de prednisona mayor de 20mg
durante una media de 28 dias (16-47) y una duracién total de tratamiento
inmunosupresor de 63 dias (32-107 dias), en la misma linea que las indicaciones
generales de la guia NCCN. Para el tratamiento de la NIA asociada a inmunoterapia
un trabajo retrospectivo liderado por Lee y cols., en el que se compararon los
resultados de funcion renal a los 30, 60 y 90 dias en un grupo de 13 pacientes que
recibieron corticosteroides con descenso rapido de dosis (en tres semanas
prednisona menos de 10mg) y tratamiento estandar (a las 6 semanas prednisona
menos de 10mg)*’®, no se encontraron diferencias estadisticamente significativas,
pero el grupo de bajada rapida de corticosteroides recuperé la funcion renal en
mayor proporcion a los treinta dias respecto al otro grupo (85% vs. 46%). Un dato
significativo fue que los pacientes que mantuvieron durante el tratamiento
inmunosupresor farmacos desencadenantes de NIA como el omeprazol o el
cotrimoxazol, tardaron mas dias en recuperar la funcién renal (20 vs. 13 dias).

Globalmente se establecen porcentajes de recuperacion total/parcial de la

131



132

funcion renal tras una FRA asociado a inmunoterapia en torno el 64,3 y el
85%11°%121 En nuestra serie publicada “Acute interstitial nephritis associated with
immune checkpoint inhibitors: a single-centre experience” los pacientes recibieron
corticoesteroides a dosis de mg/Kg y solo en el 37% donde el FRA fue de mayor
severidad se asociaron pulsos de esteroides endovenosos. Se obtuvieron unos
excelentes resultados, observando que 7 pacientes recuperaron su funcion renal

basal previa al FRA y solo uno de ellos progres6 a ERC.

Por otro lado, ademéas de recuperar la funcion renal después del FRA
inmunomediado hay que establecer la estrategia en cuanto al tratamiento
oncologico del paciente. Segun la literatura, el porcentaje de FRA recurrente tras
el reinicio de inmunoterapia es del 16,5-25%118119.131.151 Seg(in la serie mas larga
reportada, en la que se estudiaron 121 pacientes con FRA asociado a
inmunoterapia'!®, el 28,2% recibieron de nuevo inmunoterapia tras un media de 1,9
meses tras el FRA inicial. De ellos, 20 pacientes (el 16,5%) tuvieron una recurrencia
del mismo a las 10 semanas (3-17) y con peores resultados de mortalidad al
finalizar el seguimiento (60% vs. 31,7%). Entre los factores de riesgo para la
recidiva del FRA destacan: tiempo de latencia corto hasta la reintroduccién del
farmaco, uso de terapias combinadas con doble bloqueo de los puntos de control y
persistencia del deterioro de funcién renal al momento de reintroducir el farmaco
oncoespecifico®. Algunos autores sugieren reintroducir la inmunoterapia bajo
tratamiento corticoideo a dosis bajas, promover el uso de anti PD-1/PD-L1 versus
anti CTLA-4 en este perfil de pacientes y emplear tocilizumab concomitante en caso
de haber presentado una toxicidad inmunomediada severa'®. En el caso concreto
de las glomerulopatias asociadas a la inmunoterapia segun la revision Kitchlu2° los
ICP se reintroducen en menor frecuencia (8,8%) y la recaida de la lesion renal
alcanza el 50%. Segun estos mismos autores, podria ser seguro la introduccion de
inmunoterapia en casos de nefropatia por cambios minimos y GNFyS. Asi pues, en
nuestra serie de 8 pacientes con NIA documentada por biopsia renal, siete de ellos
se par6 de manera definitiva la inmunoterapia y un paciente (12,5%) experimentd
una recaida 8 semanas después de haber recibido durante 98 dias
corticoesteroides. En el segundo trabajo de la tesis “, cuando acontecio un FRA se
paré el tratamiento con inmunoterapia en el 77,1% de los casos (n=91).

Posteriormente se introdujo la inmunoterapia en 10 pacientes y en solo dos casos



(20%) se produjo una recidiva. Segun nuestros datos, los pacientes a los que se
les reintrodujo la inmunoterapia tuvieron un mejor prondstico en cuanto a
supervivencia que los que no se reintrodujo. Por el contrario, esto Ultimo no se ha
confirmado por el grupo de Gupta y cols. en donde la reintroduccion de
inmunoterapia no se asoci6é con cambios en supervivencia?®. Por otro lado, en el
tercer trabajo de esta tesis se ha realizado un subanalisis de 52 casos de NIA
asociada a tratamiento oncoldgico donde en el 21% presentaron una recidiva
(n=11) a los 3,6 meses (2,4-4,1(1Q 25-75)). En la mayoria casos (n=6) acontecio
durante el periodo de descenso de corticoesteroides y en dos casos fue al
reintroducir el farmaco responsable a pesar de estar bajo tratamiento

inmunosupresor.

En cuanto alas implicaciones prondsticas de supervivencia del paciente respecto
a presentar un FRA durante el tratamiento con inmunoterapia hay escasa
evidencia publicada. Por ejemplo, Baker y cols.'8!, a través de un estudio
observacional entre 2013-2019 con seguimiento de 2.207 pacientes durante un
afo, establecié que la mortalidad en el grupo de FRA secundario a IPC fue similar
a la del grupo que no presenté FRA; sin embargo, el FRA no inmunomediado si se
relacion6 con aumento de mortalidad. En esta misma linea Koks!®, en una serie
de 676 pacientes donde 14,2% presentaron FRA y un tercio de ellos FRA
inmunomediado, llegé a la misma conclusion: el FRA no inmunomediado multiplica
la mortalidad por dos mientras que el FRA secundario a inhibidores del punto de
control no se asocia con peores resultados de supervivencia. Por udltimo,
Shimamura y cols.'8, en una serie de 152 pacientes, tampoco establecié relacion
entre el FRA inmunomediado con aumento de mortalidad. En el segundo trabajo de
esta tesis, “Acute kidney injury as a Risk factor for mortality in oncological patients
receiving checkpoint inhibitors”, se establecio la presencia de FRA como factor de
riesgo independiente de mortalidad (Hazard ratio 1,606 (95% intervalo de confianza
1,254-2,057)), segun el modelo de supervivencia multivariado que incluye edad,

género, tipo de neoplasia, tipo de IPC administrado y presencia o no de FRA.

Otro aspecto a tener en cuenta, y que se refleja en los tres trabajos de esta tesis,
es el hecho de que solo el 18,6% de las personas que presentaron FRA fueron
remitidas a nefrologia para valoracion; ademas en el estudio multicéntrico queda

de manifiesto que cuando realizamos biopsia renal en el paciente con cancer se
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pueden beneficiar de tratamiento especifico hasta el 80%. Por todo lo
anteriormente expuesto, son necesarios mas estudios en el futuro que ayuden a
establecer las mejor técnicas diagnosticas y de tratamiento en el paciente con
cancer y lesion renal. A su vez, la creacion de unidades multidisciplinares y la
subespecialidad de Onconefrologia pueden ser de gran utilidad para un manejo

precoz e integral de dichos pacientes.



/. CONCLUSIONES
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1. En la era de la inmunoterapia, la patologia renal mas frecuentemente
biopsiada en el paciente con cancer es la nefritis intersticial aguda.
Diferenciar la NIA asociada a inmunoterapia de otras lesiones renales
(secundarias o no al tratamiento oncoldgico) permitira un tratamiento mas
dirigido de la enfermedad renal, evitando retrasos en ciclos de tratamiento
oncologico o efectos adversos de los inmunosupresores cuando no sean

necesarios.

2. El aumento de edad y la funcién renal basal alterada en el paciente con
cancer y bajo los efectos de tratamiento con inmunoterapia, se han

identificado como factores de riesgo para sufrir un fracaso renal agudo.

3. El fracaso renal agudo en el paciente oncoldgico bajo tratamiento con
inmunoterapia es una entidad frecuente (15,5%) y comporta un factor de

riesgo de mortalidad.

4. El 80% de los pacientes con lesion renal y cancer se pueden beneficiar de

un tratamiento nefrologico especifico.
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8. LINEAS DE INVESTIGACION DE FUTURO
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Debido a los resultados obtenidos con los trabajos previamente descritos, el grupo
de Nefrologia del Hospital Universitario Vall d’Hebron en colaboraciéon con el
servicio de Oncologia ha iniciado nuevas lineas de investigacion para ampliar el

conocimiento en la enfermedad renal en el paciente con cancer.

Actualmente esta en marcha el proyecto “Evaluacion de nuevos biomarcadores
predictivos, diagndsticos y de respuesta en el tratamiento de la nefritis
intersticial aguda secundaria a inmunoterapia. Diferencias clinico-
anatomopatoldgicas respecto nefritis intersticial aguda clasica” que cuenta
con dictamen favorable del comité de ética de la investigacidbn con medicamentos
del Hospital Universitario Vall d’'Hebron EOM(AG)054/2021(5884). EIl objetivo
principal de este proyecto es mejorar el diagnostico y prondstico de los pacientes
que desarrollen FRA secundario a tratamiento con IPC. Para ello se esta analizando
la expresion de PD-1/PD-L1 en tejido renal, asi como la expresividad de distintos
marcadores y citocinas especificas asociadas a células reguladoras en los
infiltrados de tejido renal de pacientes previamente biopsiados con diagnéstico de
NIA clasica (por antibiéticos, IBP, AINES) y se compararan los resultados con los

datos obtenidos de las NIA secundaria a inmunoterapia.

Sin duda, seria de gran valor disponer de biomarcadores tiles en la practica clinica
diaria que ayudasen a diferenciar la NIA secundaria a la inmunoterapia de la NIA
clasica, puesto que ambas estan presentes en el paciente con cancer y es posible
que el tratamiento 6ptimo difiera en funcion de la etiologia. Ademas, realizar un
estudio prospectivo aleatorizado con distintas pautas de tratamiento con
corticoesteroides seria interesante para determinar la dosis y duracibn mas

adecuada, evitando asi posibles efectos adversos o recidivas tempranas.

141



142



9. BIBLIOGRAFIA

143



144



1.

Las cifras del cancer en Espafia 2022.
https://seom.org/images/LAS_CIFRAS_DEL_CANCER_EN_ESPANA _2022.pdf
https://seom.org/images/LAS_CIFRAS_DEL_CANCER_EN_ESPANA_2022.pdf

(2022).

. Iff, S. et al. Reduced estimated GFR and cancer mortality. Am J Kidney Dis 63,

23-30 (2014).

. Stevens, P. E., Levin, A., & Kidney Disease: Improving Global Outcomes Chronic

Kidney Disease Guideline Development Work Group Members. Evaluation and
management of chronic kidney disease: synopsis of the kidney disease:
improving global outcomes 2012 clinical practice guideline. Ann Intern Med 158,

825-830 (2013).

. Hill, N. R. et al. Global Prevalence of Chronic Kidney Disease - A Systematic

Review and Meta-Analysis. PLoS One 11, e0158765 (2016).

. Gorostidi, M. et al. Chronic kidney disease in Spain: Prevalence and impact of

accumulation of cardiovascular risk factors. Nefrologia (Engl Ed) 38, 606-615

(2018).

. Ortiz, A. & Asociacion Informacion Enfermedades Renales Genéticas (AIRG-E),

European Kidney Patients’ Federation (EKPF), Federacién Nacional de
Asociaciones para la Lucha Contra las Enfermedades del Rifion (ALCER),
Fundacion Renal ifiigo Alvarez de Toledo (FRIAT), Red de Investigacion Renal
(REDINREN), Resultados en Salud 2040 (RICORS2040), Sociedad Espariola de
Nefrologia (SENEFRO) Council, Sociedad Espafiola de Trasplante (SET)
Council, Organizacion Nacional de Trasplantes (ONT). RICORS2040: the need
for collaborative research in chronic kidney disease. Clin Kidney J 15, 372-387

(2022).

145



146

7. Konigsbrigge, O., Lotsch, F., Zielinski, C., Pabinger, I. & Ay, C. Chronic kidney
disease in patients with cancer and its association with occurrence of venous
thromboembolism and mortality. Thrombosis Research 134, 44-49 (2014).

8. Launay-Vacher, V. Epidemiology of chronic kidney disease in cancer patients:
lessons from the IRMA study group. Semin Nephrol 30, 548-556 (2010).

9. Nakamura, Y., Tsuchiya, K., Nitta, K. & Ando, M. [Prevalence of anemia and
chronic kidney disease in cancer patients: clinical significance for 1-year
mortality]. Nihon Jinzo Gakkai Shi 53, 38—-45 (2011).

10. Canter, D. et al. Prevalence of baseline chronic kidney disease in patients
presenting with solid renal tumors. Urology 77, 781-785 (2011).

11. Lane, B. R. et al. Survival and Functional Stability in Chronic Kidney Disease
Due to Surgical Removal of Nephrons: Importance of the New Baseline
Glomerular Filtration Rate. Eur Urol 68, 996-1003 (2015).

12. Eisenberg, M. S. et al. Long-term renal function outcomes after radical
cystectomy. J Urol 191, 619-625 (2014).

13. Launay-Vacher, V. et al. Prevalence of Renal Insufficiency in cancer patients
and implications for anticancer drug management: the renal insufficiency and
anticancer medications (IRMA) study. Cancer 110, 1376-1384 (2007).

14. Lees, J. S. et al. Kidney function and cancer risk: An analysis using creatinine
and cystatin C in a cohort study. EClinicalMedicine 38, 101030 (2021).

15. Lees, J. S. et al. The ‘other’ big complication: how chronic kidney disease
impacts on cancer risks and outcomes. Nephrol Dial Transplant gfac011 (2022)
doi:10.1093/ndt/gfac011.

16. Mok, Y. et al. Kidney Function, Proteinuria, and Cancer Incidence:

The Korean Heart Study. Am J Kidney Dis 70, 512-521 (2017).



17. Mok, Y. et al. Albuminuria, Kidney Function, and Cancer Risk in the
Community. Am J Epidemiol 189, 942-950 (2020).

18. Jgrgensen, L., Heuch, I., Jenssen, T. & Jacobsen, B. K. Association of
albuminuria and cancer incidence. J Am Soc Nephrol 19, 992—-998 (2008).

19. UK Renal Registry. UK renal registry 23nd annual report. Data to 21/12/2019.
https://ukkidney.org/sites/renal.org/files/23rd_UKRR_ANNUAL_REPORT.pdf(25
junio, ultimo acceso).

20.  Wong, G. Chronic kidney disease and the risk of cancer: an individual patient
data meta-analysis of 32,057 participants from six prospective studies. 11 (2016).

21. Gupta, J. et al. Association between albuminuria, kidney function, and
inflammatory biomarker profile in CKD in CRIC. Clin J Am Soc Nephrol 7, 1938—
1946 (2012).

22. Basu, A. K. DNA Damage, Mutagenesis and Cancer. Int J Mol Sci 19, E970
(2018).

23. Rosner, M. H., Jhaveri, K. D., McMahon, B. A. & Perazella, M. A.
Onconephrology: The intersections between the kidney and cancer. CA Cancer
J Clin 71, 47-77 (2021).

24,  Salahudeen, A. K. et al. Incidence rate, clinical correlates, and outcomes of
AKI in patients admitted to a comprehensive cancer center. Clin J Am Soc
Nephrol 8, 347-354 (2013).

25. Rosner, M. H. & Perazella, M. A. Acute Kidney Injury in Patients with Cancer.
N Engl J Med 376, 1770-1781 (2017).

26. Sassier, M. et al. Renal insufficiency is the leading cause of double

maintenance (bevacizumab and pemetrexed) discontinuation for toxicity to

147



148

advanced non-small cell lung cancer in real world setting. Lung Cancer 89, 161—
166 (2015).

27. Bhat, Z. Y. et al. Understanding the Risk Factors and Long-Term
Consequences of Cisplatin-Associated Acute Kidney Injury: An Observational
Cohort Study. PLoS One 10, e0142225 (2015).

28. Thomas, M. E. et al. The definition of acute kidney injury and its use in
practice. Kidney Int 87, 62—73 (2015).

29. Finlay, S. et al. Identification of risk factors associated with acute kidney injury
in patients admitted to acute medical units. Clin Med (Lond) 13, 233-238 (2013).

30. Kitchlu, A. et al. Acute Kidney Injury in Patients Receiving Systemic
Treatment for Cancer: A Population-Based Cohort Study. JNCI: Journal of the
National Cancer Institute 111, 727-736 (2019).

31. Cheng, Y. et al. Epidemiology and outcomes of acute kidney injury in
hospitalized cancer patients in China. Int J Cancer 144, 2644—-2650 (2019).

32. Weng, P.-H. et al. Cancer-specific mortality in chronic kidney disease:
longitudinal follow-up of a large cohort. Clin J Am Soc Nephrol 6, 1121-1128
(2011).

33. Ishii, T. et al. Association between chronic kidney disease and mortality in
stage IV cancer. Int J Clin Oncol 25, 1587-1595 (2020).

34. Sprangers, B., Perazella, M. A., Lichtman, S. M., Rosner, M. H. & Jhaveri, K.
D. Improving cancer care for patients with chronic kidney disease: the need for
changes in clinical trials. Kidney International Reports S2468024922014474
(2022) doi:10.1016/j.ekir.2022.06.005.

35.  Kitchlu, A. et al. Representation of Patients With Chronic Kidney Disease in

Trials of Cancer Therapy. JAMA 319, 2437-2439 (2018).



36. Kim, K. H. et al. Efficacy and toxicity of sunitinib in patients with metastatic
renal cell carcinoma with renal insufficiency. Eur J Cancer 50, 746-752 (2014).
37. Janus, N. et al. Cancer and renal insufficiency results of the BIRMA study. Br

J Cancer 103, 1815-1821 (2010).

38. M, T.Y, A &K, T. Effect of haemodialysis on the pharmacokinetics of
antineoplastic drugs. Clinical pharmacokinetics 43, (2004).

39. Funakoshi, T. et al. Chemotherapy in cancer patients undergoing
haemodialysis: a nationwide study in Japan. ESMO Open 3, e000301 (2018).
40. Perazella, M. A. Onco-nephrology: renal toxicities of chemotherapeutic

agents. Clin J Am Soc Nephrol 7, 1713-1721 (2012).

41. Isnard-Bagnis, C. et al. [Anticancer drug-induced nephrotoxicity]. Nephrol
Ther 1, 101-114 (2005).

42.  Troxell, M. L., Higgins, J. P. & Kambham, N. Antineoplastic Treatment and
Renal Injury: An Update on Renal Pathology Due to Cytotoxic and Targeted
Therapies. Adv Anat Pathol 23, 20 (2016).

43.  Farry, J. K., Flombaum, C. D. & Latcha, S. Long term renal toxicity of
ifosfamide in adult patients--5 year data. Eur J Cancer 48, 1326-1331 (2012).
44.  Perazella, M. A. & lzzedine, H. New drug toxicities in the onco-nephrology

world. Kidney Int 87, 909-917 (2015).

45.  Perazella, M. A. & Herlitz, L. C. The Crystalline Nephropathies. Kidney Int
Rep 6, 2942-2957 (2021).

46. Ramsey, L. B. et al. Consensus Guideline for Use of Glucarpidase in Patients
with High-Dose Methotrexate Induced Acute Kidney Injury and Delayed

Methotrexate Clearance. Oncologist 23, 52—61 (2018).

149



150

47. lzzedine, H. et al. Gemcitabine-induced thrombotic microangiopathy: a
systematic review. Nephrol Dial Transplant 21, 3038-3045 (2006).

48. lzzedine, H. & Perazella, M. A. Thrombotic microangiopathy, cancer, and
cancer drugs. Am J Kidney Dis 66, 857-868 (2015).

49. Daviet, F. et al. Thrombotic microangiopathy associated with gemcitabine
use: Presentation and outcome in a national French retrospective cohort. Br J
Clin Pharmacol 85, 403-412 (2019).

50. Wanchoo, R., Jhaveri, K. D., Deray, G. & Launay-Vacher, V. Renal effects of
BRAF inhibitors: a systematic review by the Cancer and the Kidney International
Network. Clin Kidney J 9, 245-251 (2016).

51. Seethapathy, H. et al. Clinical features of acute kidney injury in patients
receiving dabrafenib and trametinib. Nephrol Dial Transplant 37, 507-514 (2022).

52. Maanaoui, M. et al. Glomerulonephritis and granulomatous vasculitis in
kidney as a complication of the use of BRAF and MEK inhibitors in the treatment
of metastatic melanoma: A case report. Medicine (Baltimore) 96, 7196 (2017).

53. Chan, M. M., Sjoquist, K. M. & Zalcberg, J. R. Clinical utility of ramucirumab
in advanced gastric cancer. Biologics 9, 93-105 (2015).

54.  Eremina, V. et al. VEGF inhibition and renal thrombotic microangiopathy. N
Engl J Med 358, 1129-1136 (2008).

55. Caletti, S. et al. Management of VEGF-Targeted Therapy-Induced
Hypertension. Curr Hypertens Rep 20, 68 (2018).

56. Bartlett, C. S., Jeansson, M. & Quaggin, S. E. Vascular Growth Factors and
Glomerular Disease. Annu Rev Physiol 78, 437-461 (2016).

57. den Deurwaarder, E. S. G. et al. Kidney injury during VEGF inhibitor therapy.

Neth J Med 70, 267-271 (2012).



58. Taima, K. et al. Regression of Crizotinib-Associated Complex Cystic Lesions
after Switching to Alectinib. Intern Med 56, 2321-2324 (2017).

59. lzzedine, H., El-Fekih, R. K. & Perazella, M. A. The renal effects of ALK
inhibitors. Invest New Drugs 34, 643—649 (2016).

60. Schrag, D., Chung, K. Y., Flombaum, C. & Saltz, L. Cetuximab therapy and
symptomatic hypomagnesemia. J Natl Cancer Inst 97, 1221-1224 (2005).

61. Sasaki, K., Anderson, E., Shankland, S. J. & Nicosia, R. F. Diffuse
proliferative glomerulonephritis associated with cetuximab, an epidermal growth
factor receptor inhibitor. Am J Kidney Dis 61, 988-991 (2013).

62. Korkmaz, M. et al. Nephrotic syndrome induced by cetuximab in a patient
with metastatic colorectal cancer. J Oncol Pharm Pract 28, 998-1002 (2022).
63. Ito, C., Fujii, H.,, Ogura, M., Sato, H. & Kusano, E. Cetuximab-induced
nephrotic syndrome in a case of metastatic rectal cancer. J Oncol Pharm Pract

19, 265-268 (2013).

64. Chappell, J. C. et al. Abemaciclib Inhibits Renal Tubular Secretion Without
Changing Glomerular Filtration Rate. Clin Pharmacol Ther 105, 1187-1195
(2019).

65. Bruin, M. a. C. et al. A real or apparent decrease in glomerular filtration rate
in patients using olaparib? Eur J Clin Pharmacol 77, 179-188 (2021).

66. LaFargue, C. J., Dal Molin, G. Z., Sood, A. K. & Coleman, R. L. Exploring and
comparing adverse events between PARP inhibitors. Lancet Oncol 20, e15-e28
(2019).

67. Marcolino, M. S. et al. Imatinib treatment duration is related to decreased
estimated glomerular filtration rate in chronic myeloid leukemia patients. Ann

Oncol 22, 2073-2079 (2011).

151



152

68. Pou, M. et al. Acute renal failure secondary to imatinib mesylate treatment in
chronic myeloid leukemia. Leuk Lymphoma 44, 1239-1241 (2003).

69. Wanchoo, R. et al. Renal Toxicities of Novel Agents Used for Treatment of
Multiple Myeloma. Clin J Am Soc Nephrol 12, 176-189 (2017).

70. Moreau, P. et al. Once weekly versus twice weekly carfilzomib dosing in
patients with relapsed and refractory multiple myeloma (A.R.R.O.W.): interim
analysis results of a randomised, phase 3 study. Lancet Oncol 19, 953-964
(2018).

71. Fotiou, D. et al. Carfilzomib-associated renal toxicity is common and
unpredictable: a comprehensive analysis of 114 multiple myeloma patients. Blood
Cancer J 10, 109 (2020).

72.  Chiruvella, V., Annamaraju, P. & Guddati, A. K. Management of
nephrotoxicity of chemotherapy and targeted agents: 2020. Am J Cancer Res 10,
4151-4164 (2020).

73. Perazella, M. A. & Markowitz, G. S. Bisphosphonate nephrotoxicity. Kidney
Int 74, 1385-1393 (2008).

74.  Garcia-Carro, C., Draibe, J. & Soler, M. J. Onconephrology: Update in
Anticancer Drug-Related Nephrotoxicity. Nephron 1-13 (2022)
d0i:10.1159/000525029.

75. Dobosz, P. & Dziecigtkowski, T. The Intriguing History of Cancer
Immunotherapy. Front Immunol 10, 2965 (2019).

76.  Couzin-Frankel, J. Breakthrough of the year 2013. Cancer immunotherapy.
Science 342, 1432-1433 (2013).

77. Gravbrot, N. et al. Therapeutic Monoclonal Antibodies Targeting Immune

Checkpoints for the Treatment of Solid Tumors. Antibodies (Basel) 8, E51 (2019).



78. Chute, D. F. et al. Incidence and Predictors of CKD and Estimated GFR
Decline in Patients Receiving Immune Checkpoint Inhibitors. American Journal of
Kidney Diseases 79, 134-137 (2022).

79. Chen, D. S. & Mellman, I. Oncology Meets Immunology: The Cancer-
Immunity Cycle. Immunity 39, 1-10 (2013).

80. Michael Dougan. Cancer Immunotherapy:Beyond Checkpoint Blockade.
Cancer Immunotherapy:Beyond Checkpoint BlockadeRev. Cancer Biol. 2019.
3:55-75 doi:https://doi.org/10.1146/annurev-cancerbio-030518-055552.

81. Belliere, J., Mazieres, J., Meyer, N., Chebane, L. & Despas, F. Renal
Complications Related to Checkpoint Inhibitors: Diagnostic and Therapeutic
Strategies. Diagnostics (Basel) 11, 1187 (2021).

82.  Starke, A. etal. Renal tubular PD-L1 (CD274) suppresses alloreactive human
T-cell responses. Kidney Int 78, 38—47 (2010).

83.  Kudo, M. Scientific Rationale for Combined Immunotherapy with PD-1/PD-
L1 Antibodies and VEGF Inhibitors in Advanced Hepatocellular Carcinoma.
Cancers (Basel) 12, E1089 (2020).

84. Perazella, M. A. & Shirali, A. C. Nephrotoxicity of Cancer Immunotherapies:
Past, Present and Future. J Am Soc Nephrol 29, 2039-2052 (2018).

85. Dougan, M. Understanding and Overcoming the Inflammatory Toxicities of
Immunotherapy. Cancer Immunol Res 8, 1230-1235 (2020).

86. Martins, F. et al. Adverse effects of immune-checkpoint inhibitors:
epidemiology, management and surveillance. Nat Rev Clin Oncol 16, 563-580
(2019).

87. Herrmann, S. M. & Perazella, M. A. Immune Checkpoint Inhibitors and

Immune-Related Adverse Renal Events. Kidney Int Rep 5, 1139-1148 (2020).

153



154

88. Xu, C. et al. Comparative safety of immune checkpoint inhibitors in cancer:
systematic review and network meta-analysis. BMJ 363, k4226 (2018).

89. Arnaud-Coffin, P. et al. A systematic review of adverse events in randomized
trials assessing immune checkpoint inhibitors. Int J Cancer 145, 639-648 (2019).

90. Wang, D. Y. et al. Fatal Toxic Effects Associated With Immune Checkpoint
Inhibitors: A Systematic Review and Meta-analysis. JAMA Oncol 4, 1721-1728
(2018).

91. Haanen, J. B. a. G. et al. Management of toxicities from immunotherapy:
ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann
Oncol 29, iv264—iv266 (2018).

92. Postow, M. A, Sidlow, R. & Hellmann, M. D. Immune-Related Adverse
Events Associated with Immune Checkpoint Blockade. N Engl J Med 378, 158—
168 (2018).

93. Johnson, D. B. et al. Fulminant Myocarditis with Combination Immune
Checkpoint Blockade. N Engl J Med 375, 1749-1755 (2016).

94. Osorio, J. C. et al. Antibody-mediated thyroid dysfunction during T-cell
checkpoint blockade in patients with non-small-cell lung cancer. Ann Oncol 28,
583-589 (2017).

95. Tahir, S. A. et al. Autoimmune antibodies correlate with immune checkpoint
therapy-induced toxicities. Proc Natl Acad Sci U S A 116, 2224622251 (2019).

96. Tarhini, A. A. et al. Baseline circulating IL-17 predicts toxicity while TGF-31
and IL-10 are prognostic of relapse in ipilimumab neoadjuvant therapy of
melanoma. J Immunother Cancer 3, 39 (2015).

97. Kennedy, L. B. & Salama, A. K. S. A review of cancer immunotherapy toxicity.

CA Cancer J Clin 70, 86—-104 (2020).



98. Johnson, D. B., Nebhan, C. A., Moslehi, J. J. & Balko, J. M. Immune-
checkpoint inhibitors: long-term implications of toxicity. Nat Rev Clin Oncol 19,
254-267 (2022).

99. Poto, R. et al. Holistic Approach to Immune Checkpoint Inhibitor-Related
Adverse Events. Front Immunol 13, 804597 (2022).

100. Li, H., Sahu, K. K. & Maughan, B. L. Mechanism and Management of
Checkpoint Inhibitor-Related Toxicities in Genitourinary Cancers. Cancers
(Basel) 14, 2460 (2022).

101. Murakami, N., Motwani, S. & Riella, L. V. Renal complications of immune
checkpoint blockade. Curr Probl Cancer 41, 100-110 (2017).

102. Wanchoo, R. et al. Adverse Renal Effects of Immune Checkpoint Inhibitors:
A Narrative Review. Am J Nephrol 45, 160-169 (2017).

103. Cortazar, F. B. et al. Clinicopathological features of acute kidney injury
associated with immune checkpoint inhibitors. Kidney International 90, 638—647
(2016).

104. Shirali, A. C., Perazella, M. A. & Gettinger, S. Association of Acute Interstitial
Nephritis With Programmed Cell Death 1 Inhibitor Therapy in Lung Cancer
Patients. American Journal of Kidney Diseases 68, 287—-291 (2016).

105. Mamlouk, O. et al. Nephrotoxicity of immune checkpoint inhibitors beyond
tubulointerstitial nephritis: single-center experience. J Immunother Cancer 7,
(2019).

106. Izzedine, H. et al. Renal effects of immune checkpoint inhibitors. Nephrol Dial
Transplant 32, 936-942 (2017).

107. Fadel, F., El Karoui, K. & Knebelmann, B. Anti-CTLA4 antibody-induced

lupus nephritis. N Engl J Med 361, 211-212 (2009).

155



156

108. Chen, M. et al. Case Report: THSD7A-Positive Membranous Nephropathy
Caused by Tislelizumab in a Lung Cancer Patient. Front Immunol 12, 619147
(2021).

109. Menke, J. et al. Programmed death 1 ligand (PD-L) 1 and PD-L2 limit
autoimmune kidney disease: distinct roles. J Immunol 179, 7466—7477 (2007).
110. Nishimura, H., Nose, M., Hiai, H., Minato, N. & Honjo, T. Development of
lupus-like autoimmune diseases by disruption of the PD-1 gene encoding an ITIM

motif-carrying immunoreceptor. Immunity 11, 141-151 (1999).

111. Jagieta, J., Bartnicki, P. & Rysz, J. Nephrotoxicity as a Complication of
Chemotherapy and Immunotherapy in the Treatment of Colorectal Cancer,
Melanoma and Non-Small Cell Lung Cancer. Int J Mol Sci 22, 4618 (2021).

112. Murakami, N., Borges, T. J., Yamashita, M. & Riella, L. V. Severe acute
interstitial nephritis after combination immune-checkpoint inhibitor therapy for
metastatic melanoma. Clin Kidney J 9, 411-417 (2016).

113. Shim, Y. J. etal. Early T cell infiltration is modulated by programed cell death-
1 protein and its ligand (PD-1/PD-L1) interactions in murine kidney transplants.
Kidney Int 98, 897-905 (2020).

114. Gupta, S., Cortazar, F. B., Riella, L. V. & Leaf, D. E. Immune Checkpoint
Inhibitor Nephrotoxicity: Update 2020. Kidney360 1, 130-140 (2020).

115. Geérard, A. O. et al. Risk factors associated with immune checkpoint inhibitor—
induced acute kidney injury compared with other immune-related adverse events:
a case—control study. Clinical Kidney Journal sfacl09 (2022)

doi:10.1093/ckj/sfac109.



116. Kehl, K. L. et al. Pre-existing autoimmune disease and the risk of immune-
related adverse events among patients receiving checkpoint inhibitors for cancer.
Cancer Immunol Immunother 68, 917-926 (2019).

117. Seethapathy, H. et al. The Incidence, Causes, and Risk Factors of Acute
Kidney Injury in Patients Receiving Immune Checkpoint Inhibitors. CJASN 14,
1692-1700 (2019).

118. Cortazar, F. B. et al. Clinical Features and Outcomes of Immune Checkpoint
Inhibitor—Associated AKI: A Multicenter Study. JASN 31, 435-446 (2020).

119. Gupta, S. et al. Acute kidney injury in patients treated with immune
checkpoint inhibitors. J Immunother Cancer 9, e003467 (2021).

120. Meraz-Muiioz, A. et al. Acute kidney injury associated with immune
checkpoint inhibitor therapy: incidence, risk factors and outcomes. J Immunother
Cancer 8, e000467 (2020).

121. Gérard, A. O. et al. Immune checkpoint inhibitors-induced nephropathy: a
French national survey. Cancer Immunol Immunother 70, 3357-3364 (2021).
122. Thajudeen, B., Madhrira, M., Bracamonte, E. & Cranmer, L. D. Ipilimumab

granulomatous interstitial nephritis. Am J Ther 22, e84-87 (2015).

123. Gallan, A. J. et al. Renal Vasculitis and Pauci-immune Glomerulonephritis
Associated With Immune Checkpoint Inhibitors. American Journal of Kidney
Diseases 74, 853—-856 (2019).

124. Vaughan, E., Connolly, E., Hui, M. & Chadban, S. Minimal change disease
in a patient receiving checkpoint inhibition: Another possible manifestation of

kidney autoimmunity? Cancer Rep (Hoboken) 3, e1250 (2020).

157



158

125. Glutsch, V. et al. Response to combined ipilimumab and nivolumab after
development of a nephrotic syndrome related to PD-1 monotherapy. J
Immunother Cancer 7, 181 (2019).

126. Ashour, T., Nakhoul, G., Patil, P., Funchain, P. & Herlitz, L. Immune Check
Point Inhibitor-Associated Glomerulonephritis. Kidney Int Rep 4, 355-359 (2019).

127. Cruz-Whitley, J., Giehl, N., Jen, K.-Y. & Young, B. Membranoproliferative
Glomerulonephritis Associated with Nivolumab Therapy. Case Rep Nephrol
2020, 2638283 (2020).

128. Jung, K., Zeng, X. & Bilusic, M. Nivolumab-associated acute
glomerulonephritis: a case report and literature review. BMC Nephrol 17, 188
(2016).

129. Kishi, S. et al. IgA Nephropathy after Nivolumab Therapy for Postoperative
Recurrence of Lung Squamous Cell Carcinoma. Intern Med 57, 1259-1263
(2018).

130. Kitchlu, A. et al. A Systematic Review of Immune Checkpoint Inhibitor-
Associated Glomerular Disease. Kidney Int Rep 6, 66—77 (2021).

131. Isik, B. et al. Biomarkers, Clinical Features, and Rechallenge for Immune
Checkpoint Inhibitor Renal Immune-Related Adverse Events. Kidney
International Reports 6, 1022-1031 (2021).

132. Draibe, J. B. et al. Acute tubulointerstitial nephritis induced by checkpoint
inhibitors versus classical acute tubulointerstitial nephritis: are they the same
disease? Clinical Kidney Journal sfaa027 (2020) doi:10.1093/ckj/sfaa027.

133. Zheng, K. et al. Clinical recommendations on diagnosis and treatment of
immune checkpoint inhibitor-induced renal immune-related adverse events.

Thorac Cancer 11, 1746-1751 (2020).



134. Uppal, N. N., Workeneh, B. T., Rondon-Berrios, H. & Jhaveri, K. D.
Electrolyte and Acid-Base Disorders Associated with Cancer Immunotherapy.
Clin 3 Am Soc Nephrol 17, 922—-933 (2022).

135. Seethapathy, H. et al. Hyponatremia and other electrolyte abnormalities in
patients receiving immune checkpoint inhibitors. Nephrol Dial Transplant 36,
2241-2247 (2021).

136. Murakami, N. et al. A multi-center study on safety and efficacy of immune
checkpoint inhibitors in cancer patients with kidney transplant. Kidney Int (2020)
doi:10.1016/j.kint.2020.12.015.

137. Kumar, V. et al. The Safety and Efficacy of Checkpoint Inhibitors in
Transplant Recipients: A Case Series and Systematic Review of Literature.
Oncologist 25, 505-514 (2020).

138. Carroll, R. P. et al. Immune checkpoint inhibitors in kidney transplant
recipients: a multicentre, single-arm, phase 1 study. Lancet Oncol S1470-
2045(22)00368-0 (2022) doi:10.1016/S1470-2045(22)00368-0.

139. Schneider, B. J. et al. Management of Immune-Related Adverse Events in
Patients Treated With Immune Checkpoint Inhibitor Therapy: ASCO Guideline
Update. J Clin Oncol 39, 4073-4126 (2021).

140. Porta, C. et al. KDIGO Controversies Conference on onco-nephrology:
understanding kidney impairment and solid-organ malignancies, and managing
kidney cancer. Kidney Int 98, 1108-1119 (2020).

141. Gutgarts, V. & Glezerman, I. G. Kidney Biopsy Should Be Performed to
Document the Cause of Immune Checkpoint Inhibitor—-Associated Acute Kidney

Injury: CON. Kidney360 1, 162—-165 (2020).

159



142. Eijgelsheim, M. & Sprangers, B. Kidney Biopsy Should Be Performed to
Document the Cause of Immune Checkpoint Inhibitor—Associated Acute Kidney
Injury: PRO. Kidney360 1, 158-161 (2020).

143. Perazella, M. A. Kidney Biopsy Should Be Performed to Document the Cause
of Immune Checkpoint Inhibitor—Associated Acute Kidney Injury: Commentary.
Kidney360 1, 166—168 (2020).

144. Moledina, D. G. et al. Urine TNF-a and IL-9 for clinical diagnosis of acute
interstitial nephritis. JCI Insight 4, 127456 (2019).

145. Sun, P.-P. et al. Urine macrophages reflect kidney macrophage content
during acute tubular interstitial and glomerular injury. Clin Immunol 205, 65-74
(2019).

146. Martinez Valenzuela, L. et al. Urinary Cytokines Reflect Renal Inflammation
in Acute Tubulointerstitial Nephritis: A Multiplex Bead-Based Assay Assessment.
J Clin Med 10, 2986 (2021).

147. Thompson, J. A. et al. Management of Immunotherapy-Related Toxicities,
Version 1.2019. J Natl Compr Canc Netw 17, 255-289 (2019).

148. Bermejo, S., Bolufer, M., Riveiro-Barciela, M. & Soler, M. J. Immunotherapy
and the Spectrum of Kidney Disease: Should We Individualize the Treatment?
Front Med (Lausanne) 9, 906565 (2022).

149. Simonaggio, A. et al. Evaluation of Readministration of Immune Checkpoint
Inhibitors After Immune-Related Adverse Events in Patients With Cancer. JAMA
Oncol 5, 1310 (2019).

150. Allouchery, M. et al. Safety of immune checkpoint inhibitor rechallenge after
discontinuation for grade 22 immune-related adverse events in patients with

cancer. J Immunother Cancer 8, e001622 (2020).

160



151. Manohar, S. et al. Acute Interstitial Nephritis and Checkpoint Inhibitor
Therapy: Single Center Experience of Management and Drug Rechallenge.
Kidney360 1, 16—24 (2020).

152. Arbour, K. C. et al. Impact of Baseline Steroids on Efficacy of Programmed
Cell Death-1 and Programmed Death-Ligand 1 Blockade in Patients With Non-
Small-Cell Lung Cancer. J Clin Oncol 36, 2872-2878 (2018).

153. Petrelli, F. et al. Association of Steroids use with Survival in Patients Treated
with Immune Checkpoint Inhibitors: A Systematic Review and Meta-Analysis.
Cancers (Basel) 12, E546 (2020).

154. Mamlouk, O. et al. Checkpoint inhibitor-related renal vasculitis and use of
rituximab. J Immunother Cancer 8, e000750 (2020).

155. Laamech, R. et al. Efficacy of Plasmapheresis in Nivolumab-Associated
ANCA Glomerulonephritis: A Case Report and Pathophysiology Discussion.
Case Rep Nephrol Dial 11, 376-383 (2021).

156. Lin, J.S. etal. Immune checkpoint inhibitor associated reactivation of primary
membranous nephropathy responsive to rituximab. J Immunother Cancer 8,
e001287 (2020).

157. Das, S. & Johnson, D. B. Immune-related adverse events and anti-tumor
efficacy of immune checkpoint inhibitors. J Immunother Cancer 7, 306 (2019).
158. Hussaini, S. et al. Association between immune-related side effects and
efficacy and benefit of immune checkpoint inhibitors - A systematic review and

meta-analysis. Cancer Treat Rev 92, 102134 (2021).

159. Hua, C. et al. Association of Vitiligo With Tumor Response in Patients With

Metastatic Melanoma Treated With Pembrolizumab. JAMA Dermatol 152, 45-51

(2016).

161



162

160. Yamauchi, I. et al. Incidence, features, and prognosis of immune-related
adverse events involving the thyroid gland induced by nivolumab. PLoS One 14,
e0216954 (2019).

161. Cortellini, A. et al. Correlations Between the Immune-related Adverse Events
Spectrum and Efficacy of Anti-PD1 Immunotherapy in NSCLC Patients. Clin Lung
Cancer 20, 237-247.e1 (2019).

162. Fan, Y. et al. Association of Immune Related Adverse Events With Efficacy
of Immune Checkpoint Inhibitors and Overall Survival in Cancers: A Systemic
Review and Meta-analysis. Front Oncol 11, 633032 (2021).

163. Trevisani, F. et al. Renal Function Outcomes in Metastatic Non-Small-Cell
Lung Carcinoma Patients Treated with Chemotherapy or Immune Checkpoint
Inhibitors: An Unexpected Scenario. Vaccines (Basel) 10, 679 (2022).

164. Cambier, J.-F. & Ronco, P. Onco-nephrology: glomerular diseases with
cancer. Clin J Am Soc Nephrol 7, 1701-1712 (2012).

165. Galloway, J. Remarks ON HODGKIN’S DISEASE. Br Med J 2, 1201-1208.2
(1922).

166. Lee, J. C., Yamauchi, H. & Hopper, J. The association of cancer and the
nephrotic syndrome. Ann Intern Med 64, 41-51 (1966).

167. Pani, A. Glomerular diseases and cancer: evaluation of underlying
malignancy. J Nephrol 10 (2016).

168. Yokoi, H. et al. Intraglomerular metastasis from pancreatic cancer. Am J
Kidney Dis 37, 1299-1303 (2001).

169. Sasaki, K., Kumar, S., Chenal, M. E. & Nicosia, R. F. Intraglomerular

micrometastasis of squamous cell carcinoma. Clin Kidney J 5, 292—-296 (2012).



170. Ronco, P. M. Paraneoplastic glomerulopathies: new insights into an old
entity. Kidney Int 56, 355-377 (1999).

171. Lefaucheur, C. et al. Membranous nephropathy and cancer: Epidemiologic
evidence and determinants of high-risk cancer association. Kidney International
8 (2006).

172. Jhaveri, K. D. et al. Glomerular diseases associated with cancer,
chemotherapy, and hematopoietic stem cell transplantation. Adv Chronic Kidney
Dis 21, 48-55 (2014).

173. Werner, T. L., Agarwal, N., Carney, H. M. & Rodgers, G. M. Management of
cancer-associated thrombotic microangiopathy: what is the right approach? Am J
Hematol 82, 295-298 (2007).

174. Mustonen, J., Pasternack, A. & Helin, H. IgA mesangial nephropathy in
neoplastic diseases. Contrib Nephrol 40, 283—-291 (1984).

175. Magyarlaki, T. et al. Renal cell carcinoma and paraneoplastic IgA
nephropathy. Nephron 82, 127-130 (1999).

176. Oleas, D. et al. Acute interstitial nephritis associated with immune checkpoint
inhibitors: a single-centre experience. Clinical Kidney Journal sfaa008 (2020)
doi:10.1093/ckj/sfaa008.

177. Abdel-Rahman, O. Association between PD-L1 inhibitor, tumor site and
adverse events of potential immune etiology within the US FDA adverse event
reporting system. Immunotherapy 13, 1407-1417 (2021).

178. Hultin, S. et al. Histological diagnosis of immune checkpoint inhibitor induced
acute renal injury in patients with metastatic melanoma: a retrospective case

series report. BMC Nephrol 21, 391 (2020).

163



164

179. Lee, M. D. et al. Rapid corticosteroid taper versus standard of care for
immune checkpoint inhibitor induced nephritis: a single-center retrospective
cohort study. J Immunother Cancer 9, e002292 (2021).

180. Kanduri, S. R. & Velez, J. C. Q. Is rechallenge appropriate in patients that
develop immune checkpoint inhibitor-associated AKI? CON. Kidney360
10.34067/KID.0003902021 (2021) doi:10.34067/KID.0003902021.

181. Baker, M. L. et al. Mortality after acute kidney injury and acute interstitial
nephritis in patients prescribed immune checkpoint inhibitor therapy. J
Immunother Cancer 10, e004421 (2022).

182. Koks, M. S. et al. Immune checkpoint inhibitor-associated acute kidney injury
and mortality: An observational study. PLoS One 16, e0252978 (2021).

183. Shimamura, Y. et al. Incidence and risk factors of acute kidney injury, and its
effect on mortality among Japanese patients receiving immune check point
inhibitors: a single-center observational study. Clin Exp Nephrol 25, 479-487

(2021).






	sfaa008-TF51
	sfaa008-TF1
	table-fn1-0954406217718219

	Títol de la tesi: Afectación renal en el paciente oncológico:
de la fisiopatología a la repercusión nefrológica de los tratamientos oncoespecíficos
	Nom autor/a: Mónica Bolufer Cardona


