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Resumen

Los ensayos clinicos tempranos o fase 1 en oncologia, tienen como objetivo fundamental
evaluar la seguridad y tolerabilidad de los nuevos farmacos, ademas de establecer la dosis
recomendada para continuar con el desarrollo clinico de estos compuestos. Sin embargo, la
intencion terapéutica con el paciente es la que conduce este acto médico. Por tanto, aumentar
el potencial beneficio clinico de los pacientes en estos ensayos continda siendo un reto
actualmente. Dos procesos son fundamentales para lograrlo: i) la seleccion de pacientes y ii)
la valoracién de respuesta al tratamiento. Con el objetivo comun de incrementar este potencial
beneficio clinico de los pacientes tratados en estos ensayos clinicos, en esta Tesis
desarrollamos dos aplicaciones: i) PIPO, una herramienta pronostica interactiva, capaz de
determinar la probabilidad de supervivencia especifica para cada paciente previamente a su
inclusion dentro del estudio, la cual esta construida a través de seis variables clinicas objetivas
y ii) nuevos criterios de enfermedad hiperprogresiva basados en RECIST, para pacientes
tratados con anticuerpos inhibidores del punto de control inmune, que conlleva un impacto en

la supervivencia global de los pacientes.

Abstract

Early drug development refers generally to the first studies of a compound in humans and it is
also known as phase 1 trials. The main objectives of these studies are to determine the safety,
tolerability and the recommended dose of the new compounds for the next trials. However, the
therapeutic intent with the patient should always drive this medical act. Therefore, increase the
clinical benefit for the patients involve in these studies is still a challenge. Two aspects are
fundamental to achieve it: i) patient selection process and ii) response assessment with the new
drugs. With the common objective of improving these process, in order to increase the potential
benefit of patients in early clinical trials, we have develop two applications in this Thesis: i)
PIPO, an interactive prognostic tool, which is able to determine a specific survival probability
for each patient before enrolling the patient in a phase 1 trials; and ii) a new hyperprogressive
disease criteria base on RECIST for patients treated with immune checkpoint inhibitors, that

is associated with an impact in overall survival.
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El desarrollo clinico de farmacos en oncologia ha sido establecido tradicionalmente a
través de 3 fases de ensayos clinicos (EC), con objetivos generalmente diferentes.® Asi, los
ensayos clinicos fase Ill son estudios aleatorizados donde se compara la eficacia del
tratamiento experimental frente al tratamiento estandar a través del impacto que tiene en la
supervivencia global (OS), en la supervivencia libre de progresion (PFS) o en el intervalo libre
de enfermedad (DFS), principalmente.? Los EC fase Il suelen tener como objetivo evaluar la
actividad antitumoral por medio de la tasa de respuesta objetiva®. Por su parte, los ensayos
clinicos tempranos (ECT) o fase 1 son el punto de union entre la investigacion preclinicay los
pacientes. En estos estudios, por primera vez estas drogas son testadas en humanos, por lo que
el objetivo fundamental es evaluar la seguridad, tolerabilidad y establecer la dosis
recomendada para continuar con el desarrollo clinico del nuevo farmaco en estudio.* La tasa
de respuesta objetiva de estos estudios se sitta alrededor de 15% de forma global®, mientas
que el porcentaje de pacientes que experimentan un efecto adverso secundario al tratamiento
grado 3 o superior es alrededor del 10-20%.5 Esto genera un debate inherente entre el objetivo
estadistico principal de estos estudios y el objetivo del acto médico, con la busqueda del
beneficio clinico y terapéutico para los pacientes tratados en estos ensayos. Mientras que la
intencion terapéutica conduce a la participacion de los pacientes en ECT, los investigadores
clinicos debemos intentar buscar a traves del conocimiento el farmaco mas apropiado para
cada paciente, teniendo en cuenta las caracteristicas especificas de cada uno de ellos. Por tanto,
para intentar aumentar el potencial beneficio clinico de estos estudios sobre los pacientes, 2
aspectos son fundamentales: i) la seleccion de pacientes’ y ii) la valoraciéon de respuesta al
tratamiento. Nuestro trabajo se centra en estos dos procesos, tratando de optimizar ambos para

aumentar el beneficio clinico de los pacientes participantes en ECT.
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1.1 Indices prondsticos para la seleccion de pacientes en

ensayos clinicos tempranos

En la Gltima década, el nimero de ECT en oncologia ha ido incrementando
progresivamente hasta practicamente representar mas de un tercio de los estudios en centros
académicos de excelencia con unidades de desarrollo precoz de farmacos. Muestra de ello son
las estadisticas publicadas por el servicio de Oncologia Médica del Hospital Universitario Vall
d"Hebron, donde la unidad de terapia molecular ha pasado de 13 estudios en el afio 2010 a 211
en el afio 2020 y de menos de 100 pacientes incluidos a 306 pacientes, respectivamente.®

El objetivo primario de estos ECT suele ser evaluar la toxicidad e identificar la dosis
maxima tolerada y/o la dosis recomendada para los futuros ensayos clinicos posteriores.® La
actividad antitumoral, medida a través de la tasa de respuesta objetiva, suele ser un objetivo
secundario en estos ensayos clinicos, situdndose por debajo del 20% en estudios no guiados
por biomarcador, generalmente.>1%-12 Por tanto, la seleccion de pacientes para ECT continua
siendo uno de los procesos mas importantes dentro de estos estudios, debido a que es necesario
balancear el riesgo de toxicidad con el limitado potencial beneficio clinico para los pacientes.
Ademas, se trata de una poblacion vulnerable y refractaria a los tratamientos convencionales
en la mayoria de los casos.!314

Para intentar salvaguardar este principio, los ECT establecen criterios de inclusién y
exclusion estrictos,'® tales como: nimero maximo de tratamientos previos, valores analiticos
que reflejen una funcién orgénica normal o determinados grados en escalas de estados
funcionales como el Eastern Cooperative Oncology Group performance status (ECOG PS).
Uno de los criterios mas frecuentemente utilizados para garantizar este balance es una
expectativa de vida de al menos 3 meses, con el fin de minimizar la posibilidad de deterioro

clinico secundario a las drogas de estudio.*®'” Sin embargo, actualmente no existe un consenso
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para poder realizar una estimacion objetiva de este parametro en la practica clinica, y por tanto
se basa en la experiencia clinica del investigador.

En los dltimos 15 afios se han desarrollado multiples indices pronésticos especificos
para ECT con el fin de estimar la probabilidad de supervivencia global de los pacientes. Sin
embargo, ninguno de ellos valora especificamente la probabilidad de un evento temprano antes
de los 3 meses'®?! teniendo en cuenta las caracteristicas individuales de cada paciente.

El primer indice prondstico validado fue desarrollado por la unidad de ensayos clinicos
tempranos del Royal Marsden Hospital (RMH).*8 Para ello se generé el modelo en una cohorte
retrospectiva con 214 pacientes y se validd prospectivamente en otra cohorte con 78 pacientes.
Estos ensayos clinicos evaluaban principalmente nuevas terapias dirigidas y nuevos agentes de
quimioterapia. EI RMH score est4 basado en 3 marcadores objetivos analizados de una forma
dicotdmica: concentracion de albumina, niveles de lactato deshidrogenasa (LDH) y nimero de

organos afectos por metastasis (tabla 1).

Tabla 1. indice pronéstico RMH score!8

Variable Score HR*

LDH 1.85
< ULN 0
> ULN 1

Albumin, g/L 1.83
> 35 0
< 356 1

Sites of metastasis 1.54
0-2 0
> 2 1

Hazard ratio (HR), Limite superior de la normalidad (ULN)

El indice se construye al sumar el score de cada variable (tabla2). Es capaz de
diferenciar dos grupos prondsticos: bajo riesgo (con un score entre 0-1) y alto riesgo (con un

score entre 2-3).
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Tabla 2. Grupos de riesgo en RMH score!®

Buen prondstico 0 o 1 puntos
Mal prondstico 2 0 3 puntos

La mediana de supervivencia global (OS) en el grupo de bajo riesgo fue de 33 semanas

versus 15,7 en el grupo de alto riesgo (P = 0.036).

100 ! !
! ! _Group  Median _ 95%Cl
! | Score 0-1 33 24.3t0 41.6
e i Score 2-3 15.7 10.6 to 20.8
= i
= 804 !
= i
m 1
= I
E 1
= 60+ i
- - N o
= :
= i i
= 404 | |
(=] ! !
- 1 I
g ! Iut * > ue
20_ 1 1
3 | |
1 1
1 1
1 1
i i Log-rank P = .036
0 10 20 30 40 b0 60
Time (weeks)
MNo. of patients at risk
Score 0-1 43 39 30 24 8 1
Score 2-3 35 25 14 14 5 0

Figura 1. Supervivencia global por grupo de riesgo en el estudio del RMH?8

Este score prondstico fue validado en una cohorte externa con 1181 pacientes tratados
en la unidad de ensayos clinicos tempranos del MD Anderson Clinical Center (MDACC)®°,
principalmente con TD en monoterapia 0 en combinacion (88%). En ese articulo, los autores
generan un nuevo indice, en el cual afladen dos nuevos factores pronosticos negativos a los

existentes en el RMH score: ECOG > 1y tumor primario de localizacion gastrointestinal
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(figura 2). Para ello, realizaron un analisis univariado y multivariado en la poblacion de estudio,

tanto en la cohorte de entrenamiento como en la de la validacion (tabla 3).

LDH >618 Albumin <3.5
IU/L = 1 point g/dL = 1 point

Number of metastases ECOG performance Gastrointestinal
>2 =1 point status >1 = 1 point tumor type = 1 point

l

Prognostic score

(0-5 points)

0= low risK . 1= IQW- . 2= irtermediate ] 3= hfgh- . 4/5 = high risk
intermediate risk risk intermediate risk

Figura 2. Factores prondsticos negativos incluidos en el MDACC score y construccion del

modelo?®

Tabla 3. Analisis multivariado de las variables incluidas en el MDACC scorel®

RR for death
Variables (95% ClI) P
Training data (randomly selected 50% of patients)
Albumin < 3.5 g/dL 1.58(1.16-2.15)  0.0035
Number of metastatic 142 (1.15-1.75)  0.0012
sites > 2
LDH > 618 IU/L 1.74 (1.40-2.15) <0.0001
Gastrointestinal tumor type  1.68 (1.36-2.07) <0.0001
ECOG PS > 1 1.32(1.05-1.66) 0.0160
Platelet > 440 K/UL 1.40(1.05-1.88)  0.0230
Prior treatment > 3 1.40(1.10-1.78)  0.0063
Validation data (the remaining 50% of patients)
Albumin < 3.5 g/dL 1.69 (1.25-2.29)  0.0006
Number of metastatic 1.26 (1.03-1.55)  0.0260
sites > 2
LDH > 618 IU/L 1.83(1.48-2.27) <0.0001
Gastrointestinal tumor 142 (1.15-1.76)  0.0010
type
ECOG PS > 1 1.32(1.07-1.64) 0.0110
Platelet > 440 K/UL* 1.35(0.99-1.84)  0.0540
Prior treatment > 32 1.23(0.98-1.55) 0.0730

Los resultados mostraron una clara diferencia en la OS de los pacientes dependiendo del grupo

prondstico basado en el MDACC score (figura 3).
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- 1 359 200
o 2 317 227
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Figura 3. Supervivencia global por grupos prondsticos en base al MDACC*®

La aparicién en la dltima década de la inmunoterapia, sobre todo los anticuerpos que
inhiben los puntos de control inmune (ICIs), ha sido uno de los avances mas importantes en
medicina en los Gltimos afios. Actualmente, son el tratamiento estandar en multiples tumores?>
25y han modificado sustancialmente el portfolio de ECT en las unidades de desarrollo precoz
de farmacos. Hoy en dia, los ensayos que evalGan diferentes drogas de inmunoterapia
representan aproximadamente el 50% de todos los estudios en este tipo de unidades.? Debido
a que los anteriores indices prondsticos son previos al desarrollo de la inmunoterapia, diversos
grupos han elaborado scores especificos para estimar el pronostico de los pacientes incluidos
en ensayos con inmunoterapia.

En este contexto, el departamento de desarrollo precoz de farmacos del Hospital
Gustave Roussy publicé en el afio 2017 The Gustave Roussy Immune Score (GRIM-Score)?,
un indice especifico prondstico para pacientes tratados con inmunoterapia en ECT. EI modelo
se construyé con una cohorte de entrenamiento retrospectiva con 155 pacientes y
posteriormente se validé en una cohorte con 113 pacientes. Basandose en el RMH score, los
autores analizaron el impacto en la supervivencia de 13 variables clinicas categorizadas de

forma dicotomica. Tras un analisis univariado y multivariado (tabla 4), inicamente 3 valores
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tuvieron un impacto negativo en la OS: LDH> UNL, albumina< 35 gramos/lito (g/l) y ratio

neutrofilo-linfocito (NLR)>6.

Tabla 4. Analisis multivariado de las variables incluidas en el GRIm-Score?°

Characieristic

Univariate analysis

Multivariate analysis

HR 954 Cl p Value HR 95%% Cl p Value
Age: 1.55 0.97-2.45 0,063
<h5
=65
ECOG: 0.87 0.21-3.56 0.868
01
=
Gender: 0.7 0.45-1.11 0. 704
Male
Female
LI}H: 2.33 L15-3.74 < 0.0 .77 1.07—-2.91 0025
Elevated
Normal
Albumin: .30 L48—3.60 < 0,001 170 104360 0.035
<35 g/l
=35 pl
MNumber of metastases: 1.12 0.72—1.76 0.615
=2
-3
Haemoglobin: 0,72 0.45—1.14 0,161
<12 gl
=12 gl
Platelets: 1.55 0.77-3.12 0.219
=400,000/mm’
".'-l-llll,{ll(].l‘lnln"
Coefficient NLR: 2.51 1.56—4.02 < (L0 1.75 1.04-2.94 < 0,034
=h
<
Type of trial: 0.58 0.28—1.19 0.139
Monotherapy
Combination
1.35 0.83—2.19 0.225

Mumber of previous lines:

<3
=3

El GRIm-Score categoriza a pacientes con 1 o 0 de estas 3 variables como de bajo riesgo

y a pacientes con 2 o 3 variables como de alto riesgo (tabla 5). La diferencia en la mediana de

OS entre ambos grupos fue estadisticamente significativa (no encontrada versus 4.2 meses,

respectivamente, P < 0.05).
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Tabla 5. Factores prondsticos negativos incluidos en el GRIm-Score y construccion del modelo

] -

GRIm-Score parameters:
LDH > ULN =1
Albumin < 35 g/l =1

NLR > 6 =1
Risk according to OS (m) 95% CI HR (95% CI) Harrell
the GRIm-Score C-index
High risk (2—-3) 4 1.93—6.1 2.94 (1.87—-4.64) 0.7
Low risk (0—1) 17 13.76—20.24

1
1

Zi

5 ‘

8 1

oW

E |

o+

J T T T T T
0 10 20 30 40 50

Overall Survival (weeks)
Number at risk
GRIm Score 0-1 —— 86 62 38 20 1 2
GRIm Score 2-3 —— 27 9 3 2 1 0

Figura 4. Supervivencia global por grupos prondsticos en base al GRIM-score en la cohorte
de validacion®

Con una metodologia similar, el grupo de desarrollo precoz de farmacos de MDACC
analiz6 una cohorte interna con 172 pacientes tratados en ECT con inmunoterapia,
principalmente con farmacos anti-antigeno 4 de linfocitos T citotoxicos (anti-CTLA-4) y anti-
receptor de muerte programada 1 (anti-PD-1). 17 potenciales factores clinicos fueron
estudiados, se utilizé un modelo de regresion en arbol para dicotomizar los valores y encontrar
el mejor punto de corte basado en las diferencias en supervivencia para cada factor clinico. 7

factores fueron independientemente asociados con una peor supervivencia (tabla 6).
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Tabla 6. Factores clinicos asociados a una peor supervivencia en el MDACC con ICls?!

Parameter HR (95% Cl) P-value
Age =52 years 1.6(1.1, 2.4 0.02%0
ECOG>1 28(1.3,6.3) 0.0110
LDH>0.75 x ULN 2.1(1.4,3.2) 0.0003
Platelet > 300 1.8(1.22.8) 0.0064
ANC=>4.9 2.3 (1.6, 3.5) 0.0005
ALC<18 3.3(1.9,5.7) 0.0004
Liver metastases 1.8(1.2, 2.6) 0.0020

ANC = valor absoluto de neutréfilos; ALC = valor absoluto de linfocitos.

La presencia de cada uno de estos factores prondstico supone 1 punto en el score, con

un minimo de 0 puntos hasta un maximo de 7 puntos, generando asi el MDA ICI Prognostic

Score (tabla 7).

Tabla 7. Construccion del modelo MDA ICI Prognostic Score?!

Prognostic factor

Points

Age
<52
52

ECOG

1
-1
LDH

<0.75 x ULN
-0.75 x ULN

|

Platelet

300
300

ANC

4.9
4.9

ALC

18
-1.8

Liver metastases

No

Yes

ANC = valor absoluto de neutréfilos; ALC = valor absoluto de linfocitos.

Los pacientes fueron categorizados en 4 grupos de riesgo, dependiendo el nimero de

factores negativos presentes: bajo riesgo (0-2 puntos), bajo-intermedio (3 puntos), intermedio-

alto (5) y alto riesgo (5-6 puntos). Se observé una clara diferencia en la OS entre los 4 grupos.
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=— 0-2: N = 45, median = 24.2

= 3: N =50, median = 11.6

== 4: N = 44, median = 8.0
5,6: N = 30, median = 3.8

Log rank test P < 0.0001
0.6

o
Y

Overall survival

=3
(%Y

0.0 4

T T T
] 10 20 30
Months

Figura 5. OS por grupos pronésticos en base al MDA ICI2!

Por Gltimo, en un contexto similar, la unidad de desarrollo precoz de farmacos del
Princess Margaret Cancer Centre en Toronto ha generado su propio indice prondstico para
pacientes incluidos en ensayos clinicos tempranos con inmunoterapia, conocido como Princess
Margaret Immune-oncology Prognostic Index (PM-1PI). %6 Fue desarrollada en una cohorte de
entrenamiento con 192 pacientes tratados en 13 ensayos clinicos diferentes, donde se
analizaron 10 potenciales factores clinicos prondsticos. Tras un analisis multivariado,
unicamente 3 factores fueron independientemente asociados a un peor pronéstico: ECOG > 1
(HR 3.2, 95% ClI, 1.8-5.7; P<0.001), més de 2 localizaciones metastasicas (HR 2.0, 95% IC,
1.3-3.1; p=0.003) y valores de albumina por debajo del limite de la normalidad (HR 1.8, 95%
IC, 1.2-2.7; P=0.007). Al igual que con los anteriores indices, los pacientes fueron
categorizados en grupos pronosticos, bajo riesgo con 0-1 puntos y alto riesgo con 2-3 puntos,
demostrandose una menor supervivencia en este Gltimo grupo (HR 3.4, 95% CI, 1.9-6.1;
P<0.001). El PM-ICI fue validado en dos cohortes con 152 y 80 pacientes respectivamente,
obteniendo resultados similares de discriminacion respecto a la cohorte de entrenamiento del
modelo. Los autores ademas compararon su modelo (PM-ICI), con los anteriormente

publicados (RMH, MDA-ICI, GRIm-Score) a través del test estadistico concordance-index

(C-index)?’ (tabla 8).
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Tabla 8. Comparativa de diferentes indices prondsticos para supervivencia global a través de

c-index, en las 3 cohortes publicadas para la validacién del PM-ICI26

Prognostic index
PM-IPI
RMI
GRIm-Score
MDA-ICI

Development Cohort
0.71
0.65
0.64
0.61

Validation Cohort A
0.69
0.63
0.63
0.62

Validation Cohort B
0.68
0.51
0.63
0.60

A pesar de la utilidad de todos estos indices prondsticos, su implementacién en las

unidades de desarrollo precoz de farmacos para decidir la inclusion de pacientes en ECT es

muy baja. Esto puede ser debido a las siguientes limitaciones: i) como hemos mencionado

anteriormente los indices estan construidos en base ensayos con quimioterapia o terapias

dirigidas inicialmente y posteriormente en ensayos con inmunoterapia, pero no de forma

intercambiable o en las 3 modalidades terapéuticas; ii) todos ellos utilizan variables ordinarias

o0 continuas como factores pronosticos que son dicotomizadas en funcidn den un punto de corte

especifico con el objetivo de simplificar el modelo, lo cual puede reducir su capacidad

discriminatoria cuando son aplicados en la clinica; iii) asignan al paciente a un grupo de riesgo

especifico, en vez de estimar el riesgo de evento especifico para cada paciente; iv) por ultimo,

ninguno de ellos tiene como objetivo la estimacion de probabilidad de supervivencia a los 3

meses.
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1.2 Patrones atipicos de progresion en pacientes tratados

con inhibidores del punto de control inmune

Los ICIs han demostrado en multiples ensayos clinico fase 111 un beneficio en OS en
diferentes tipos tumorales cuando se han comparados con tratamientos estandar como
quimioterapia®?28-34, Pese al uso extendido de la inmunoterapia en la Gltima década, la
valoracion de respuesta con estas drogas continda siendo un reto®. Este hecho es debido
principalmente a la aparicion de nuevos patrones de respuestas radiologicas, que no habian sido
previamente observados con quimioterapia, pequefias moléculas o anticuerpos clasicos contra
factores de crecimiento. El primero descrito en la literatura cientifica ha sido el fendmeno de
pseudoprogresion, en el cual pacientes con melanoma metastasico tratados con ipilimumab
presentaban una inicial progresion de la enfermedad definida a través de criterios Response
Evaluation Criteria in Solid Tumours (RECIST)? o por la apariencia visual de un aumento en
la carga de enfermedad, seguido de una regresién tumoral posterior®”. Después de haberse
descrito esta observacion, numerosos ensayos clinicos con ICIs han reportado este fendmeno
de forma retrospectiva o incluso prospectiva en diferentes histologias, con una variabilidad en
la incidencia que va desde un 3.7-8.3% en melanoma?®38:3°, 1.8-6.9% en cancer de pulmén de
célula no pequefa®?4°-42, 2.8-8.8% en carcinoma de células renales**#* y 1.3-1.8% en tumores
de cabeza en cuello®®. Actualmente no existe un consenso sobre la definicion de
pseudoprogresion, aunque la mayoria de los estudios, la establecen como una progresion
tumoral por criterios RECIST con una subsiguiente respuesta parcial al mantener el ICls a la

progresion.

Debido a que los criterios RECIST 1.1 pueden infravalorar el beneficio con
inmunoterapia y la aparicion de pseudoprogresion, nuevos criterios especificos para

inmunoterapia han sido desarrollados para evaluar la eficacia de estas drogas, tales como los
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criterios de respuesta relacionados con inmunoterapia (irRC),*® RECIST inmuno modificado
(imRECIST),*" inmunoterapia RECIST (iRECIST)* o RECIST relacionado a inmunoterapia
(irRECIST).* Todos estos criterios introducen la novedad de permitir continuar el tratamiento
tras determinar la primera progresion y confirmarla en una evaluacion posterior al menos 4
semanas mas tarde, con el fin de poder detectar pacientes con pseudoprogresion o pacientes

con respuestas tardias.

Tabla 10. Caracteristicas de los diferentes criterios para evaluar la respuesta con

inmunoterapia.>°

RECIST 1.1 irRC irRECIST IRECIST imRECIST
Lesion measurement  Unidimensional Bidimensional Unidimensional Unidimensional Unidimensional
Baseline lesion size > 10 mm 5% 5 mm > 10 mm > 10 mm > 10 mm

Baseline lesion
number

CR

PR

SD
PD

Confirmed PD

Appearance of new
lesions

5 total, 2 per organ

Disappearance of all
lesions

> 30% decrease from
baseline

Neither PR nor PD

> 20% increase from
nadir (> 5 mm)

Not applicable

Always PD

10 total, 5 per organ

Disappearance of all
lesions

> 50% decrease from
baseline

Neither PR nor PD

>25% increase from
nadir

At least 4 weeks after

Incorporate in the sum
of measurement

5 total, 2 per organ

Disappearance of all
lesions

> 30% decrease from
baseline

Neither PR nor PD

> 20% increase from
nadir (>> 5 mm)

At least 4 weeks after
and up to 12 weeks
Incorporate in the sum

of measurement

5 total, 2 per organ

Disappearance of all
lesions

> 30% decrease from
baseline

Neither PR nor PD

> 20% increase from
nadir (= 5 mm)

At least 4 weeks after
and up to 8 weeks

Unconfirmed PD, not

included in the sum
of measurement

5 total, 2 per organ

Disappearance of all
lesions

> 30% decrease from
baseline

Neither PR nor PD

> 20% increase from
nadir (> 5 mm)

At least 4 weeks after

Incorporate in the sum
of measurement

CR complete response, irRC immune-related response criteria, iRECIST immune RECIST, imRECIST immune-modified RECIST, irRECIST
immune-related RECIST, PD progressive disease, PR partial response, RECIST response evaluation criteria in solid tumors, SD stable disease

El segundo patrén de respuesta atipico que se ha descrito con ICls es la hiperprogresion
o enfermedad hiperprogresiva (HPD), que se caracteriza por un crecimiento acelerado de la
carga tumoral inmediatamente después de la administracion de la inmunoterapia y con un
potencial efecto deletéreo en determinados pacientes.>! Este fenémeno ha polarizado a la
comunidad cientifica oncol6gica, con grupos que no reconocen claramente su existencia debido
a la falta de racional bioldgico conocido y otros, sin embargo, con lineas de investigacion tanto

clinicas como traslacionales sobre este patron atipico de respuesta.
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Figura 5. Patrones de respuesta con ICIs%?

La existencia de la hiperprogresion fue inicialmente sugerida al observar, en numerosos
estudios fase I1l que comparaban anti-PD1 versus quimioterapia, una menor supervivencia en
el brazo experimental en los primeros meses con un sobre-cruzamiento posterior de las curvas
durante alrededor de los 3-6 meses y finalmente una mejor supervivencia global para el
tratamiento inmunoterapico.?%3353-5 Principalmente, se han planteado 2 hipétesis para explicar
este sobre-cruzamiento: la primera de ellas seria una ausencia total de eficacia de los ICls en
determinados pacientes que presentan factores prondsticos clasicos adversos tales como:
valores elevados de LDH, elevado nimero de localizaciones metastasicas, bajos niveles de
albumina o ECOG PS mayor de 1%. Por tanto, la ineficacia del tratamiento asociada a factores
prondsticos adversos supondria una corta supervivencia en estos pacientes®. La segunda
potencial explicacion es la existencia real del fenémeno de hiperprogresion. Numerosos
estudios han evaluado este patron de respuesta atipico pero todos ellos de una forma

retrospectiva, encontrando una incidencia del 5-29%.5% 61
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Figura 6. Sobre-cruzamiento en la curvas de supervivencia en ensayos clinicos®..

Al igual que ocurre con la pseudoprogresion, no existe actualmente un consenso sobre
los criterios para definir la hiperprogresion. La mayoria de las definiciones utilizan el cociente
del crecimiento tumoral (TGR), el cual compara el crecimiento del volumen tumoral de las
lesiones diana basado en una extrapolacion del sumatorio de las lesiones diana por RECIST
durante el periodo de tratamiento con el ICI y un periodo de referencia inmediatamente
anterior®%606263 Dependiendo de la definicion, el limite del cociente difiere para considerar
una valoracion de respuesta radiolégica como hiperprogresion, aunque en la mayoria de los

casos esta establecido entre 1.5-2.51.61.63.64

Before Baseline First evaluation
(10 weeks before anti-PD-1) (3 weeks before anti-PD-1) (3 weeks after anti-PD-1)

Figura 7. Evolucion de una metastasis pulmonar: a) 10 semanas antes del tratamiento con anti-
PD1, b) imagen basal 3 semanas antes del tratamiento y c) primera evaluacion 3 semanas

después de la primera dosis.>!
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Otros grupos han utilizado metodologias similares, pero cambiando el volumen tumoral
por el sumatorio de las lesiones diana por RECIST directamente. Esto es conocido como

cinética de crecimiento tumoral (TGK).%

Tumor volume

Tumor cells

< > | < >

Pre immunotherapy On immunotherapy

Figura 8. Representacion grafica de los criterios de hiperprogresion. Y pre, suma de las
lesiones diana en la evaluacion previa a la basal. };0, suma de las lesiones diana en la evaluacion
basal. Ypost, suma de las lesiones diana en la primera evaluacion de respuesta con
inmunoterapia. Vpre, volumen de las lesiones diana en la evaluacion previa a la basal. VO,
volumen de las lesiones diana en la evaluacion basal. VVpost, volumen de las lesiones diana en
la primera evaluacion de respuesta con inmunoterapia.®

Ambos criterios basados en TGR y TGK tienen importantes limitaciones. El primero
de ellos es el requerimiento de una evaluacién tumoral por prueba de imagen entre 2 semanas
y 3 meses previa a la evaluacién radioldgica basal para el tratamiento con ICls. Hasta un 15-
20% de los pacientes en diferentes estudios no pudieron ser evaluados para HPD al carecer de
esta informacion®6%63, Otra limitacion importante es que estas definiciones no tienen en cuenta

la aparicidn de nuevas lesiones o la progresion de las lesiones no diana en ninguno de los puntos
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de evaluacién tumoral. Estos dos puntos comprometen su potencial aplicabilidad en la practica
clinica. Por tanto, existe la necesidad de generar una definicion de HPD que supere estas
limitaciones y que: i) sea facil de utilizar y medir sin célculos complejos, ii) tenga en cuenta
tanto lesiones diana como aparicion de nuevas lesiones y iii) sea intuitiva y sencilla de emplear

en la clinica.
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2. Hipotesis

2.1. Hipdtesis primaria

1. EIl desarrollo de herramientas o criterios para la seleccién de pacientes y
valoracion de respuesta a los tratamientos en ECT permite aumentar el

potencial beneficio clinico de estos ensayos.

2.2. Hipotesis secundarias

1. Las variables prondsticas clasicas sin dicotomizar pueden generar una
herramienta pronostica para potenciales pacientes en ensayos clinicos
tempranos que permita estimar y visualizar el riesgo vital individual para cada
paciente en cualquier tiempo del estudio, independientemente del tipo de droga.
Esto permitiria optimizar la seleccion de pacientes para incrementar el
beneficio clinico.

2. La hiperprogresion en pacientes tratados con ICls puede ser capturada por
criterios RECIST adaptados y estar asociada a un impacto en la supervivencia

global de estos pacientes.
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3.0Dbjetivos

3.1 Objetivo primario:

1. Optimizar el potencial beneficio clinico de los pacientes en ECT a través de la seleccion

de los pacientes y la valoracion del patron de respuesta atipico de hiperprogresion.

3.2 Objetivos secundarios:

1. Generar una herramienta prondstica online, que permita estimar la probabilidad de
supervivencia de los pacientes previamente a su inclusion en ensayos clinicos

tempranos, tanto con ICIs como con TD y en cualquier punto temporal del estudio.

2. Desarrollar un criterio de hiperprogresion basado en RECIST adaptado, que permita
capturar este patron atipico de respuesta y que conlleve un potencial impacto en la

supervivencia en pacientes tratados con ICIs.
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and 7.7 m (95% CI, 6.6—8.6) for TAs cohort. In the multivariable analysis, six prognostic vari-
ables were independently associated with OS — ECOG, number of metastatic sites, presence of
liver metastases, derived neutrophils/(leukocytes minus neutrophils) ratio [dNLR], albumin
and lactate dehydrogenase (LDH) levels. The phase 1 prognostic online (PIPO) calculator
showed adequate discrimination and calibration performance for OS, with C-statistics of
0.71 (95% CI 0.64—0.78) in the validation set. The overall accuracy of the model for 3m OS
prediction was 87.2% (95% CI 85%—90%).

Conclusions: PIPO is a user-friendly objective and interactive tool to calculate specific survival
probabilities for each patient before enrolment in a Phlt. The tool is available at https:/pipo.
vhio.net/.

© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Patient selection in phase I clinical trials continues to be
a challenge in the era of immune checkpoints inhibitors
(ICIs) and combinations with small molecules or tar-
geted agents (TAs). Furthermore, phase | trialists are
more frequently dealing with novel compounds and new
trial designs with large expansion cohorts [1]. looking
for preliminary evidence of anti-tumour activity and
safety in different tumour types and disease settings. In
fact, during these last years, certain phase 1 trials have
had registrational value transforming the classical drug
development path. Despite these trends, patients
recruited in phase | trials are mostly refractory to
standard-of-care therapies. Paradoxically, participation
in phase 1 trials requires a minimum required life ex-
pectancy and a lack of significant symptoms. The need
to balance the potential risks of toxicity and benefits of
investigational drugs in this particularly vulnerable
cancer population is critical. Moreover, keeping in mind
that the primary objective of phase 1 studies is to eval-
uate the safety profile and to identify the maximum
tolerated dose [2], with response rates lower than 20%
on average in non-molecularly guided clinical trials [3,4].
Most phase 1 clinical trials use the life expectancy of at
least 3 months as a specific inclusion criterion to mini-
mise the chances of clinical deterioration during the
dose-limiting toxicity (DLT) assessment period. Never-
theless, there is no consensus on how to objectively
make this estimation in real practice.

Several prognostic scores have been developed for
phase 1 trials. Most are based on overall survival (OS)
prediction but not in the specific timepoint of survival
rate at 3 months (3m). These scores were developed for
patients treated with cytotoxic agents or targeted drugs
in phase 1 units of the Royal Marsden Hospital (RMH
score) [5] and the MD Anderson Cancer Center
(MDACC) [6]. More recently, prognostic scores specif-
ically for ICIs have been designed at Gustave Roussy
Hospital, Paris, France, (GRIm-Score) [7] or MDACC
(MDA-ICI) [8]. However, none of them were initially

developed using patients treated with both TAs and
ICIs. Regardless, if these scores are prognostic but not
predictors, there should be no significant differences
when stratifying for treatment type. This was, in fact,
demonstrated in advanced non-small cell lung cancer
(NSCLC) population with Lung Immune Prognostic
Index (LIPI) [9], which has been validated as a prog-
nostic score not only for ICIs but also chemotherapy
and TAs [10]. One additional important limitation of all
published prognostic scores is that continuous and or-
dinary variables are dichotomised using a specific cut-off
point for simplification purposes, which may reduce the
performance of the model when applied in real life [11].

The main objective of this study was to develop an
online prognostic calculator for patients with refractory
advanced solid tumours potentially eligible for phase 1
clinical trials that (i) was independently useful for both
ICIs and TAs; (ii) explored continuous and ordinary
variables without dichotomisation; and (iii) robustly
estimated OS and life expectancy at 3m. Finally, we
wanted to develop a user-friendly online decision sup-
port tool to facilitate clinical application.

2. Patients and methods
2.1. Patients and data collection

We analysed data from patients recruited in phase 1
clinical trials of the Vall d’Hebron Institute of Oncology
(VHIO) between January 2011 to March 2020. The ICI
cohort included 518 patients treated with any ICI drug
as monotherapy or in combination with other immu-
notherapeutic agents (n = 518), while the TAs cohort
included 281 patients treated with single agents and
combinations with other targeted drugs not considered
Tier 1 in the ESMO scale of clinical actionability for
molecular targets (ESCAT)-[12]. All patients received at
least one dose of the experimental compounds.

We retrospectively collected 18 variables from the
electronic medical record, which included patient de-
mographics (age and sex), clinical-pathological variables
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(tumour type, number of metastatic sites, specific sites
with metastases), laboratory parameters at study entry
(lymphocyte count, neutrophil count, derived neutro-
phils/[leukocytes minus neutrophils] ratio [dNLR],
platelets count, albumin and LDH). treatment regimens
(monotherapy or combinations), radiological endpoints
such as tumour assessment by RECIST 1.1, and survival
outcomes (OS and 3m survival rate). We also calculated
the different prognostic scores for each patient: RMH,
GRIm, LIPI, MDACC and MDA ICI for both groups
(TAs and ICIs).

Following the TRIPOD guideline [13], we performed
a temporal data splitting to create a validation set. The
first 70% recruited patients were included in the training
set (n = 558) after balancing for ICIs and TAs treat-
ment. And the last 30% recruited patients were included
in the validation set (n = 241).

All procedures followed were in accordance with the
ethical standards of the responsible committee on
human research (institutional and national) and with the
Helsinki Declaration of 1964 and later versions. This
study was approved by the institutional review board of
Vall d’Hebron University Hospital with a waiver of
informed consent.

2.2. Statistical methods

Our primary endpoint was OS, calculated from the date
of phase 1 first dose until the date of death from any
cause. Univariate Cox proportional hazard (PH) models
were fitted in the training set without dichotomising
ordinary or continuous factors. In order to select vari-
ables with the highest prognostic impact in OS, we
performed a least absolute shrinkage and selection
operator (LASSO) regression using package glmnet in R
software to build the most parsimonious multivariate
model. A multivariable stratified Cox model was fitted
with the selected variables and using the treatment
cohort (ICIs versus TAs) as a stratification factor,
allowing a different baseline hazard function for each
treatment type. We investigated (i) significant in-
teractions between the selected variables and (ii) differ-
ences in the estimation by treatment cohort (P < 0.05
according to ANOVA test). For illustration purposes,
continuous covariates were dichotomised based on
previously reported cut-off points to generate
Kaplan—Meier curves comparing patients with different
risk scores.

We built an R Shiny app to create the phase 1
prognostic online (PIPO) tool. In the prognosis calcu-
lator, we relaxed the linearity assumption for continuous
predictors using restricted cubic splines by means of the
rms R package [14]. Using the estimated coefficient in
the multivariate Cox model. adjusted Kaplan—Meier
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curves can be calculated with patient-specific informa-
tion. To validate the tool, we assessed the discrimination
and calibration performance of the model [15]. We
performed an internal bootstrap validation in the
training set to evaluate optimism in the predictions
(resampling of 1000 iterations), and calibration plots
were calculated for different survival time points. Har-
rell's C-statistic was calculated to determine the
discrimination capacity of the proposed model in the
validation set.

Additionally, using multiple permutations, we calcu-
lated the relative proportion of explained variation in
OS that was accounted for the selected prognostic fac-
tors (survMisc R package) [16]. The median follow-up
was calculated using Kaplan—Meier reverse method.
Imputation of random missing values was carried out
via the mice R package. All analyses were performed
using R statistical software version 3.6.2.

3. Results
3.1. PIPO tool

From January 2012 to March 2020, 799 patients with
different tumour types treated at the VHIO phase 1 unit
fulfilled the inclusion criteria for study participation
(Fig. Al). Baseline patient characteristics are summar-
ised in Table 1, Tables Al and A2. The median follow-
up was 21.2 months (m). Median OS (mOS) was 10.2 m
(95% CI, 9.3—12.7) for the ICIs cohort and 7.7 m (95%
CI, 6.6—8.6) for the TAs cohort.

Fig. 1 describes univariate and multivariate Cox
models for OS in the training set. The most parsimo-
nious OS multivariate model included the followed
prognostic factors assessed at baseline: ECOG perfor-
mance status, number of metastatic sites, liver metas-
tases, derived neutrophils/(leukocytes minus
neutrophils) ratio [dNLR], albumin and lactate dehy-
drogenase (LDH) levels. Separately, results by treatment
cohorts can be found in Table A3. No difference was
found in HR estimations between ICIs and TAs cohorts
(ANOVA test, all p-value >0.05). Fig. 2A illustrates the
relative contribution of each factor in the OS prediction;
factors with the most explained variation in the multi-
variable model were the number of metastatic sites
(28%) and albumin (26.5%). Fig. 2B shows the shape of
the association between selected factors and OS risk
after relaxing the linearity assumption for continuous
variables.

All the selected factors were combined to develop a
prognostic tool for patients treated in early trials, Phase
1 prognostic online (PIPO): https:/pipo.vhio.net/. PIPO
is an interactive tool to calculate specific survival
probabilities for each patient before enrolment in a
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phase 1 trial. End-users can easily see the impact of the
six clinical-pathological and laboratory variables for
prognostication in terms of KM survival curves and
time-point estimates, including 95% CI. Variable are
treated as dichotomous, ordinal or continuous when
appropriate. Table A4 details the final model estimation.

3.2. PIPO score

For illustration purposes, we analysed dichotomised
ordinal and laboratory variables. We classified patients
into prognostic groups based on the number of risk
factors (scores from 0 to 6, see Fig. A2). The prognostic
score showed a clear association with OS in the training
set (Fig. A3). Finally, the score was divided into three
groups in order to facilitate results interpretation: (1)
good prognosis (0—2 points), (2) intermediate prognosis
(4=5 points) and (3) poor prognosis (5—6 points). These
three groups showed major differences in OS (Fig. 3A).
In the good prognosis group, the mOS was 16.3 months;
in the intermediate mOS was 6.6 m (HR 2.21, [95% CI
1.79—-2.72]; p < 0.001) and in the poor prognostic group
mOS was 29 m (HR 490, [95% CI 3.59—6.68];
p < 0.001).

Additionally, we evaluated the PIPO score prognostic
impact separately in the ICIs and the TAs cohort. In the
ICIs cohort, the prognostic groups showed an mOS of
17.6m (95% CI 14—24.3), 6.3m (95% CI 5.7-7.5) and
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3.8m (95% CI 2.5—7.9), respectively. While in the TAs
cohort, the mOS estimation was 14.7m (95% CI
10.3—19.3), 7.1m (95% CI 5.9—8.6) and 2.7m (95% CI
2.4-3.5), respectively (Fig. 3B and C). The difference in
OS between prognostic score groups was again inde-
pendent of treatment type (ANOVA test, p-value
>0.05).

Next, we validated existing prognostic scores (RMH,
MDACC, LIPI, GRim, MDA-ICI) in both populations
(ICIs and TAs), showing a satisfactory OS predictive
capacity independently of treatment type (Fig. A4).

3.3. Model validation

In order to ensure the performance of the model, we
assessed the discrimination and calibration of the PIPO
tool in the training set (n = 558). The C-statistic of the
training was 0.71 (95% CI 0.68—0.74), at bootstrap
resampling set C = 0.70, for a total optimism of 0.01.
We then created a series of calibration plots for different
time points to compare predicted probabilities and
observed probabilities (Fig. 4).

After assessing the performance, we evaluated the
model in the validation set (n = 241). In the good
prognosis group the mOS was 14.4m, in the intermedi-
ate group was 6.3 m (HR 3.36, [95% CI 2.08—5.43];
p < 0.001) and in the poor prognostic group was 2.4 m
(HR 10.1, [95% CI 4.45-23]; p < 0.001) [Fig. 2B].

Overall survival analysis (training set) (n=558, events=426) Univariate analysis Multivariate analysis
HR (95%Cl)  p-value HR (95%Cl) p-value
Age (10-years increase) - 0.93(087-1.01) 0.07
Sex (male vs female) l—-‘i—-l 1.04(0.86-126) 0.67 &
ECOG —e— 1.58(1.29-1.94) <0001 1.31(1.05-162)  0.01
No. of metastatic sites ‘ 2 144 (1.33-157) <0.001 1.28 (1.16 - 1.40) <0,001
Liver metastases (yes vs no) e 176 (1.45-2.14)  <0.001 1.49(1.21-183)  <0.001
Platelet count (100-unit increase) ‘ (g 1.33(1.22-145) <0.001 = =
Albumin - 0.34(0.27-0.43)  <0.001 0.50 (0.39-0.64) <0001
LDH (100-unit increase) ‘I 1.06 (1.04 - 1.08) <0.001 1.04 (1.02-1.06) <0.001
Lymphocytes [ 0.94 (0.80- 1.09) 0.41
Leucocytes ‘ ] 1.06(1.04-1.07) <0.001 - -
Neutrophils Ll 1.06(1.05-1.08) <0.001
Neutrophil/Lymphocyte ratio ‘ - 114 (1.10-1.17) <0.001
dNLR 52l 1.34(1.24-145) <0.001 1.18(1.08-1.29) <0.001
[ T T | 1
025 0.5 1 2 4
Hazard ratio
The

LASSO regression was performed to select the factors to be included in the most parsimonious multivaniate model. The

model was

type
(ICIs vs. TAs). ECOG, performance status; LDH, lactate dehydrogenase; dNRL, derived neutrophils/(leukocytes minus neutrophils) ratio; HR, hazard ratio; CI, confidential

interval.

Fig. 1. Cox models for overall survival in the training set The LASSO regression was performed to select the factors to be included in the
most parsimonious multivariate model. The multivariate model was stratified by treatment type (ICIs versus TAs). ECOG, performance
status; LDH, lactate dehydrogenase; dNRL, derived neutrophils/(leukocytes minus neutrophils) ratio; HR, hazard ratio; CI, confidential

interval.
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Table 1
Study population characteristics.

All patients Training cohort Validation cohort
Total, n (%) 799 (100) 558 (70) 241 (30)
Age years, median (IQR) 59.4 (50.2-67.4) 59.7 (49.2—67.3) 59.2 (51.9-67.8)
Sex, female 413 (51.7) 278 (49.8) 135 (56.0)
Tumor type Breast 95 (11.9) 57 (10.2) 38 (15.8)
CRC 134 (16.8) 76 (13.6) 58 (24.1)
Non-CRC 136 (17) 94 (16.8) 42 (17.4)
gastrointestinal
Gynaecological 76 (9.5) 47 (8.4) 29 (12)
H&N 55(6.9) 397 16 (6.6)
Lung 83 (10.4) 71(12.7) 12 (5)
Melanoma 94 (11.8) 79 (14.2) 15 (6.2)
Others 126 (15.8) 95(17) 31 (12.9)
ECOG, 0 315 (39.4) 206 (36.9) 109 (45.2)
Treatment
Monotherapy 430 (53.8) 307 (55.0) 123 (51.0)
Combination 369 (46.1) 251 (44.9) 118 (48.9)
No. metastatic sites
Median (IQR) 3(2-3) 3(2-3) 3(24)
No. metastatic sites > 2 404 (50.6) 281 (50.4) 123 (51.0)
Liver metastases 354 (44.3) 234 (41.9) 120 (49.8)

Platelet
Median (IQR)

259 (194-325)

260 (200—329)

254 (189-317)

Platelet > 400 105 (13.2) 75 (13.5) 30 (12.6)
Albumin

Median (IQR) 4(3.7-4.2) 4(3.742) 4(3.7-4.3)

Albumin < 3.5 106 (13.3) 84 (15.0) 22 (9.1)
LDH

Median (IQR) 442 (349—631) 441 (349—622) 449 (349—644)

LDH > ULN 534 (66.8) 373 (66.8) 161 (66.8)
Lymphocytes

Median (IQR) 1.3 (1-1.7) 1.3 (09-1.7) 1.4 (1.1-1.8)

Lymphoeytes < 1.2 291 (36.4) 229 (41.0) 62 (25.7)
Leucocytes

Median (IQR) 6.7 (5.2-8.5) 6.5 (5.1-8.6) 7(5.5-8.3)

Leucocytes > 11 73 (9.1) 58 (10.4) 15 (6.2)
Neutrophils

Median (IQR) 4.3 (3.3-5.9) 4.3 (3.3-59) 4.4 (3.4-5.9)

Neutrophils > 7 115 (14.4) 88 (15.8) 27 (11.2)
Neutrophil/Lymphocyte ratio

Median (IQR) 34 (24-49) 34 (25-5) 32(2.34.7)

Neutrophillymphocyte > 6 121 (15.1) 85(15.2) 36 (14.9)
dNLR

Median (IQR) 2.1 (1.5-2.7) 2.1 (1.6-2.8) 1.9 (1.5-2.5)

dNLR > 3 151 (18.9) 108 (19.4) 43 (17.8)

N, number; IQR, interquartile range; CRC, colorectal, H&N, head and neck; ECOG, performance status; LDH, lactate dehydrogenase; dNRL,
derived neutrophils/(leuk ocytes minus neutrophils) ratio HR.

Overall, the C-statistics in the validation set was 0.71
(95% CI 0.64—0.78).

3.4. Objective measurement of life expectancy at 3 months

To evaluate the model capacity with the PIPO tool to
detect deaths within 3 months, we first assess the per-
formance of the three prognostic groups in the valida-
tion set. Fifty per cent of patients with a poor prognosis
score (5—6 points) die before 3 months, 18.7% in the
intermediate score and only 4.7% in the good prognostic
score (I'ig. 3B).
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PIPO tool i1s also able to estimate the individual
probability of death at 3 months with 95% CI. When the
3m OS rate was less than 60%, we considered that the
patient had a low life expectancy, and therefore, would
not have fulfilled inclusion/exclusion criteria for the
phase 1 clinical trial. We tested each patient with a
follow-up of at least 3 months in the pooled cohort (749
out of 799), using the cut-off of 60% as described above
and compared it with real survival data at the same
time-point. The overall accuracy for 3m OS prediction
was 87.2% (95% CI 85%—90%), and the area under the
precision-recall curve was 95.4% (95% CI 93%—97%).
The specificity was 98.6% (95% CI 98%—99%), with only
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Fig. 2. Impact of clinical variables on PIPO tool. A. Relative contribution of each factor in the overall survival prediction. B. Shape of
association between selected factors and overall survival risk after relaxing the linearity assumption for continuous variables. ECOG,
performance status; LDH, lactate dehydrogenase; dNRL, derived neutrophils/(leukocytes minus neutrophils) ratio; HR, hazard ratio; CI,
confidential interval.

8 out of 31 (25.8%) patients predicted to have a life  correctly identified. The positive predicted value was
expectancy <3 months living longer than 3 months. The 74.2% (95% CI 55%—88%), 23 out of the 31 patients
sensitivity was 20.9% (95% CI 14%—29%), with 23 out labelled as high risk of dying within 3 months having an
of 110 patients thag died within the first 3m being  early death.
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4. Discussion

The ability to improve patient selection in phase 1
clinical trials is crucial for all stakeholders in drug
development: patients, clinicians, pharmaceutical com-
panies and regulatory agencies. The main objectives of
this selection are [1]: minimise the potential for toxicity
and worsening the quality of life of participating pa-
tients; and [2] obtaining solid, robust and reproducible
data regarding the safety and efficacy profile of the
compound to aid in further drug development. With this
purpose having a life expectancy of at least 3 monthsis a
universally accepted criterion in phase 1 trials. However,
the capability to predict survival is a challenge, and this
criterion remains mostly a clinical “best guess”. The
current study describes the development and validation
of the phase 1 prognostic online (PIPO) tool. With 518
patients treated with ICIs in phase 1 trials, it is the
largest series published with this objective and also the
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first tool developed and validated for both ICIs and TAs
in phase 1 trials independently.

The PIPO tool is built on objective clinical and
analytical parameters: ECOG, number of metastatic
sites, presence of liver metastases, dNLR, albumin and
LDH levels. All these variables were tested in the uni-
variate and multivariate analysis of the training set with
the overall population (Fig. 1, n = 558) and separately
by treatment type (Table A3; ICIs = 362 and
TAs = 196), maintaining their impact in OS, with the
exception of ECOG status in TAs population. Of note,
all patients participated in phase 1 trials, so their ECOG
at the time of study entry was mostly 0 or 1. It has been
demonstrated that the LIPI score works as a discrimi-
natory prognostic index in patients treated with
chemotherapy or TAs [17]. Here, we tested the ICIs
scores in the TAs population and vice-versa (I'ig. A4),
showing that their prognostic roles are independent of
treatment modality, in line with their prognostic and
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TAs in the training cohort (n=196) and D) the validation cohort (n=241).

Fig. 3. OS analysis using PIPO score.
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Fig. 4. Calibration plots.

non-predictive nature. For this reason, the PIPO tool
was developed and is useful for both treatment types.

All PIPO parameters have been reported previously
as important prognostic factors and included in several
prognostic indexes [5,6,8,9]. In fact, the PIPO tool is
based on combining parameters of different scores:
RMH criteria (number of metastatic sites, albumin and
LDH levels), LIPI criteria (ANLR and LDH levels) plus
ECOG and presence of liver metastases. The novelty of
the PIPO tool relies on two important considerations.
First, in all of these indexes, ordinary variables are
dichotomised wusing a specific cut-off point. For
example, an LDH value above the upper normal limit
(UNL) is assigned with 1 point, and normal values with
0 in the classic scores [5,7,9]. The price to pay for this
simplification is a substantial loss in prognostic infor-
mation. Continuing with the same example, it would
grade with the same score two patients with very
different LDH levels such as 1.1 x UNL or 10 x UNL
(1 point) and differently for two patients with similar
values around the cutoff point such as 0.9 x UNL and
1.1 x UNL (0 and 1 point respectively). PIPO prog-
nostic tool uses all available information with no
simplification to better adjust the prognostic model. The
second important aspect to highlight is that the PIPO
tool provides a patient-specific risk prediction for any
given time point; instead of assigning patients to a pre-
determined risk group where estimation of the individ-
ual risk is compromised.

To our knowledge, the PIPO tool is the first prog-
nostic model estimating a specific probability of early
death (before 3 months after enrollment) for each

patient in phase 1 trials. As stated before, this parameter
i1s a universal inclusion criterion in drug development
studies; however, its evaluation is completely subjective
and based on the clinical experience of the physician. All
patients in this study met the eligibility criteria for each
specific trial in which they were included; despite this,
110 patients out of 749 with enough follow-up died in
the first 3 months (14.6%). Using the PIPO tool to
evaluate a 3m OS rate of less than 60%, our specificity
was high (98.6%) with good overall accuracy (87.2%)
and precision-recall (95.4%). However, sensitivity was
low (20.9%), indicating PIPO was not able to capture
early deaths in multiple cases, as they may be due to
several causes such as toxicity, infections or even
hyperprogression with ICls, which are not detected by
prognosis factors [18]. However, the specificity and the
positive predictive value reflect the fact that when the
model detects a potential early death, it will be very
likely to observe the patient’s death within the first 3
months.

Our study has some limitations. First, although the
data were collected prospectively in patients partici-
pating in phase 1 clinical trials, the analysis is
retrospective and conducted in a single institution. PIPO
prognostic model has been internally validated; howev-
er, an additional external prospective validation is rec-
ommended. Second, both the training and validation
cohorts include multiple tumour types and different
treatment regimens both as monotherapy and in com-
bination; this heterogeneity might potentially influence
the survival results, despite the adjustments made in the
multivariate analysis. However, we believe that our
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diverse cohort represents the real-world population of
phase | trial patients, and the PIPO web application will
facilitate external validation by other institutions.

In conclusion, the PIPO tool is a user-friendly
calculator risk to prognosticate survival events in pa-
tients involved in phase 1 trials, independently of the
treatment type. Based on a combination of ordinary
classic prognostic factors without dichotomisation, the
model allows for a patient-specific prediction. PIPO tool
is able to help the physician in the decision-making
process, evaluating patients in phase 1 trials and sup-
porting their decisions; the tool is available at https://
pipo.vhio.net/.
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| ABSTRACT _

Purpose: Most hyperprogression disease (HPD) definitions are
based on tumor growth rate (TGR). However, there is still no
consensus on how to evaluate this phenomenon.

Patients and Methods: We investigated two independent
cohorts of patients with advanced solid tumors treated in phase I
trials with (i) programmed cell death 1 (PD-1)/PD-L1 antibodies in
monotherapy or combination and (i) targeted agents (TA) in
unapproved indications. A Response Evaluation Criteria in Solid
Tumors (RECIST) 1.1-based definition of hyperprogression was
developed. The primary endpoint was the assessment of the rate of
HPD in patients treated with ICIs or TAs using both criteria
(RECIST and TGR) and the impact on overall survival (OS) in
patients who achieved PD as best response.

Results: Among 270 evaluable patients treated with PD-1/PD-L1
inhibitors, 29 PD-1/PD-L1-treated patients (10.7%) had HPD by
RECIST definition. This group had a significantly lower OS (median
of 5.23 months; 95% CI, 3.97-6.45) when compared with the non-

Introduction

The introduction of immune-checkpoint inhibitors (ICIs) in the
cancer therapeutic arsenal has been one of the most important
advances in medicine in recent years. Several ICIs have already been
approved for the treatment of different tumors. Most of these
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HPD progressor group (median, 7.33 months; 95% CI, 4.53-10.12;
HR=1.73,95%CI, 1.05-2.85; P=0.04). In a subset of 221 evaluable
patients, 14 (6.3%) were categorized as HPD using TGR criteria,
differences in median OS (mOS) between this group (mOS
4.2 months; 95% IC, 2.07-6.33) and non-HPD progressors (n =
44) by TGR criteria (mOS 6.27 months; 95% CI, 3.88-8.67) were not
statistically significant (HR 1.4, 95% IC, 0.70-2.77; P = 0.346).
Among 239 evaluable patients treated with TAs, 26 (10.9%) were
classified as having HPD by RECIST and 14 using TGR criteria in a
subset of patients. No differences in OS were observed between HPD
and non-HPD progressors treated with TAs.

Conclusi HPD ed by TGR or by RECIST was
observed in both cohorts of patients; however, in our series, there
was an impact on survival only in the immune-checkpoint inhibitor
cohort when evaluated by RECIST. We propose a new way to
capture HPD using RECIST criteria that is intuitive and easy to use
in daily cinical practice.

approvals have been based on phase I clinical trials that compared
ICIs with chemotherapy or targeted therapies as standard treatments
in a wide range of malignancies such as melanoma (1-3), non-small-
cell lung cancer (NSCLC) (4-8), head and neck squamous-cell carci-
noma (HNSCG; refs. 9, 10), urothelial carcinoma (11, 12), and renal
cell carcinoma (RCG; refs. 13, 14), among others. In orphan tumors
such as Merkel cell carcinoma, uterine cervical carcinoma, or micro-
satellite instability-high (MSI-H) tumors, their approval has been
based on single-arm phase II clinical trials (15-19). Despite the
widespread use of ICIs, response assessment to these drugs
continues to be a challenge. New patterns of response such as
pseudoprogression, with an estimated incidence of around 5% to
10% of cases (20), prompted revision of the classically used Response
Evaluation Criteria in Solid Tumors (RECIST). Since then, disease
progression needs to be confirmed in a second tumor assessment
performed at least 4 weeks apart in clinically stable patients by means
of new response criteria such as immune-related response criteria
(irRC), immune-related RECIST (irRECIST), or immune RECIST
(iRECIST; refs. 21-23).

Hyperprogressive disease (HPD) is a phenomenon described more
recently with ICI treatment (24, 25). The actual concept of HPD,
whereby patients experience significant increase of their disease
burden right after ICI exposure, remains currently under discussion.
In some phase I1I studies comparing ICIs versus chemotherapy, there
is inferior progression-free survival (PFS) and/or overall survival (OS)
during the first 3 to 6 months in the ICI arm, with later overcrossing of
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Translational Relevance

This study of two independent cohorts of patients [270 in the
immune-checkpoint inhibitor (ICI) cohort and 239 in the targeted
agent (TA) cohort] observed a hyperprogressive disease (HPD) rate
of 10.7% (29 patients) and 10.9% (26 patients) using RECIST
criteria, respectively. Fourteen patients (6.3%) were classified as
HPD in both cohorts defined by TGR criteria. However, significant
overall survival difference was observed exclusively with RECIST in
the ICI cohort; the HPD group had a significantly lower median
overall survival (mOS) of 5.23 months when compared with the
non-HPD progressor group, with an mOS of 7.33 months. We
show that the radiologic definition of HPD following both TGR
criteria and RECIST criteria occurs in both cohorts. However, in
our cohort, HPD, whereby a specific treatment causes a worsening
of survival, seems to occur with ICIs and not by TAs. Our study
suggests HPD can be captured using RECIST criteria, streamlining
the evaluation of this phenomenon in the clinic. Patients with HPD
should not continue treatment beyond progression, and an alter-
native salvage therapy without anti-PD-1/PD-LI should be recom-
mended. Applying this definition to clinical trials performed so far
could deepen our knowledge of the true incidence and implications
of this event and could aid in the translational research being
performed to discover predictive biomarkers of this new pattern of
response.

survival curves, with improved long-term outcomes with anti-PD-1
antibodies (4, 7,9-11, 26). These results in favor of the control arms in
the first months have mainly been attributed to two potential explana-
tions: (i) total lack of efficacy and (ii) HPD and early deaths with ICIs.
Its incidence varies from 5% to 29% of patients, depending on the
tumor type and definition (25, 27-29). Given the fact HPD implies a
worsening due to a specific treatment, most classifications define it by
using tumor growth rate (TGR), which compares the tumor growth of
the target lesions during ICI treatment and a reference period imme-
diately prior to ICIs (3 months to 2 weeks; refs. 24, 28-31). These
methods have some clinically important limitations, such as (i)
requiring a prior computed tomography (CT) scan, which can some-
times be difficult to retrieve, is not available or has been performed
outside the established reference period; and (ii) the assessment of new
lesions and nc irable disease is not accounted in the definition of
TGR; however, in certain tumor types, over half the patients with
progressive disease have new lesions and progression due to an
increase in the nontarget lesions (32, 33).

Given these difficulties, HPD still remains more of an intuition of
the treating physician for an individual patient than a phenomenon
that is evaluated and measured in a standardized way. To overcome
these limitations, we explored if HPD could be identified using an
adapted RECIST criterion in patients treated with ICls in phase I
clinical trials, in order to assess the concept in a more applicable
way in the clinic. We also cross-compared patients with HPD
captured by RECIST definition and by the original TGR criteria
(increase in TGR of more than two times during ICI treatment vs.
reference period; ref. 24). To determine if this phenomenon is
exclusively seen with ICIs, we analyzed a control cohort of patients
treated with targeted agents (TA) in phase I clinical trials (34).
Finally, we investigated clinical, laboratory, and radiology para-
meters that could understand and predict HPD according to
RECIST criteria.

AACRJournals.org

Hyperprogression Disease Captured by RECIST 1.1 Criteria

Patients and Methods

Patients

Patients treated with anti-PD-1/PD-L-1 monoclonal antibodies as
monotherapy or in combination with other immunotherapeutic
agents exclusively, in phase I clinical trials at Vall dHebron Institute
of Oncology (VHIO) included between January 2012 and June 2018,
were analyzed (n = 287). For the control cohort, we collected data from
patients treated in phase I clinical trials with TAs in monotherapy or
combination with other targeted drugs considered Tier 2 to 3 in the
ESMO scale of clinical actionability for molecular targets (ESCAT;
ref. 34) included between January 2011 and January 2018 (n = 280).
We excluded from both cohorts patients without a complete first
tumor response assessment or not evaluable by RECIST (Supplemen-
tary Figs. S1 and S2). There was no patient overlap in both cohorts and
no patients in the TAs cohort were treated with ICIs subsequently.

All procedures followed were in accordance with the ethical stan-
dards of the responsible committee on human research (institutional
and national) and with the Helsinki Declaration of 1964 and later
versions. This study was approved by the institutional review board
of Vall d'Hebron University Hospital, and informed consent from
participants was not required because of the retrospective nature.

Radiologic evaluation

CT scans were acquired at baseline and every 6 to 8 weeks as per
clinical trial specifications. The baseline CT scan (performed up to
7 days before treatment initiation) and the first CT scan for response
assessment (week 6 or 8 = 7 days) were reviewed. In order to evaluate
HPD by TGR criteria, CT scans performed between 3 months and
2 weeks previous to the baseline CT scan were also reviewed. The TGR
was assessed according to the definition by Ferte and colleagues tumor
growth (TG) is equal to TG = 3 Log(Dt/D0)/t, where D is tumor size
defined as the sum of the longest diameters of the target lesions as per
RECIST 1.1. TGR were expressed as a percentage increase in tumor
volume during 1 month using the following transformation formula:
TGR = 100 (exp(TG) —1), where exp(TG) represents the exponential
of TG (31).

The specifications of the image acquisition protocol are summarized
in Supplementary Table S1. Previous-to-baseline CT scans were
considered for evaluation only when they fulfilled the image acqui-
sition requirements as per RECIST, with at least 5-mm contiguous slice
thickness.

Target lesions defined by RECIST for every patient were collected at
baseline and after treatment. In the ICI group, patients with progres-
sive disease (PD) as best response who were clinically stable could
continue treatment until PD confirmation in a second assessment at
least 4 weeks apart, as per clinical trial specifications. In order to assess
the rate of HPD by TGR, the same target lesions were identified and
measured at the previous-to-baseline CT scan by an experienced
radiologist (R. Perez-Lopez). Diameters of the target lesions before
starting treatment with the ICIs were collected. The dates of the CT
scans were also collected to calculate time between scans. All CT scans
were centrally reviewed by two independent radiologists from two
different centers (J. Mateos and R. Perez-Lopez).

Definition of HPD based on RECIST criteria

We defined HPD based on RECIST as PD in the first 8 weeks after
treatment initiation and minimum increase in the measurable lesions
of 10 mm plus: (i) increase of >40% in sum of target lesions compared
with baseline [which represents doubling in unidimensional target
lesions compared with classic RECIST PD criterion (20%)]; and/or (ii)

Clin Cancer Res; 26(8) April 15, 2020
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Matos et al.
First tumor assessment Definition
TGR criteria cls TGR exp_period
HPD = >2
TGR ref_period
TGR experimental period
HPD = 1.4 x baseline sum target
/ lesions
ICls
RECIST criteria PDin 8 weeks or less OR
HPD = 1.2 x baseline sum target lesions +
new lesions in at least two different organs
Time
Figure 1.

Definition of HPD, according TGR criteria and RECIST criteria.

increase of >20% in sum of target lesions compared with baseline (the
classic RECIST PD criterion) plus the appearance of new lesions in at
least two different organs (Fig. 1). The reason to include both criteria
(i and ii) as HP alternatives is that we noticed that some patients
experienced progression that is largely driven by multiple new met-
astatic sites and not major target lesion growth. Importantly, the
RECIST-based criteria to capture HPD were defined before the
statistical analysis was performed, to avoid bias.

Statistical analyses

Survival analysis was calculated using the Kaplan-Meier method,
and log-rank test was used for statistical comparison. Overall survival
(defined as time from treatment initiation to death or last follow-up)
and time from initial progression by RECIST to study discontinuation
[in patients with treatment beyond progression (TBP)] of patients with
PD as best response were evaluated according to their classification as
HPD using RECIST and TGR criteria. The median follow-up was
calculated using Kaplan-Meier reverse method. We performed a
landmark analyses with OS calculated from the initial date of pro-
gression by RECIST to death or last follow-up. RECIST and TGR
criteria were compared and analyzed to assess their performance using
Fisher exact tests and concordance using kappa value. Univariate Cox
proportional-hazard models were used to obtain hazard ratios (HR)
with 95% confidence interval (CI). Statistical comparisons were per-
formed using Student ¢ test or Mann-Whitney-Wilcoxon test for
continuous parametrical and nonparametrical variables. Chi-square or
Fisher exact tests were used for categorical variables. All P values were
two-sided, and values less than 0.05 were considered statistically

1848 Clin Cancer Res; 26(8) April 15, 2020

significant. Statistical analyses were performed using a software pro-
gram (SPSS for MAC, version 25.1; IBM Inc.).

Results

ICls cohort

From January 2012 to June 2018, 287 patients with different
tumor types received treatment in the context of a clinical trial with
anti-PD-1/PD-L1 monotherapy (41.6%) or combination (58.4%) in
the Early Drug Development Unit at VHIO. Seventeen (5.9%) patients
experienced clinical progression or toxicity before the first tumor
assessment as illustrated in the flowchart (Supplementary Fig. S1). A
total of 270 p were d and evaluable for HPD. Clinical
charactenstlcs are described in Tnble 1. The median follow-up was
16.9 months (95% CI, 14.6-19.1 months). Median OS (mOS) was
10.93 months (95% CI, 8.52-13.34 months). No case of pseudopro-
gression as per iRECIST criteria was observed.

We independently analyzed patients with PD as best response (n =
107). Median time from cycle 1 day 1 to first CT scan was 6.5 weeks
(95% CI, 6.2-6.9 weeks) in these patients. Overall, 29 patients (10.7%)
were considered HPD by RECIST definition, representing 27.1% of the
evaluable patients with PD as best response. In this population,
patients with HPD had significantly lower OS as compared with the
non-HPD group, with mOS of 5.23 months (95% CI, 3.97-6.45) versus
7.33 months (95% CI, 4.53-10.12), respectively (HR = 1.73; 95% CI,
1.05-2.85; P = 0.04; Fig. 2). Landmark analyses showed very similar
results (HR = 1.73; 95% CI, 1.04-2.84; P = 0.03; Supplementary
Fig. $3). When stratified by treatment line (second or third line), the
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Table 1. Clinical variables in patients treated with ICls.

Hyperprogression Disease Captured by RECIST 1.1 Criteria

All Non-HPD HPD P All Non-HPD HPD P
patients by RECIST by RECIST (Fisher patients® by TGR by TGR (Fisher
Variable Group (n=270) (N=241) (N=29)  exacttest) (N=221) (N=206) (N=14) exact test)
Gender Female 121 (44.8%) 112 (465%) 9 (31%) 98 (44.3%) 92 (44.7%) 6 (42.9%)
Male 149 (55.2%) 129 (53.5%) 20 (69%) 123 (55.7%) 115 (55.3%) 8 (57.1%)
0.4 0.908
Age (y) <65 186 (68.9%) 167 (69.3%) 19 65.5%) 149 (67.4%) 142 (68.6%) 7 (50%)
>65 84 (31.1%) 74 (30.7%) 10 (34.5%) 0.678 72 (326%) 65 (31.4%) 7 (50%) 0.236
Histology Melanoma 55(20.4%) 50 (20.7%) 5 (17.2%) 42 (19%) 41(19.8%)  1(7.1%)
NSCLC 32 (1.9%) 28 (.6%) 4 (13.8%) 27 (122%) 26 (126%) 1(7.1%)
Colorectal 24 (8.9%) 21 (8.7%) 3(10.3%) 18 (8.1%) 15 (7.2%) 3(21.4%)
Gastric 21 (7.8%) 21 (8.7%) 0 (0%) 17 (7.7%) 16 (7.7%) 1(7.1%)
TNBC 21(7.8%) 18 (7.5%) 3(10.3%) 14 (6.3%) 13 (6.3%) 1(7.1%)
H&N 20 (7.4%) 16 (6.6%) 4 (13.8%) 18 143%) 16 (7.7%) 2 (14.3%)
Cervical 16 (5.9%) 16 (6.6%) 0 (0%) 13 (6.3%) 13 (6.3%) 0 (0%)
Bladder 14 (5.2%) 1 (4.6%) 3(5.2%) 10 (4.8%) 10 (4.8%) 1(7.1%)
Others 67 (24.8%) 60 (24.0%) 7 (24.1%) 57 (27.5%) 57 (27.5%) 4 (28.6%)
0.412 0.659
Lymphocyte count <19 205 (75.9%) 182 (75.5%) 23 (79.3%) 167 (75.6%) 155 (74.9%) 12 (85.7%)
>19 65 (24.1%) 59 (24.5%) 6 (20.7%) 54 (24.4%) 52 (251%) 2 (14.3)%)
0.652 0.526
Neutrophil count <49 172 (63.7%) 151 (62.7%) 21 (72.4%) 142 (62.8%) 130 (62.8%) 12 (85.5%
>4.9 98 (36.3%) 90 (37.3%) 8(27.6%) 79 (372%) 77 (37.2%) 2(14.3%)
0.302 0.083
dNLR <3 224 (83.3%) 199 (82.9%) 25 (86.2%) 190 (86.4%) 177 (85.9%) 13 (92.9%)
>3 45 (16.7%)  41(17.1%) 4 (13.8%) 30 (13.6%) 29 (141%)  1(7.1%)
0.796 0.699
Platelet count <300 177 (65.8%) 159 (66.3%) 18 (62.1%) 146 (66.4%) 135 (65.5%) 11 (78.6%)
>300 92 (34.2%) 81(33.8%) 1 (37.9%) 74 (33.6%) 71(345%) 3 (21.4%)
0.654 0.318
Albumin <35 34 (126%) 29 (121%)  5(17.2%) 28 (127%) 27 (131%)  1(7.1%)
>35 235(87.4%) 211(87.9%) 24 (82.8%) 192 (87.3%) 179 (86.9%) 13 (92.9%)
0.386 1
LDH <375 72(31.9%) 62(30.8%) 10 (40%) 60 (331%) 56 (335% 4 (28.6%)
>375 154 (68.1%) 139 (69.2%) 15 (60%) 121(66.9%) 111(66.5%) 10 (71.4%)
0.354 1
No. of metastatic sites <2 141(522%) 130 (53.9%) 1 (37.9%) 122 (55.2%) 118 (57%) 4 (28.6%)
>2 129 (47.8%) 11 (461%) 18 (62.1%) 99 (44.8%) 89 (43%) 10 (71.4%)
0.103 0.04
Liver metastasis no 172 (63.7%) 157 (65.1%) 15 (51.7%) 146 (66.1%) 143 (69.1%) 3 (21.4%)
yes 98 (36.3%) 84 (34.9%) 14 (483%) 75(33.9%) 64 (30.9%) 1 (78.6%)
0.156 0.001
IPI score prognosis Good 103 (38.1%) 91(37.8%) 12 (41.4%) 92 (41.6%) 88 (425%) 4 (28.6%)
Intermediate 135 (50%) 120 (49.8%) 15 (51.7%) 107 (48.4%) 98 (47.3%) 9 (64.3%)
Poor 32 (11.9%) 30 (124%) 2(6.9%) 22 (10%) 21 (10.1%) 1(7.1%)
0.677 0.470
MDA-ICI prognosis Good 67 (24.8%) 59 (245%) 8 (27.6%) 57 (25.8%) 56 (271%) 1(7.1%)
Intermediate 165 (61.1%) 147 (61%) 18 (62.1%) 136 (61.5%) 125 (60.4%) 11(78.6%)
Poor 38 (14.1%) 35(145%) 3 (10.3%) 28 (127%) 26 (126%) 2 (14.3%)
0.808 0.253
Previous ICI treatment No 214 (79.6%) 192 (80%) 22 (75.9%) 177 (80.5) 165 (80.1%) 12 (85.7%)
Yes 55 (20.4%) 48 (20%) 7 (24.1%) 43 (19.5%) 41(19.9%) 2 (14.3%)
0.602 1
Type of inhibitor PD-1 174 (64.4%) 151(62.7%) 23 (79.3%) 140 (63.3%) 130 (62.8%) 10 (71.4%)
PDL1 96 (35.6%) 90 (37.3%) 6 (20.7%) 81(36.7%) 77 (37.2%) 4 (28.6%)
0.077 0.517
Combination of ICls No 14 (42.2%) 109 (45.2%) 5 (17.2%) 99 (44.8%) 97 (46.9%) 2 (14.3%)
Yes 156 (57.8%) 132 (54.8%) 24 (82.8%) 122 (55.2%) 10 (53.1%) 12 (85.7%)
0.004 0.018

Al patients evaluable for TGR criteria.
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association between HPD and worsened outcomes was maintained
(Supplementary Fig. $4).

In the multivariable analysis for OS in patients with PD as best
response, including classically well-described prognostic factors [age,
LDH, alb liver more than two metastasis sites,
derived neutrophils/(leukocytes minus neutrophils) ratio (ref. 35;
dNLR) and count platelets], HPD using RECIST definition remained

was 29.66 months (95% CI, 23.6-35.7 months) and mOS was
7.93 months (95% CI, 6.90-8.95 hs). From 119 pati who
had PD as best response, 26 (21.8%) were classified as HPD by RECIST
criteria. No differences in OS were observed between HPD group

Table 2. Multivariate model in patients with progression disease
as best response in the ICI group.

a significant prognostic factor together with low alb high LDH,
and liver metastases (Table 2). Overall survival
Overall, 34 patients continued tre beyond progressi Full analysis
RECIST criteria. Time from initial progression to study discontinu- ~ Variable HR (95% IC) P value
ation was 0.9 m (95% CI, 0.65-1.15) in the HPD group (n = 10) versus N (events) Level o707
1.4 months (95% CI, 1.14-1.46) in the non-HPD progressors (HR = Age >65(y)/<65 0.87 (0.46-1.65) 0.669
1.45; 95% CI, 0.67-3.10; P = 0.34). Lymphocyte count <19/>19 084 (0.42-169) 0623
Neutrophil count >4.9/<49 1.06 (0.48-2.33) 0.881
TAs cohort dNLR >3/<3 1.27 (0.64-2.51) 0.495
Overall, 239 patients treated with TAs were included in the HPD  Platelet count >300/<300 102 (0.50-2.08) 0.948
analysis. A total of 41 patients (17.2%) were excluded due to clinical Albumin <35/>35 213 (1.02-4.46) 0.043
progression or toxicity before the first tumor response assessment as LDH . 2ULN/<ULN 280 (130-6.08)  0.009
indicated in the flowchart (Supplementary Fig. $2). Main ct i :o. of metastatic sites = >2/<2 1.42 (0.79-2.55) 0238
- . : D ver metastases Yes/no 2.03 (1.20-3.46) 0.009
istics otj the 239 patients are l.xsted in Supplementary Tab!e §2.Noneof | on ReciST) Yes/no 202 (113-361) 0.018
the patients had received prior ICI treatment. The median follow-up
1850 Clin Cancer Res; 26(8) April 15, 2020 CLINICAL CANCER RESEARCH
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Figure 3.

Tumor growth rate during the reference and experimental periods of the patients included in the ICl and TA cohorts who were evaluable for HPD following both
criteria. Patients with new lesions are also shown. Patients categorized as HPD following TGR are marked inred, patients categorized as HPD following RECIST criteria

are marked with an R. A, ICI cohort. B, TA cohort.

(mOS 4.23 months; 95% CI, 3.42-5.04) and non-HPD progressor
group (mOS 5.7;95% CI, 4.99-6.4; HR 1.09, 95% CI, 0.7-1.7; P = 0.70),
as seen in Fig. 2.

Comparison between HPD by RECIST definition versus TGR
evaluation

HPD using TGR assessment was evaluated for every patient from
the previously described ICIs cohort whenever possible. From a total of
107 patients with PD as best response, 32 (30%) could not be assessed
for the previous-to-baseline CT scan: 22 (21%) did not havea previous-
to-baseline CT scan and 10 (9%) had no measurable disease. From the
75 remaining patients, 17 (19%) had no availabl li
CT scan during the established reference period (within 3 months and
2 weeks before baseline). A total of 58 patients were evaluable following
both definitions. The time between previous-to-baseline and baseline
CT scans was 45.36 + 20.98 days (mean =+ standard deviation). The
time between baseline and follow-up CT scans was 58.79 + 11.20 days
(mean =+ standard deviation).

Fourteen patients (24.13% of patients with PD as best response and
evaluable by TGR criteria) were categorized as HPD using TGR
criteria. Differences in mOS between this group (mOS 4.2 months;
95% IC, 2.07-6.33) and non-HPD progressors (n = 44) by TGR criteria
(mOS 6.27 months; 95% CI, 3.88-8.67) were not statistically significant
(HR 1.4;95%IC, 0.70-2.77; P = 0.346; Fig. 3). A landmark analysis did
not detect differences in OS in HPD versus non-HP progressors as per
TGR (Supplementary Fig. $3). In the multivariable analysis for OS in
patients with PD as best response, using the same previous clinical
prognostic factors, HPD by TGR criteria was not an independent
prognosis factor (Suppl y Table S3).

The overall concordance rate between the two criteria was 70.7%
(Supplementary Fig. S5), with a significant association and concor-
dance between both definitions of HPD (P = 0.047). HPD using

previous-to-b
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RECIST and not by an increase of TGR was observed in 11 patients
(19%). Eight of these patients had new lesions in the first tumor
assessment. In three of them, PD was based on increase in target
lesions (49%, 46%, and 55%). We then compared mOS between two
groups [HPD by RECIST combined with non-HPD by TGR definition
(n = 11) versus non-HPD progressors by RECIST definition (n = 39)].
mOS was 3.43 months (95% CI, 2.70-4.15 months) and 8.7 months
(95% CI, 4.73-12.66 months), respectively, which was statistically
significant (HR 4.53; 95% CI, 1.92-10.67; P = 0.001). Six (10.3%)
patients were categorized as HPD when assessing TGR dynamics
and not by RECIST, and no patient had new lesions in at least
two different organs (two patients had no new lesions, two patients
had a single new lesion, and two patients had new lesions in a single
organ).

In addition, we analyzed an initial subgroup of patients from the TA
cohort with PD as best response (n = 75) for TGR criteria. Overall, 48
patients were included in this analysis. The reasons for exclusion were
the following: 12 patients with unavailable CT scans prior to baseline
and 15 patients had no available previous-to-baseline CT within the
reference period. Twelve patients (25% of patients with PD as best
response) were categorized as HPD when assessing TGR increase. We
found no significant differences in outcome between HPD group and
non-HPD progressors, with mOS of 5.37 months (95% CI, 0.55-
10.12 months) and 4.23 months (95% CI, 2.42-6.041 months; HR 0.68,
95% CI, 0.34-1.36; P = 0.27), respectively (Fig. 2). The concordance
rate between RECIST and TGR criteria in the TA cohort was 66.7%,
but not statistically significant (P = 0.695).

Association between HPD and clinical, laboratory, and
radiologic parameters

Next, we analyzed the association between HPD by each of the
criteria and three different types of variables: (i) clinical variables, (ii)
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radiologic parameters, and (iii) mechanism of action of the ICIs
administered.

No clinical variables were associated with HPD using RECIST
criteria, as summarized in Table 1. However, some clinical prognostic
factors were associated with HPD using TGR assessment, such as the
presence of liver metastasis (P = 0.001) and having more than two
metastatic sites before treatment with ICIs (P = 0.038).

Regarding radiologic parameters in the ICI cohort, we analyzed the
distribution of TGR in the reference period and in the experimental
period (Fig. 3), and the sum of target lesions in the baseline CT scan
and the first tumor assessment, for patients meeting each of the HPD
definitions. We observed a lower TGR value in the reference period in
patients defined as HPD when assessing the dynamics of TGR
compared with the non-HPD progressor group (P < 0.001). In the
experimental ICI treatment period, this variable was significantly
reversed with higher TGR values in HPD patients (P = 0.002). We
did not find differences in the total sum of the diameter of target lesions
in either cohort, neither in the baseline CT scan (P = 0.317) nor in the
first tumor assessment (P = 0.158). When evaluating those patients
classified as HPD following RECIST criteria, TGR values during the
experimental period were higher in the HPD group than in the non-
HPD progressor group (P < 0.001). Finally, TGR values during the
reference period and the total sum of the diameter of target lesions
during any period were not different in HPD group by RECIST as
compared with the non-HPD progressor group.

When evaluating the association between HPD and mechanism of
action of the ICIs administered using RECIST criteria, we observed a
clear trend for increased risk with anti-PD-1 treatment as compared
with anti-PD-L1 antibodies (P = 0.077), not detected when evaluating
TGR change (P = 0.775). The association with HPD was very strong
for patients receiving ICI combinations using both RECIST criteria
(P < 0.01) and TGR change criteria (P = 0.019) as compared with
monotherapies. Of note, a total of 129 patients were treated with anti-
PD-1 based combinations (representing 82.7% of the total patients
treated in combination).

Discussion

The concept of HPD, where patients present clinical deterioration
secondary to ICI treatment, is a new and controversial phenomenon,
which has important clinical implications. Currently, there are no
easily applicable criteria for routine use in the clinic. In this retro-
spective study of patients receiving ICIs in the context of phase I
clinical trials, HPD was observed in 10.7% of the cases (29 of 270) using
an adapted RECIST definition and in 6.3% (14 of 229) using TGR
evaluation. If we analyze only those patients who obtain PD as best
response in the first tumor assessment, the prevalence is quite similar
with 27.1% (29 of 107) and 24.1% (14 of 58) of cases, respectively.

TGR, with a clear negative impact in OS. Other clinical trials published
have shown that around 40% to 50% of patients with PD had new
lesions (32, 33). The slight increase of our series could be explained
given the nature of phase I population.

Understanding the concept of HPD as tumor burden increase due to
ICI exposure, one limitation of using RECIST could be overestimating
the HPD phenomenon in cases with intrinsically rapid aggressive
disease. It is worth noticing that despite this being potentially true, we
did not find differences in the TGR values during the reference period
between the HPD group and the non-HPD progressor group using
RECIST, or with the baseline tumor burden, both expected to be higher
in aggressive tumors. On the other hand, we did observe higher TGR
values during the experimental period in the HDP group by RECIST,
consistent with a rapid progression while receiving ICIs therapy.

Independent of the fact that assessing HPD by RECIST criteria
could be capturing patients with a rapid progression (irrespective of it
being caused by the treatment or by the intrinsic behavior of the
disease), it is able to identify a subgroup of patients with lower OS when
treated with IClIs, and this could already have a relevant impact in the
clinic. Importantly, HPD by RECIST criteria remained an independent
poor survival factor in a multivariable model adjusted for known
prognostic factors. Furthermore, 38 patients with PD as best response
in our ICI cohort continued treatment to confirm PD; however, the
median time from initial progression to study discontinuation was less
than 1 month. This implies that if a patient meets RECIST criteria of
HPD in his first tumor assessment, PD should not be confirmed with a
second tumor assessment and an alternative rescue therapy without
anti-PD-1/PD-L1 should be recommended. Our cohort was based on
patients receiving ICIs in the context of phase I clinical trials, and this
could represent a bias, as there is a smaller prevalence of patients with
very bad prognosis, being one of the most common inclusion criteria
having a life expectancy of more than 3 months. However our
definition has been assessed in independent cohorts of patients with
gynecological and genitourinary tumors treated with ICIs at our
institution, with similar results (36, 37).

Other than the already mentioned logistical difficulties to quantify
TGR due to the need of a previous-to-baseline CT scan, ing the
kinetics through TGR can also have limitations to capture the bio-
logical impact of the treatment. Our results show that a lower TGR
during the reference period is associated with higher chances of an
HPD classification in the later period (both in the ICI and TA cohorts).
This could underline the fact that in tumors with a lower TGR prior to
treatment it will be easier to reach a doubling of the TGR indepen-
dently of the kind of treatment received. For example, a tumor with a
change from a 10% volume increase during the month prior to the
experimental treatment to a 20% increase during ICI treatment would
be classified as a HPD; however, with a change from 50% during the
reference period to 70% during the experimental period, it would not

These results are comparable with studies published by Ch and

be considered as an HPD, despite having a higher absolute increase in

colleagues, with 24.4% of HPD in the cases with PD as best response
(12 of 49) in phase I patients receiving PD-1/PD-L1 ICIs (24) and by
Ferrara and colleagues, observing a 32.9% (56 of 170) of HPD
exclusively in non-small cell lung cancer patients (29).

‘When comparing both ways to evaluate HPD, the main discordance
is seen in those patients who are categorized as HPD when assessed by
RECIST and non-HPD using TGR. This is mainly due to the criterion
that takes into account the appearance of multiple new metastases,
which are not captured with TGR evaluation. Arguably this is an
important limitation, as in our study most patients with PD as best
response (72 of 107, 67.3%) had multiple new metastases, and impor-
tantly these patients had a similar poor prognosis independently of the
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tumor burden than the previous situation.

One important question that remains to be answered is if HPD is
really a novel way of response exclusive of ICIs (29, 38). In this regard,
we also analyzed a similar cohort of patients treated with TAs. Targets
that have already been approved, such as BRAF inhibitors in BRAF-
mutated tumors, were excluded from the analysis. HPD by RECIST
was observed in 10.8% (26 of 239) of all population and in a 21.8% (26
of 119) of patients with PD as best response. However, it had no impact
in mOS. We observed similar results analyzing TGR with 25% (12 of
48) of patients having HPD without an impact in survival. Thus, in our
cohort of patients, the radiologic definition of HPD is met with both
types of treatments; however, the impact in patients' outcome appears

CLINICAL CANCER RESEARCH



Published OnlineFirst November 22, 2019; DOI: 10.1158/1078-0432.CCR-19-2226

to be exclusively seen in the ICI cohort. This is in line with the
previously described 14.2% (3 of 21) early PD seen in a chemotherapy
cohort by Ferrara and colleagues. Understanding the limitations of the
analysis, such as a selected patient population, heterogeneous tumor
types, and previous treatments, with 20.4% having received previous
ICIs, our results suggest the phenomenon of HPD (where the type of
progression is not only a radiologic description but also has a biological
impact with a worsening of survival) could be exclusive of ICIs. Given
the fact that the half-life of ICIs is around 25 days, longer than most
TAs (39-42), the deleterious effect of ICIs in some patients could be
continued after stopping treatment, even Osa and colleagues demon-
strated that PD-1-blocking antibody nivolumab persists in patients
several weeks (>20 weeks) after the last infusion, bound to its recep-
tor (43), which could explain in part this detrimental impact in mOS.
To fully determine if the negative impact of survival seen in a subset
of patients is exclusive of ICIs, this observation should be further
evaluated in bigger cohorts of patients. Our definition based on
RECIST criteria could be easily tested in the previously performed
prospective clinical trials.

Finally, we analyzed if HPD was related with a specific ICI in our
cohort. Using RECIST criteria we observed a clear trend of HPD in
patients treated with anti-PD-1 therapies, and this association was
very robust in patients treated with combinations based on an anti-
PD-1 backbone. In most cases, the combination agent was an antibody
against a lymphocyte receptor made with a IgG4(ssp) Fc subtype,
similarly to the most common used anti-PD-1 agents (44, 45). Pre-
clinical models have demonstrated that an anti-PD-1 IgGds;osp
antibody can mediate cross-linking between PD-1* T cells and FcyRI™*
macrophages, resulting in macrophage-mediated phagocytosis of
PD-1" T cells (46). This seems to be in line with the observation
published by Lo Russo and colleagues, where they found tumor
infiltration by M2-like CD163"CD33"PD-L1" clustered epithelioid
macrophages in patients with HPD. Additionally, in patient-derived
xenograft models, TG was enhanced by treatment with anti-PD-1, but
not by anti-PD-1 F(ab)2-fragments punctuating the importance of the
Fc section to cause the growth phenomenon (47). Interestingly, when
analyzing the data presented in phase III clinical trials comparing ICIs
with other therapies, the overcrossing of survival curves in the first
months is more prominent in anti-PD-1 agents (4,7,9-11),and to our
knowledge has not been described so far in positive clinical trials with
anti-PD-L1 agents (6, 8, 48, 49). A potential hypothesis to explain
HPD in some patients could be the fact that lymphocytes marked with
these antibodies could interact with the immune system and be
destroyed, causing a deleterious effect. IgG4(s;24p) could activate
macrophages through its FcyRI and FcyRIIb, producing antibody-
dependent cell-mediated phagocytosis. This is only a hypothesis and
should be further investigated in prospective studies.

Our study has several limitations. It is a retrospective study in a
single institution, although the data were collected prospectively for
patients participating in phase I clinical trials. Both the investiga-
tional and control cohorts include a multitude of tumor types and
different treatment regimens both as monotherapy and combina-
tion; this heterogeneity might potentially influence the survival
results, despite multivariate analysis. Given the population were
all phase I participants, the nature of the disease could be more
aggressive than in other settings such as first- or second-line
treatment. Most importantly, as discussed previously, capturing
HPD by RECIST criteria may overestimate the phenomenon in
specific cases with an aggressive intrinsic behavior, and underes-
timate it in patients with a rapid clinical deterioration not allowing
confirmatory scans to be performed. However this definition can be
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used easily by oncologists in current practice, helping in the
decision-making process of discontinuing a treatment with ICIs
and looking for alternative treatments (50).

Conclusions

Our study is the first to evaluate how HPD with ICIs therapy can be
captured based on RECIST criteria. Using a control arm with patients
treated with TAs and an investigational arm with patients receiving
ICIs, we show that the radiologic definition of HPD following both
TGR criteria and RECIST criteria occurs in both cohorts. However, in
our series, significant OS difference was observed exclusively with
RECIST criteria in the ICI cohort. We proposed new criteria to capture
HPD that is intuitive and easy to use in daily clinical practice.
Importantly, it correlates with poor mOS and represents a contrain-
dication for treatment beyond progression.
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5. Resumen global de los resultados



En el primer estudio de este proyecto se genera una nueva herramienta prondstica con
el objetivo de estimar la supervivencia global y el riesgo de muerte en los primeros 3 meses
para pacientes con tumores sélidos avanzados previo a su inclusion en ECT con ICls o TDs.

Para ello, analizamos una cohorte de pacientes consecutivos incluidos en ECT en la
unidad de terapia molecular del VHIO. Construimos el modelo para predecir la supervivencia
global como objetivo primario y estimar el riesgo de muerte durante los primeros 3 meses del
estudio como objetivo secundario. EI modelo fue validado en una cohorte interna después de
realizar una separacion de datos temporal siguiendo las guias “Transparent reporting of a
multivariable prediction model for individual prognosis or diagnosis” (TRIPOD).5¢

Se analizaron 799 pacientes con diferentes tipos tumorales tratados en la unidad de
terapia molecular de VHIO e incluidos en ECT (518 con ICls y 281 con TDs) desde Enero de
2012 hasta Marzo de 2020. La mediana de seguimiento fue de 21.1 meses, con una mediana en
la supervivencia global de 10.2 meses (intervalo de confianza [IC], 9.3-12.7) en la cohorte de
pacientes tratados con ICIs y 7.7 (IC 95%, 6.6-8.6) meses en la cohorte de TDs. 18 variables
clinicas de especial relevancia fueron recogidas de la historia médica. La tabla 11 resume las
caracteristicas basales de los pacientes. Se realizd una separacion de datos temporal para
generar una cohorte de entrenamiento (n = 558 pacientes) y una cohorte de validacion (n =

241).

Total cohort
(N =799)

Training cohort 70% Validation cohort 30%
(N =558) (N =241)

Patients treated with ICIs Patients treated with TAs Patients treated with ICIs Patients treated with TAs
(N =362) (N = 196) (N = 156) (N = 85)

Model training

3-month survival rate analysis

Internal bootstrap validation

Calibration analysis
Overall survival analysis

60

Overall survival analysis

Discrimination performance among indexes



Figura 9. Distribucion de pacientes en el estudio

Tabla 11. Caracteristicas basales de los pacientes en el estudio

All patients Training cohort Validation cohort

Total, n (%) 799 (100) 558 (70) 241 (30)
Age years, median (IQR) 59.4 (50.2—67.4) 59.7 (49.2—-67.3) 59.2 (51.9-67.8)
Sex, female 413 (51.7) 278 (49.8) 135 (56.0)
Tumor type Breast 95 (11.9) 57 (10.2) 38 (15.8)

CRC 134 (16.8) 76 (13.6) 58 (24.1)

Non-CRC 136 (17) 94 (16.8) 42 (17.4)

gastrointestinal

Gynaecological 76 (9.5) 47 (8.4) 29 (12)

H&N 55(6.9) 39(7) 16 (6.6)

Lung 83 (104) 71 (12.7) 12 (5)

Melanoma 94 (11.8) 79 (14.2) 15 (6.2)

Others 126 (15.8) 95(17) 31(12.9)
ECOG, 0 315 (39.4) 206 (36.9) 109 (45.2)
Treatment

Monotherapy 430 (53.8) 307 (55.0) 123 (51.0)

Combination 369 (46.1) 251 (44.9) 118 (48.9)
No. metastatic sites

Median (IQR) 3(2-3) 3(2-3) 3(2—4)

No. metastatic sites > 2 404 (50.6) 281 (50.4) 123 (51.0)
Liver metastases 354 (44.3) 234 (41.9) 120 (49.8)
Platelet

Median (IQR) 259 (194-325) 260 (200—-329) 254 (189-317)

Platelet > 400 105 (13.2) 75 (13.5) 30 (12.6)
Albumin

Median (IQR) 4(3.7-42) 4(3.7-42) 4(3.7-4.3)

Albumin < 3.5 106 (13.3) 84 (15.0) 22(9.1)
LDH

Median (IQR) 442 (349—-631) 441 (349-622) 449 (349—0644)

LDH > ULN 534 (66.8) 373 (66.8) 161 (66.8)
Lymphocytes

Median (IQR) 1.3 (1-1.7) 1.3 (0.9-1.7) 1.4 (1.1-1.8)

Lymphocytes < 1.2 291 (36.4) 229 (41.0) 62 (25.7)
Leucocytes

Median (IQR) 6.7 (5.2-8.5) 6.5 (5.1-8.6) 7(5.5-8.3)

Leucocytes > 11 73 (9.1) 58 (10.4) 15(6.2)
Neutrophils

Median (IQR) 4.3 (3.3-59) 43(3.3-59) 4.4 (34-5.9)

Neutrophils > 7 115 (14.4) 88 (15.8) 27 (11.2)
Neutrophil/Lymphocyte ratio

Median (IQR) 34(24-49) 34 (2.5-5) 3.2(23-47)

Neutrophil/lymphocyte > 6 121 (15.1) 85 (15.2) 36 (14.9)
dNLR

Median (IQR) 2.1 (1.5-27) 2.1 (1.6-2.8) 1.9 (1.5-2.5)

dNLR =3 151 (18.9) 108 (19.4) 43 (17.8)

N, number; IQR, interquartile range; CRC, colorectal, H&N, head and neck: ECOG, performance status; LDH, lactate dehydrogenase; dNRL,
derived neutrophils/(leukocytes minus neutrophils) ratio HR.

Posteriormente se llevd a cabo un analisis univariado y multivariado proporcional de
riesgos Cox para medir el impacto de estas caracteristicas clinicas sin dicotomizar los factores
ordinarios o continuos Y estratificado por el tipo de tratamiento que recibieron los pacientes
(ICIs vs TDs). Los resultados mostraron que las siguientes variables evaluadas al inicio del
tratamiento tienen un impacto en la supervivencia global: ECOG PS, numero de localizaciones

metastasis, metastasis hepaticas, ratio de neutrofilos (ANLR), valores de albumina y LDH.
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Albumin (26.5%)

Figura 11. Contribucion cada variable en el modelo.

Se evalud el impacto de cada variable sin modificar su naturaleza en el riesgo de

supervivencia global.

Albumin LDH dNLR
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2 2 £
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Figura 12. Asociacion entre las variables y el riesgo de evento
En base a estos resultados y tras realizar una regresion LASSO para seleccionar las
variables con mayor impacto en supervivencia, el modelo multivariado fue construido. Usando
el coeficiente estimado del modelo se generaron curvas Kaplan-Meier ajustadas con la
informacion especifica de cada paciente, lo que nos permitié generar la herramienta pronostica:

“Phase I prognostic online (PIPO)” a traves de una aplicacion shiny en https://pipo.vhio.net/.
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Overall survival analysis (training set) (n=558, events=426) Univariate analysis Muitivariate analysis

HR (95%Cl) p-value HR (95%Cl) p-value
Age (10-years increase) HH 0.93 (0.87 - 1.01) 0.07
Sex (male vs female) —=— 1.04 (0.86-1.26) 0.67
ECOG —a—q 1.58 (1.29-1.94) <0.001 1.31(1.05-1.62) 0.01
No. of metastatic sites (gl 1.44 (1.33 - 1.57) <0.001 1.28 (1.16 - 1.40)  <0.001
Liver metastases (yes vs no) —=— 1.76 (1.45-2.14) <0.001 1.49(1.21-1.83) <0.001
Platelet count (100-unit increase) (gl 1.33(1.22-145) <0.001
Albumin f—a—q 0.34 (0.27 - 0.43)  <0.001 0.50 (0.39-0.64) <0.001
LDH (100-unit increase) L} 1.06 (1.04 - 1.08) <0.001 1.04 (1.02-1.06) <0.001
Lymphocytes = 0.94 (0.80- 1.09)  0.41
Leucocytes | 1.06(1.04-1.07) <0.001
Neutrophils ] 1.06 (1.05-1.08) <0.001
Neutrophil/Lymphocyte ratio L 114 (1.10-1.17) <0.001
dNLR (a! 1.34 (1.24 - 1.45)  <0.001 1.18(1.08-1.29)  <0.001

\ \ T
0.25 05 1 2 4

Hazard ratio

Figura 13. Modelo Cox para supervivencia global en la cohorte de entrenamiento

Posteriormente, analizamos la discriminacion de la herramienta PIPO en la cohorte de
entrenamiento. El valor C-estadistico fue de 0.71 (IC 95% 0.68-0.74) y generamos graficos de

calibracion para dos tiempos de interés, 3 meses y 12 meses.

3 months 12 months
1 T T T O LA 1 L A ) AR A A
0.9
0.8
L 0.8 z
5 2 0.6
o 64
§ 0.7 'E
= a
o 3
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¢ 06 5 0.4+
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Figura 14. Gréficos de calibracion
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La herramienta PIPO fue capaz de estimar una probabilidad individual de supervivencia a los
3 meses para cada paciente con un intervalo de confianza del 95%. Cuando esta probabilidad
fue menor del 60%, consideramos que la expectativa de vida era inferior a los 3 meses.
Posteriormente, comparamos la supervivencia real de los pacientes con un seguimiento mayor
de 3 meses (749 pacientes de 799) con la capacidad predictiva de la herramienta PIPO con el
limite anteriormente descrito. La precision global fue del 87.2% (IC 95% 85%-90%) y el area
bajo la curva de precision-recall fue de 95.4% (IC 95% 93%-97%), con una especificad del
98.6% (IC 95% 98%-99%) y una sensibilidad del 20.9% (IC 95% 14%-29%).

Finalmente, observamos que todos los indices prondsticos eran eficaces tanto en
pacientes tratados con ICIs como con TDs, independientemente de que se hubieran

desarrollado para un tipo de tratamiento especifico.
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Figura 15. Analisis de supervivencia global usando los diferentes indices prondsticos por tipo

de tratamiento.
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Agrupando todos los resultados anteriores se genero la aplicacién web interactiva con
la interfaz que se muestra en la figura 16, que puede ser consultada en la pagina web

https://pipo.vhio.net/.

Patient information Overall survival (OS)

Prediction results

o 053t 3months: 05t 4 montha: 05t 12 months:
2 814% 70% 211%
IPINCETO%- 097 %) PINCLOO% - B25%) (9% 10% 424 %)

Islifeexpectancyat 3 ~ monthshigherthan ® ~ %2 YES

Figura 16. Interfaz de la herramienta PIPO en la aplicacion web online.

En el segundo estudio del proyecto, para intentar incrementar el potencial beneficio
clinico de los pacientes tratados en ECT, exploramos si la HPD puede ser identificada
utilizando criterios adaptados RECIST 1.1 en pacientes tratados con ICIs, con el objetivo
adicional de analizar si este fenOmeno determina un impacto en la supervivencia o si esta
asociado a factores pronésticos clasicos. Tras evaluar diferentes puntos de corte, definimos la
enfermedad hiperprogresiva basada en RECIST como progresién de la enfermedad por
criterios RECIST en las primeras 8 semanas tras el inicio de tratamiento y un minimo
incremento en las lesiones diana de 10 milimetros més: i) incremento de al menos un 40% en
el sumatorio de las lesiones diana comparado con la prueba inicial ( 1o que supone el doble del
criterio por RECIST [20%)]), o ii) incremento de al menos un 20% en el sumatorio de las
lesiones diana comparado con la prueba basal més la aparicion de nuevas lesiones en al menos

dos d6rganos diferentes.
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Figura 17. Criterios de enfermedad hiperprogresiva por TGR y RECIST.

Para ello utilizamos la misma cohorte de pacientes tratados en ECT con ICls, pero
seleccionamos unicamente aquellos que recibieron tratamiento con anti-PD1 o anti-PD-L1 en
monoterapia 0 en combinacion con otro ICI (287 pacientes de 558). De esta manera, intentamos
minimizar un impacto en la supervivencia por la ausencia de efectividad de ICIs en
monoterapia no inhibidores de PD1/PD-L1 tales como anticuerpos contra el receptor del gen 3
de activacion linfocitica (LAG-3), la inmunoglobulina de células T que contiene el dominio
mucina 3 (TIM-3) o el inmuno-receptor de células T con inmunoglobulinas y dominios ITIM
(TIGIT), entre otros. Realizamos también una comparacion entre la definicion basada en
RECIST y en TGR. Para determinar si este fendmeno es exclusivo del tratamiento con IClIs,
utilizamos la misma cohorte de pacientes tratados con TDs, con la que desarrollamos la
herramienta PIPO, como grupo control.

La mediana de seguimiento del grupo tratado con ICls fue de 16,9 meses (IC 95%,
14,6-19,1 meses) con una mediana de supervivencia global de 10,93 meses (IC 95%, 8,52-

13,34 meses), mientras que en el grupo control tratado con TDs la mediana de seguimiento fue
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de 29,66 meses (IC 95%, 23,6-35,7 meses) y la supervivencia global de 7,93 meses (IC 95%,
14,6-19,1 meses). El flujo de pacientes de cada una de las dos cohortes se muestra en la figura

18y 19.

Immwmlasmpmclcbalml
N =287

No completely tumor assessment before first tumor assessment |
N=2
N=14

{l'“ 1 clmnlmnlbymndtybdonfunnmml
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Total evaluable for HPD by mRECIST
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Patients with SD, PR or CR in the first tumor assessment I
N =163

TIPD by mRECIST Patients with progressive discase as best
oy i

N =107
No previous CT
N=22
No measurable lesions
N=10
Time b CT before and baseline <2 weeks or >3 months
N=17

TPD by TOR criieria] |10 evaluable paients for FIPD by TG
Ne14 }— criteria and mRECIST
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Figura 18. Flujo de pacientes en la cohorte de pacientes tratados con ICIs.
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Figura 19. Flujo de pacientes en la cohorte de pacientes tratados con TDs.
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107 pacientes tratados con IClIs presentaron PD en la primera reevaluacién de la enfermedad,
29 de los cuales fueron considerados HPD por criterios basados en RECIST (27.1% de los
pacientes con PD y 10,7% de la poblacion global). Unicamente en 58 de los 107 pacientes con
PD como mejor respuesta fue posible evaluar la definicion de TGR para HPD, debido
principalmente a la ausencia de una valoracion pre-inicial o al estar fuera del periodo de

referencia establecido en la definicion. 14 pacientes fueron finalmente categorizados como

HPD por TGR.
All Non-HPD HPD P All Non-HPD HPD P
patients by RECIST by RECIST (Fisher patients® by TGR by TGR (Fisher
Variable Group (n = 270) (N = 241) (N =29) exacttest) (N =221) (N =206) (N=14) exact test)
Gender Female 121 (44.8%) M2 (46.5%) 9 (31%) 98 (443%) 92 (44.7%) 6 (42.9%)
Male 149 (55.2%) 129 (53.5%) 20 (69%) 123 (55.7%) N5 (55.3%) 8 (57.1%)
on4 0.908
Age (y) <65 186 (68.9%) 167 (69.3%) 19 65.5%) 149 (67.4%) 142 (68.6%) 7 (50%)
>65 84 (311%) 74 (30.7%) 10 (34.5%) 0.678 72 (326%) 65 (314%) 7 (50%) 0.236
Histology Melanoma 55(20.4%) 50 (20.7%) 5(17.2%) 42 (19%) 41 (19.8%) 1(7.1%)
NSCLC 32 (N.9%) 28 (11.6%) 4 (13.8%) 27 (122%) 26 (126%) 1(7.1%)
Colorectal 24 (8.9%) 21 (8.7%) 3 (10.3%) 18 (8.1%) 15 (7.2%) 3(21.4%)
Gastric 21 (7.8%) 21 (8.7%) 0 (0%) 17 (7.7%) 16 (7.7%) 1(7.1%)
TNBC 21(7.8%) 18 (7.5%) 3(10.3%) 14 (6.3%) 13 (6.3%) 1(7.1%)
H&N 20 (7.4%) 16 (6.6%) 4 (13.8%) 18 143%) 16 (7.7%) 2 (14.3%)
Cervical 16 (5.9%) 16 (6.6%) 0 (0%) 13 (6.3%) 13 (6.3%) 0 (0%)
Bladder 14 (5.2%) 1 (4.6%) 3(5.2%) 10 (4.8%) 10 (4.8%) 1(7.1%)
Others 67 (248%) 60 (24.0%) 7 (24.1%) 57 (27.5%) 57 (275%) 4 (28.6%)
0.412 0.659
Lymphocyte count <19 205 (75.9%) 182 (75.5%) 23 (79.3%) 167 (75.6%) 155 (74.9%) 12 (85.7%)
>19 65 (24.1%) 59 (24.5%) 6 (20.7%) 54 (24.4%) 52 (251%) 2 (14.3)%)
0.652 0.526
Neutrophil count <49 172 (63.7%) 151(62.7%) 21 (72.4%) 142 (62.8%) 130 (62.8%) 12 (85.5%
>4.9 98 (36.3%) 90 (37.3%) 8(27.6%) 79 (37.2%) 77 (37.2%) 2 (14.3%)
0.302 0.083
dNLR <3 224 (83.3%) 199 (82.9%) 25 (86.2%) 190 (86.4%) 177 (859%) 13 (92.9%)
>3 45 (16.7%) 41 (17.1%) 4 (13.8%) 30 (13.6%) 29 (14.1%) 1(7.1%)
0.796 0.699
Platelet count <300 177 (65.8%) 159 (66.3%) 18 (62.1%) 146 (66.4%) 135 (65.5%) 11(78.6%)
>300 92 (34.2%) 81(33.8%) 1 (37.9%) 74 (33.6%) 71(345%) 3 (21.4%)
0.654 0.318
Albumin <35 34 (12.6%) 29 (12.1%) 5 (17.2%) 28 (12.7%) 27 (13.1%) 1(7.1%)
>35 235(87.4%) 211(87.9%) 24 (82.8%) 192 (87.3%) 179 (86.9%) 13 (92.9%)
0.386 1
LDH <375 72 (31.9%) 62 (30.8%) 10 (40%) 60 (33.1%) 56 (33.5% 4 (28.6%)
>375 154 (68.1%) 139 (69.2%) 15 (60%) 121 (66.9%) 11 (66.5%) 10 (71.4%)
0.354 1
No. of metastatic sites <2 141(52.2%) 130 (53.9%) 11 (37.9%) 122 (55.2%) 18 (57%) 4 (28.6%)
>2 129 (47.8%) 11 (461%) 18 (62.1%) 99 (44.8%) 89 (43%) 10 (71.4%)
0.103 0.04
Liver metastasis no 172 (63.7%) 157 (65.1%) 15 (51.7%) 146 (66.1%) 143 (69.1%) 3 (21.4%)
yes 98 (36.3%) 84 (34.9%) 14 (483%) 75 (33.9%) 64 (30.9%) 11 (78.6%)
0.156 0.001
IPI score prognosis Good 103 (38.1%) 91(37.8%) 12 (41.4%) 92 (41.6%) 88 (42.5%) 4 (28.6%)
Intermediate 135 (50%) 120 (49.8%) 15 (51.7%) 107 (48.4%) 98 (47.3%) 9 (64.3%)
Poor 32 (.9%) 30 (124%) 2 (6.9%) 22 (10%) 21 (10.1%) 1(7.1%)
0.677 0.470
MDA-ICI prognosis Good 67 (248%) 59 (245%) 8 (27.6%) 57 (25.8%) 56 (271%) 1(7.1%)
Intermediate 165 (61.1%) 147 (61%) 18 (62.1%) 136 (61.5%) 125 (60.4%) 11(78.6%)
Poor 38 (14.1%) 35(045%) 3(10.3%) 28 (127%) 26 (126%) 2 (14.3%)
0.808 0.253
Previous ICI treatment No 214 (79.6%) 192 (80%) 22 (75.9%) 177 (80.5) 165 (80.1%) 12 (85.7%)
Yes 55 (20.4%) 48 (20%) 7 (24.1%) 43 (19.5%)  41(19.9%) 2 (14.3%)
0.602 1
Type of inhibitor PD-1 174 (64.4%) 151(62.7%) 23 (79.3%) 140 (63.3%) 130 (62.8%) 10 (71.4%)
PDLI 96 (356%) 90 (37.3%) 6 (20.7%) 81 (36.7%) 77 (37.2%) 4 (28.6%)
0.077 0.517
Combination of ICls No N4 (422%) 109 (45.2%) 5 (17.2%) 99 (44.8%) 97 (46.9%) 2 (14.3%)
Yes 156 (57.8%) 132 (54.8%) 24 (82.8%) 122 (55.2%) 10 (53.1%) 12 (85.7%)
0.004 0.018

*All patients evaluable for TGR criteria.

Tabla 12. Caracteristicas de los pacientes en el estudio tratados con ICIs.
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La tabla 12 resume las caracteristicas clinicas de la poblacion total tratada con ICls, asi
como especificamente de los pacientes categorizados como HPD. Se observé que la HPD por
criterios RECIST estaba asociada a tratamientos combinados con 2 ICIs, mientras que la
definicion por TGR estaba asociada a la presencia de metastasis hepaticas, mas de 2 6rganos
afectos por metastasis y combinacién con 2 IClIs.

Los pacientes categorizados como HPD por RECIST presentaron una inferior
supervivencia global con una mediana de OS (mOS) de 5,23 meses (IC 95%, 14,6-19,1 meses)
comparado con los pacientes con PD como mejor respuesta, con una mOS de 7.33 meses (IC
95%, 4,53-10,12 meses) y una HR = 1.73 (IC 95% 1.05-2.85; p = 0.04). Por el contrario, no
encontramos diferencias en OS cuando utilizamos el criterio basado en TGR, con una mOS
para HPD por TGR de 4,2 meses (IC 95%, 2.07-6,33 meses) y de 6,27 meses (IC 95%, 3.88-
8,67 meses) para los pacientes con PD como mejor respuesta progresion no-HPD (HR 1.4, IC

95% 0.70-2.77; p = 0.346).
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Figura 20. A) Analisis de supervivencia global en cohorte de ICIs comparando pacientes con
HPD versus PD como mejor respuesta no-HPD, basado en RECIST. B) Andlisis de
supervivencia global comparando pacientes con HPD versus PD como mejor respuesta no-

HPD basado en TGR.
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Realizamos un andlisis multivariado para OS en los pacientes con PD como mejor

respuesta, donde observamos que la definicion de HPD basado en RECIST mantenia el impacto

en supervivencia junto con otros factores prondsticos clasicos como valores de LDH por

encima del limite de la normalidad o la presencia de metéstasis hepaticas.

Overall survival

Full analysis
Variable HR (95% IC) P value
N (events) Level 107 (77)
Age >65(y)/<65 0.87 (0.46-1.65) 0.669
Lymphocyte count <1.9/>1.9 0.84 (0.42-1.69) 0.623
Neutrophil count >4.9/<4.9 1.06 (0.48-2.33) 0.881
dNLR >3/<3 1.27 (0.64-2.51) 0.495
Platelet count >300/<300 1.02 (0.50-2.08) 0.948
Albumin <3.5/>3.5 2.13 (1.02-4.46) 0.043
LDH >ULN/<ULN 2.80 (130-6.08) 0.009
No. of metastatic sites >2/<2 1.42 (0.79-2.55) 0.238
Liver metastases Yes/no 2.03 (1.20-3.46) 0.009
HPD (RECIST) Yes/no 2.02 (113-3.61) 0.018

Tabla 13. Analisis multivariado para OS en pacientes con PD como mejor respuesta.

La concordancia entre ambos criterios fue del 70,7%, siendo estadisticamente

significativo (p = 0,047). HPD por criterios RECIST y no-HPD por TGR fue observado en 11

pacientes, de los cuales 8 tenian progresion por aparicion de nuevas lesiones y 3 de ellos por

incremento de las lesiones diana (49%, 46% y 55%)

TGR Total
non-HPD HPD
RECIST non-HPD 33 39
HPD 11 19
Total 44 58

Tabla 14. Concordancia entre criterios RECIST y TGR para HPD.
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En el grupo control con pacientes tratados con TDs, observamos una proporcion similar
de pacientes con PD como mejor respuesta categorizados como HPD por RECIST (27%) o por
TGR (25%). Sin embargo, no se observo un impacto en la supervivencia global cuando se

compararon pacientes con HPD versus no-HPD con ninguno de los dos criterios.
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Figura 21. A) Andlisis de supervivencia global en cohorte de TDs comparando pacientes con
HPD versus PD como mejor respuesta no-HPD, basado en RECIST. B) Analisis de
supervivencia global comparando pacientes con HPD versus PD como mejor respuesta no-

HPD basado en TGR.
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6. Resumen global de la discusion



Los ECT son una oportunidad terapéutica para los pacientes refractarios a los
tratamientos convencionales que mantienen un adecuado estado funcional y general y que
desean buscar nuevas opciones de tratamiento.5”8 La intencion terapéutica debe estar presente
en todos los ECT y debe ser compatible con los objetivos cientificos del estudio, como asi lo
recoge la Sociedad Americana de Oncologia Clinica (ASC0Q).%%7° Por tanto, el correcto disefio
de estos estudios,” la obtencién y el estudio de biomarcadores,”? asi como una adecuada
seleccidn de pacientes y una mejora en la valoracién de la respuesta, son claves para optimizar

al maximo el potencial beneficio clinico de los participantes en estos ensayos clinicos.”®"°

La seleccion adecuada de los pacientes candidatos a ECT es crucial para todas las partes
implicadas: pacientes, centros, compafiias farmacéuticas y agencias reguladoras. Los objetivos
de esta seleccidn son: i) minimizar el potencial riesgo de toxicidad y empeoramiento de la
calidad de vida de los pacientes;’® ii) incrementar la posibilidad de beneficio clinico de los
pacientes que participan en estos estudios;’” y iii) obtener datos robustos, sélidos y
reproducibles del perfil de seguridad y eficacia de estos compuestos en investigacion’®. Para
conseguir estos propdsitos, la expectativa de vida mayor de 3 meses es un criterio universal en
ensayos clinicos tempranos para minimizar el riesgo de toxicidad de los participantes y evitar
factores de confusion sobre la causalidad de los potenciales efectos adversos de las drogas a
estudio’®. Sin embargo, la capacidad de prediccion de supervivencia es actualmente un reto y
se basa en la experiencia subjetiva del clinico, sin tener una herramienta objetiva que pueda
ayudar en la toma de decision. En el primer estudio describimos el desarrollo y validacion de
la herramienta prondstica online para ensayos clinicos fase 1 (PIPO tool), a través de las

técnicas de “data splitting” y “boostrap”.

Con 518 pacientes tratados en ECT con ICls, es la serie mas larga publicada con este

objetivo y la primera herramienta desarrollada y validada para ECT tanto con ICIs como con
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TDs indistintamente. Ademas, la herramienta PIPO esta construida con variables clinicas y
analiticas objetivas: ECOG PS, numero de localizaciones metatasicas, metastasis hepaticas,
dNLR y valores de albumina y LDH. Todas estas variables fueron evaluadas en el andlisis
univariante y multivariante en la cohorte de entrenamiento (n=558 pacientes) e
independientemente para cada tipo de tratamiento ICls (n= 362) y TDs (n = 196) manteniendo
su impacto en OS. Un trabajo reciente demostré que el indice pronéstico LIPI (desarrollado
para pacientes con cancer de pulmoén no microcitico avanzado tratados con ICIs) realizaba
también una correcta discriminacion cuando era testado en una cohorte de pacientes tratados
con quimioterapia 0 TDs.8® En nuestro trabajo, analizamos los indices prondsticos
desarrollados para ICIs en la poblacion tratada con TDs y viceversa (figura 15).Demostramos
que su papel prondstico es independiente de la modalidad de tratamiento, indicando su
capacidad prondstica pero no predictiva de respuesta. Por esta razén, la herramienta PIPO es

atil para ambos tipos de tratamiento.

Todos los parametros incluidos en la herramienta PIPO, han sido previamente
reportados como factores pronosticos en diversos indices.'#2%8! Sin embargo, en todos estos
indices, las variables son dicotomizadas usando un punto de corte especifico. Por ejemplo, un
valor por encima del UNL de LDH es asignado con 1 punto y un valor dentro de la normalidad
con 0 puntos'®208L Esta simplificacion provoca una pérdida de informacion prondstica, de tal
forma que dos pacientes serian gradados de igual forma con valores muy dispares como
1,1XUNL y 100xUNL (1 punto), y de forma diferente para dos pacientes con valores muy
préoximos como 0,9xUNL y 1,1XUNL (0 y 1 punto, respectivamente). La herramienta PIPO
utiliza toda la informacion disponible sin simplificacion para ajustar el modelo de forma
personalizada. Ademas, es capaz de determinar una prediccion especifica de cada paciente para
cualquier tiempo ya que es capaz de generar una curva de supervivencia con los IC del 95%

tras introducir los valores exactos de las variables pronostica, en vez de asignar al paciente a
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un grupo de riesgo donde la estimacion individual prondstica es comprometida al visualizar la

estimacion del grupo y no del paciente.

La herramienta PIPO es el primer indice prondstico capaz de estimar una probabilidad
de muerte a los 3 meses especifica para cada paciente previa a la inclusion en un ECT. Pese a
que todos los pacientes cumplian los criterios de inclusion/exclusion establecidos en los
estudios, 110 pacientes de 749 fallecieron antes de los 3 meses tras su participacion en el
estudio (14,6%). Utilizando la herramienta PIPO y considerando que el paciente tenia una alta
probabilidad de supervivencia a los 3 meses cuando la prediccién era superior del 60%, la
especificidad fue del 98,5%, con una aceptable precision global del 87,2% y un valor predictivo
positivo del 74,2%, todo ello refleja que cuando la herramienta detecta un potencial
fallecimiento antes de los 3 meses, la probabilidad de que esta observacion sea real es muy alta.
Sin embargo, la sensibilidad fue muy baja con Gnicamente un 20,9%, indicando que PIPO no
fue capaz de capturar el fallecimiento temprano en multiples casos, debido a diferentes causas:
toxicidad, infecciones o incluso HPD, que no son detectadas por factores clinicos clasicos

previamente a la inclusion del paciente.

Existe, por tanto, la necesidad de intentar capturar los pacientes con HPD de una forma
sencillay aplicable en la practica clinica rutinaria. Por ese motivo, en el segundo trabajo nuestro
objetivo fue desarrollar unos criterios de HPD que fueran intuitivos, faciles de usar y ayudaran

al clinico en la toma de decisiones.

En este contexto observamos que nuestra definicion de HPD basada en criterios
RECIST clasificd como HPD 29 de 270 pacientes tratados en ECT con ICls (10,7%), mientras
que por el criterio basado en TGR fueron 14 de 229 pacientes (63%). Si analizamos Unicamente
paciente con PD como mejor respuesta, la prevalencia es similar entre ambas definiciones:

27,1% por RECIST (29 de 107) y 24,1% por TGR (14 de 58). La diferencia en el denominador
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es debido a la imposibilidad de calcular el TGR en muchos pacientes debido que no se dispone
de una pre-inicial o esta fuera del periodo establecido, impidiendo por tanto su aplicabilidad en
la préctica clinica. Estos resultados son comparables con los estudios publicados por Champiat
et al®, con una proporcion del 24,2%, o por el estudio de Ferrara et al>®, que observé un 32.9%

en pacientes con carcinoma no microcitico de pulmon avanzado.

Cuando comparamos ambos meétodos entre si, la principal discordancia se observo en
aquellos pacientes que era categorizados por RECIST como HPD y no-HPD por TGR. Esto
fue debido principalmente a la aparicion de nuevas lesiones en al menos dos érganos diferentes,
lo cual no es capturado por TGR al no estar contemplado en la definicion. En nuestra serie, 72
de 107 pacientes (67.3%) con PD como mejor respuesta presentaban nuevas lesiones en la
primera evaluacion tumoral. Otros ensayos clinicos han reportado una cifra alrededor del 40-

50% de los pacientes.*482

Entendiendo el concepto de HPD como un aumento de la carga tumoral debido al
tratamiento especifico con ICIs, nuestra definicion basada en RECIST puede sobrestimar el
fendomeno de HPD en casos con una enfermedad intrinseca rapidamente progresiva, pese a que
no observamos diferencias estadisticamente significativas en el TGR en el periodo de
referencia entre los pacientes categorizados como HPD por RECIST versus no-HPD.
Independientemente de este hecho, la evaluacion de HPD por RECIST es capaz de identificar
pacientes con una menor OS cuando son tratados con ICls en ECT, lo cual puede tener un
impacto en la clinica, ademas el criterio de HPD por RECIST mantuvo un impacto en OS en

el modelo multivariable ajustado por factores prondsticos clasicos.

Finalmente, evaluamos si el fendmeno de HPD es exclusivo del tratamiento con ICls.
Para ello analizamos una cohorte similar de pacientes tratados en ECT con TDs. Observamos

que los criterios basados en RECIST categorizaron como HPD al 21,8% de los pacientes con
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PD como mejor respuesta, mientras que los criterios basados en TGR al 25%. Sin embargo, en
ninguno de los casos la definicion de HPD estuvo asociada a un impacto en la supervivencia
de los pacientes tratados con TDs. Por tanto, las definiciones radioldgicas de HPD pueden ser
observadas independiente del tipo de tratamiento administrado, pero su asociacion con un
deterioro en la supervivencia parece Unicamente estar asociado al tratamiento con ICIs. Esto se
debe principalmente a las hipétesis bioldgicas que se plantean para explicar este fenémeno,
entre las que destacan las siguientes: i) expansion de células T reguladoras PD1+ tras la
administracion de IClIs, las cuales tiene un papel inmunosupresor, contrarrestando el papel de
las células T efectoras contra el tumor®-%, lo cual recientemente ha sido propuesto como un
factor prondstico®®®’ y relacionado directamente con HPD;28 ii) sobrexpresién compensatoria
de otros receptores reguladores de la respuesta inmune tras el bloqueo del eje PD1/PD-L1, tales
como TIGIT, TIM-3 0 LAG-3;8-%ii) modulacién positiva de células pro-tumorales, entre las
que destacan: células dendriticas que expresen interleucina 10,% macréfagos M2 que provocan
niveles elevados de angiopoyetina 2 con capacidad pro-angiogénica e inmunosupresora,®® o
células supresoras derivadas de mieloides que secretan indolamina 2,3.dioxigenasa (IDO);%%
iv) inflamacién aberrante a través de la secrecion de interleucina 6 y 17 por neutrofilos
asociados al tumor tras la inhibicion del eje PD1/PD-L1;%"1% v) finalmente, algin estudio ha
sugerido en modelos murinos de linfoma no-Hodgkin que el bloqueo de PD1/PD-L1 podria
activar directamente cascadas intracelulares pro-tumorales,*%*1%2 como la via de PISBK/AKT y
NF-KB. Todas estas hipétesis han sido muy bien sintetizadas en la revision llevada a cabo por

investigadores del IGR.%!

Nuestro trabajo es el primer estudio en evaluar si HPD puede ser capturado con criterios
basados en RECIST, utilizando un grupo control con similares caracteristicas al grupo
experimental tratado con ICls. Demostramos que las definiciones radioldgicas para HPD, tanto

por RECIST como por TGR, ocurren en ambas cohortes de tratamiento. Sin embargo, en
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nuestra serie las diferencias estadisticamente significativas fueron Unicamente observadas
cuando se utilizo los criterios basados en RECIST en la corte de pacientes tratados con ICls,
manteniendo su impacto en el analisis multivariado y sin estar asociado a factores pronésticos

clasicos.

Ambos trabajos tienen importantes limitaciones, debido principalmente a que son
estudios retrospectivos realizados en una Unica institucion, aunque los datos clinicos hayan
sido recolectados prospectivamente dentro de los ECT. Debido a que se incluyen mdltiples
tipos de tumor y diferentes regimenes de tratamiento, esta heterogeneidad puede influir
potencialmente en los resultados. Sin embargo, esta diversidad representa la poblacion real
dentro de las unidades de desarrollo precoz de farmacos. Especificamente, la HPD por criterios
RECIST puede sobrestimar el fendmeno en casos especificos con una enfermedad agresiva e
infra-estimar en pacientes con un rapido deterioro clinico que no permita una evaluacién global
radioldgica. Sin embargo, esta definicion puede ser facilmente aplicable en la practica clinica,
ayudando en la toma de decisiones de discontinuar el tratamiento con ICIs para buscar una

alternativa terapéutica.

En resumen, los ECT estdn en continua evolucion para trasladar la investigacion
preclinica a los pacientes de una forma mas segura y efectiva. Nuestro indice prondstico PIPO
tool, asi como nuestros criterios de HPD basados en RECIST, pueden ayudar a conseguir el
objetivo final de aumentar el beneficio clinico de los pacientes tratados en ECT. Su
aplicabilidad e implementacion en la préactica clinica en los proximos afios seran claves para

determinar su impacto real mas alla de nuestra cohorte de validacion.
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7. Conclusiones



Nuestro trabajo permite optimizar el potencial beneficio clinico de pacientes tratados
en ECT através de 2 procesos esenciales: i) mejorar la seleccion de pacientes incluidos
en estos estudios y ii) identificacion temprana del fenémeno de HPD para discontinuar
de forma precoz el tratamiento en aquellos pacientes que lo experimenten.

El score pronoéstico “phase 1 prognostic online” (PIPO) es una herramienta objetiva e
interactiva, la cual es capaz de estimar una probabilidad de supervivencia o un riesgo
de fallecer durante los 3 primeros meses para cada paciente especificamente antes de
ser incluido en un ensayo clinico temprano con TD o ICIs, en vez de asignar al paciente
a un grupo de riesgo predeterminado.

PIPO tool utiliza todas las variables de forma continua, sin dicotomizar o simplificar la
informacion, con el objetivo de mejorar el modelo prondstico de una forma individual
para cada paciente. La precision global de prediccion de muerte durante los 3 primeros
meses fue del 87.2% con una adecuada discriminacién y calibracion global en una
cohorte de validacion.

El patrén de respuesta atipico conocido como HPD puede ser capturado a través de
criterios adaptados RECIST, lo que permite una facil aplicabilidad en la clinica.
Nuestra definicion de HPD basada en RECIST y la establecida a través del TGR
identifican este fendmeno radioldgico en pacientes tratados tanto con TD como con
ICls. Sin embargo, el impacto en supervivencia global fue inicamente observado en
esta ultima cohorte con nuestra definicion basada en RECIST, sin existir asociacion con

factores pronosticos clasicos.
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8. Lineas futuras



Actualmente se esta trabajando en realizar una validacion prospectiva de PIPO tool a
través de la participacion de unidades internacionales de desarrollo precoz de farmacos
mediante un consorcio. Con el objetivo de comparar la estimacion de supervivencia de PIPO
tool previo a la inclusién del paciente en el estudio con el evento final real, estamos
desarrollando un protocolo, consentimiento informado y base de carga. Al mismo tiempo, PIPO
tool continlia en crecimiento y estamos en contacto con numerosos centros para poder integrar
sus bases de datos completamente andnimas para incrementar el nimero de pacientes
analizados y potencialmente mejorar el modelo. La web de PIPO tool, proporciona ademas un

email de contacto para potenciales colaboraciones.

Tras la publicacion de nuestro criterio basado en RECIST para capturar potenciales
pacientes con el patron de respuesta atipico de HPD, he sido galardonado con una beca de
investigacion traslacional otorgada por ESMO con una duracion de 2 afios y una dotacion
econdmica de 80.000 Euros por el proyecto “Impact of tumor associated macrophages profile
on Hyperprogression disease with anti-PD1 inhibitors”, el cual es una colaboracién entre VHIO
y University College London (UCL), Reino Unido. Adicionalmente el proyecto tiene una
financiacion complementaria a través de la compafiia farmacéutica Beigene.

Nuestra principal hipotesis para explicar la etiologia de este fendmeno es la deplecion
de linfocitos T PD1+ (unidos a ICls contra PD1) por macréfagos a través de un mecanismo de
fagocitosis mediada por anticuerpo, al interaccionar el fragmento cristalizable (Fc) de la droga
con polimorfismo de receptores gamma de la fraccion cristalizable de los anticuerpos (FcyR).
Para ello, estamos analizando 30 pacientes clasificados como hiperprogresores por la
definicion basada en RECIST y dos grupos control con 30 pacientes adicionales cada uno, con
pacientes con respuesta parcial o progresion como mejor respuesta no-HPD. Todos los
pacientes fueron tratados en ECT con inmunoterapia en la unidad de terapia molecular del

VHIO y aceptaron participar en el proyecto “360 RESISTANCE INMUNO-ONCOLOGIA:
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Aplicacion de un modelo de investigacion traslacional para estudiar predictores de
respuesta/toxicidad, y mecanismos de resistencia en pacientes tratados con inmunoterapia”
PR(AG) 252/2016, a traves de la firma de un consentimiento informado. El actual proyecto
para evaluar la HPD es un sub-estudio del anterior con la aprobacion del comité ético de

investigacion clinica del Hospital Vall d"Hebron y UCL.

El objetivo de este proyecto es i) evaluar y analizar los cambios dindmicos en el
microambiente tumoral (principalmente los asociados al compartimento mieloide y de
linfocitos T), al inicio del tratamiento y tras el tratamiento con ICIs, asi como estudiar su
potencial asociacion con los distintos patrones de respuesta, ii) estudiar la incidencia de FcyR
y su potencial correlacion con los patrones de respuesta, Y iii) caracterizar geo-espacialmente

el microambiente tumoral y analizar los cambios tras el tratamiento con ICls.

Para ello caracterizaremos el tumor y el microambiente tumoral a través del andlisis
genémico y transcriptomico mediante RNA-seq y WES, respectivamente; evaluaremos la
clonalidad y los cambios dinamicos de linfocitos a través de la secuenciacion del receptor del
linfocito T (TCR);analizaremos la indecencia de polimorfismos en FcyR y su correlacion con
los distintos patrones de respuesta; y, finalmente, analizaremos la infiltracion inmune en el
tumor, su localizacion y su relacion espacial por microscopia de fluorescencia con multiples

marcadores

Nuestros resultados permitiran i) identificar biomarcadores predictivos de HPD; ii)
establecer potenciales modelos de HPD; iii) identificar y entender los mecanismos de
resistencia e HPD; y iv) testar nuevas drogas en desarrollo en estos modelos para intentar

personalizar el tratamiento con IClIs especificamente para cada paciente.
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