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Research in two fronts has enabled the development of therapies that provide significant benefit to
cancer patients. One area stems from a detailed knowledge of mutations that activate or inactivate
signaling pathways that drive cancer development. This work triggered the development of tar-
geted therapies that lead to clinical responses in the majority of patients bearing the targeted
mutation, although responses are often of limited duration. In the second front are the advances
in molecular immunology that unveiled the complexity of the mechanisms regulating cellular im-
mune responses. These developments led to the successful targeting of immune checkpoints to
unleash anti-tumor T cell responses, resulting in durable long-lasting responses but only in a frac-
tion of patients. In this Review, we discuss the evolution of research in these two areas and propose
that intercrossing them and increasing funding to guide research of combination of agents repre-
sent a path forward for the development of curative therapies for the majority of cancer patients.

Introduction
The scientific community united against a common enemy in
1971 when President Nixon signed a bill initiating the ‘‘War on
Cancer,’’ which provided funding for scientific research focused
on improving our understanding and treatment of cancer.
Without doubt, the intervening years were followed by great
advances in the elucidation of the molecular mechanisms that
regulate growth and death of normal cells, including a deep
understanding of how these pathways progressively go awry
during the development of cancer. This understanding led to
the era of genomically targeted therapies and ‘‘precision medi-
cine’’ in the treatment of cancer. Genomically targeted therapies
can result in remarkable clinical responses. The ability of cancer
cells to adapt to these agents by virtue of their genomic insta-
bility and other resistance mechanisms eventually leads to
disease progression in the majority of patients nonetheless.
Unraveling themechanisms bywhich cancer cells become resis-
tant to drugs and developing new agents to target the relevant
pathways have become logical next steps in this approach for
cancer treatment. However, given the genetic and epigenetic
instability of cancer cells, it is likely that each new drug or com-
bination of drugs targeting the tumor cells will meet with more
complex mechanisms of acquired resistance. Recent findings
suggest that T cells, bearing antigen receptors that are gener-
ated by random rearrangement of gene segments, followed by
selective processes that result in a vast repertoire of T cell
clones, provide sufficient diversity and adaptability to match
the complexity of tumors. Discoveries regarding regulation of
T cell responses have provided key principles regarding immune

checkpoints that are being translated into clinical success, with
durable responses and long-term survival greater than 10 years
in a subset of patients with metastatic melanoma, as well as
yielding promising results in several other tumor types. Now,
with the perspective of combining genomically targeted agents
and immune checkpoint therapies, we are finally poised to
deliver curative therapies to cancer patients. To support this
goal and accelerate these efforts, changes in directions of
research support and funding may be required.

Precision Medicine: Targeting the Drivers
In the past three decades, enormous strides have been made in
elucidating the molecular mechanisms involved in the develop-
ment of cancer (Hanahan and Weinberg, 2011). It is now clear
that the oncogenic process involves somatic mutations that
result in activation of genes that are normally involved in regula-
tion of cell division and programmed cell death, as well as inac-
tivation of genes involved in protection against DNA damage or
driving apoptosis (Bishop, 1991; Solomon et al., 1991;Weinberg,
1991; Knudson, 2001). These genetic links led to the decision
early in the war on cancer to undertake sequencing of cancer
genomes to provide a comprehensive view of somatic muta-
tional landscapes in cancer and identify possible therapeutic tar-
gets. Infrastructure and funding were provided to coordinate the
sequencing efforts. It has become apparent that the level of
somatic mutations differs widely between and within different
tumor types ranging from very low rates in childhood leukemias
to very high rates in tumors associated with carcinogens (Alex-
androv et al., 2013).
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preliminary data indicate that this combination appears to be
well tolerated (Puzanov et al., 2014, J. Clin. Oncol., abstract),
which highlights the need to consider differences in drugs,
dose, and/or schedule when evaluating agents for combination
strategies. Understanding how different genetically targeted
agents affect the responsiveness to immunotherapy may help
guide choices of combinations of drugs.
From a mechanistic perspective, it is possible that combina-

tion strategies with immune checkpoint therapies and genomi-
cally targeted agents will result in induction of immune memory,
leading to more durable control of tumor growth than what is
achievable with either modality alone. Genomically targeted
therapies with high objective response rates actually could serve
as ‘‘cancer vaccines,’’ inducing the killing of tumor cells and re-
sulting in the release of tumor antigens and neoantigens, which
can then be presented by APCs to tumor-specific T cells
(Figure 1). These T cells would become activated but also upre-
gulate inhibitory checkpoints such as CTLA-4 and PD-1, which
can be blocked with antibodies to permit enhanced anti-tumor
T cell responses, including memory T cell responses, to enable
long-term control of disease and possible cure. In addition, the
use of targeted agents to directly kill tumor cells, with release
of tumor antigens, may focus the activated immune response
generated by immunotherapy agents on tumor antigens rather
than self-antigens expressed on normal tissues, resulting in
fewer adverse events. Furthermore, identification of neoantigens
may result in the development of personalized vaccines
composed of these neoantigens for novel vaccine strategies
plus immune checkpoint agents (Gubin et al., 2014; Tran et al.,
2014; Linnemann et al., 2015).
Although it is clear that clinical responses can be elicited with

immune checkpoint therapies or genomically targeted agents, it

appears that genomically targeted agents alone tend to improve
median survival without providing long-term durable responses
(Figure 2, blue line). Targeting immune checkpoints improves
median survival but remarkably also provides long-term durable
responses, raising the tail of the survival curve (Figure 2, green
line). When combined, these therapies are likely to have an addi-
tive or even synergistic therapeutic effect that not only would
potentially further improve median survival but would also raise
the tail of the survival curve, increasing the number of patients
that appreciate long-term clinical benefit (Figure 2, red line).

A Future of Curative Cancer Therapies
Federal funding for research has been overwhelmingly directed
toward genomically targeted therapies as compared to immune
checkpoint therapies. The fundamental research that led to the
identification of CTLA-4 as an immune checkpoint, as well as
the pre-clinical studies showing the potential of its blockade in
cancer therapy, were funded by the National Cancer Institute,
but since then, there have been no major initiatives to accelerate
progress in this area. Given the durability of the responses that
have been obtained with immune checkpoint therapies, it seems
reasonable also to allocate enough funds and resources to
research focused on immune checkpoint therapies and combi-
nation therapy of genomically targeted agents and immuno-
therapy with promising curative potential. Efforts to determine
the impact of genomically targeted therapies on the immune sys-
tem should also be prioritized, as they will help to identify which
agents can enhance anti-tumor T cell responses and guide the
choice of combinations from the two classes of agents. At this
stage, it does not seem a stretch to say that increasing funding
to combination therapies will be key to development of new
safe treatments that may prove to be curative for many patients
with many types of cancer.
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Real-world treatment and survival of
patients with advanced non-small cell lung
Cancer: a German retrospective data
analysis
Fränce Hardtstock1*, David Myers2, Tracy Li3, Diana Cizova1, Ulf Maywald4, Thomas Wilke1 and Frank Griesinger5

Abstract

Background: The objective of this study was to describe the real-world treatment and overall survival (OS) of
German patients with a diagnosis of advanced non-small cell lung cancer (aNSCLC), and to explore factors
associated with the real-world mortality risk.

Methods: This was a retrospective German claims data analysis of incident aNSCLC patients. Data were available
from 01/01/2011 until 31/12/2016. Identification of eligible patients took place between 01/01/2012–31/12/2015, to
allow for at least 1-year pre-index and follow-up periods. Inpatient and outpatient mutation test procedures after
aNSCLC diagnosis were observed. Further, prescribed treatments and OS since first (incident) aNSCLC diagnosis and
start of respective treatment lines were described both for all patients and presumed EGFR/ALK/ROS-1-positive
patients. Factors associated with OS were analyzed in multivariable Cox regression analysis.

Results: Overall, 1741 aNSCLC patients were observed (mean age: 66·97 years, female: 29·87%). The mutation test
rate within this population was 26·31% (n = 458), 26·6% of these patients (n = 122) received a targeted treatment
and were assumed to have a positive EGFR/ALK/ROS-1 test result. Most often prescribed treatments were
pemetrexed monotherapy as 1 L (21·23% for all and 11·11% for mutation-positive patients) and erlotinib
monotherapy as 2 L (25·83%/38·54%). Median OS since incident diagnosis was 351 days in all and 571 days in
mutation-positive patients. In a multivariable Cox regression analysis, higher age, a stage IV disease, a higher
number of chronic drugs in the pre-index period and no systemic therapy increased the risk of early death since
first aNSCLC diagnosis. On the other hand, female gender and treatment with therapies other than chemotherapy
were associated with a lower risk of early death.

Conclusions: Despite the introduction of new treatments, the real-world survival prognosis for aNSCLC patients
remains poor if measured based on an unselected real-world population of patients. Still, the majority of German
aNSCLC patients do not receive a mutation test.

Keywords: Non-small cell lung cancer, Advanced NSCLC, Mutation testing, Overall survival
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Figure 1. Cohort description – (A) Clinical sites along the three participating countries. The circle size represents the total
subjects recruited in each city. Several clinical sites were aggregated at the city level. (B) Frequency of pathological stages per
country. The pie charts show the proportion of the pathological stages of the samples at diagnosis in each country. (C)
Percentage of samples altered per gene. Colors shows the clinical actionability of the variants detected in each gene.
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frecuentes en MET (METamp y METex14), cuentan con varias dro-
gas dirigidas aprobadas por la FDA como crizotinib75, tepotinib76, 
capmatinib77 y savolitinib78.

En Chile, las drogas contra MET y KRAS no están disponibles para 
su uso en la práctica clínica, lo cual resulta perentorio de evaluar 
ya que KRAS y MET cuentan con un gran porcentaje de mutacio-
nes que no coexisten con otras mutaciones accionables con op-
ciones terapéuticas (NCT03220230)21. 

Crizotinib es un multi TKI que ha mostrado un aumento signifi-
cativo de la PFS en comparación a quimioterapia, cuando se usa 
en pacientes con mutaciones en ALK, ROS1 y MET79. En Chile, cri-
zotinib está aprobado sólo para pacientes con alteraciones en ALK 
(Tabla 1). Es importante evaluar y aprobar nuevas pruebas diag-
nósticas y drogas dirigidas a los genes accionables más mutados 
en pacientes chilenos con NSCLC.

DISCUSIÓN
El perfil mutacional de los genes accionables junto con los niveles 
de expresión de PD-L1 y la TMB son hasta ahora las mejores opcio-
nes diagnósticas para prescribir terapias dirigidas en NSCLC39,41,80.
De la información tabulada en los oncoplots gracias a la gran can-

Figura 4.  Oncoplot representativo del perfil mutacional de 579 pacientes chilenos diagnosticados con 
NSCLC, específicamente adenocarcinoma de pulmón 

A partir de los datos disponible en NIRVANA (NCT03220230)21. Se seleccionaron los pacientes de Chile (columnas) y el análisis de la mutaciones conduc-
toras en los genes EGFR, KRAS, MET, ALK, BRAF, ERBB2, ROS1, RET y MAP2K1. El 45% de los pacientes presenta al menos un gen alterado. La clave de 
color representa el tipo de mutación encontrada y las barras grises indican ausencia de mutaciones en los genes interrogados.

tidad de datos almacenados en bases de datos públicas, podemos 
rescatar dos conceptos importantes. Lo más común son los genes 
mutados en una frecuencia menor al 2%, y lo menos común, son 
los genes mutados en un porcentaje superior al 20%. Otro aspec-
to importante, es que la mayoría de los perfiles mutacionales (co-
lumnas) poseen solo una mutación conductora, lo que se eviden-
cia al observar la figura completa, donde las mutaciones (colores) 
forman una especie de escalera que desciende hacia la derecha, 
siendo muy pocos pacientes los que expresan más de una muta-
ción en los genes interrogados. Sin embargo, existen pacientes 
que no presentaron ninguna mutación conductora. En esos casos, 
si se quiere encontrar la alteración conductora predictiva de ac-
cionabilidad, es importante utilizar paneles con una mayor canti-
dad de genes en NGS y para los casos que no posean mutaciones 
conductoras, medir los niveles de PD-L1 o calcular la TMB son 
de gran ayuda para encontrar la mejor alternativa terapéutica37.

Dado que la principal causa de muerte por cáncer en Chile y Amé-
rica del Sur es el cáncer de pulmón y dada la dificultad que genera 
encontrar datos de las frecuencias de mutaciones en pacientes 
latinoamericanos, sería importante contar con una base de datos 
local y pública que agrupe datos moleculares de tumores, junto 
con el fortalecimiento de la red oncológica y almacenamiento de 
datos en los servicios asistenciales. 
 

[REV. MED. CLIN. CONDES - 2022; 33(1) 25-35]

Mutación estructural

Sin alteración Mutación trunca

Mutaciones con cambio de sentido

Inserciones/deleciones conductoras (InDels)
Mutaciones conductoras en sitio de 
empalme (splice mutations)

EGFR+ALK+ROS1   20%
EGFR+ALK+ROS1+MET+KRAS+RET+ERBB2+BRAF 47% 



Desafíos en Chile

• El uso de estos tratamientos requiere el diagnóstico molecular de 
varios biomarcadores en el tejido tumoral,

• Los tratamientos son de alto costo y su acceso y cobertura es 
complejo y parcial, y 

• Existe escasa evidencia científica sistematizada de los resultados 
clínicos de paciente chilenos respecto al diagnóstico molecular y 
terapias dirigidas en cáncer de pulmón.



Propuesta
Validación analítica y costeo de prestación de una metodología
NGS para el diagnóstico de rutina de múltiples alteraciones
moleculares accionables en el tratamiento del cáncer de pulmón en el
sistema público de Chile

Equipo

CGG-UDD: Dr. Ricardo Armisén, Sr. Alejandro Blanco
U. Chile: Dra. Katherine Marcelain
INT: Dr. Francisco Orlandi & Dra. Cristina Fernández
FCV: Sr. Francisco Vidangossy (Director FCV)



Objetivo
Validar un análisis molecular y una propuesta arancelario FONASA, que permita en un solo 
ensayo de alta precisión determinar el estado mutacional de biomarcadores de utilidad clínica 
en cáncer de pulmón en Chile (EGFR, ALK, ROS1, BRAF, RET, KRAS, ERBB2 y MET) en pacientes 
del Instituto Nacional del Tórax (INT).

El estudio tendrá dos etapas: 
(i) en condiciones controladas de laboratorio clínico utilizando muestras controles comerciales 

para los genes de interés y con muestras FFPE de cáncer de pulmón recientemente 
diagnosticado de 96 pacientes del mundo real (INT) en que se han analizado 
biomarcadores de interés (como EGFR/ALK/ROS1) utilizando ensayos validados.

(ii) Una vez implementado realizar un estudio de costos con metodología FOCO de FONASA 
para la propuesta de arancel MAI

Plazo de ejecución 1 año
Dos hitos críticos (30% y 70% ejecución)

Costo aprox. 120M + Estudio de Costeo FONASA (30M)



escenario actual escenario ideal
7 procesos
TAT >49 dias al tto.
Alto costo

3 procesos
TAT <21 dias al tto.
Menor costo
Mayor tasa de éxito diagnostico



Etapas a largo plazo Impacto
• Disponibilizar un análisis molecular con estándar clínico que 

permita en un solo ensayo de alta precisión determinar el 
estado mutacional de todos los biomarcadores de utilidad 
clínica accionable (EGFR, ALK, ROS1, BRAF, HER2, RET, MET) 
en NSCLC en Chile.

> Eficiencia 
< Costo

< Tiempo de espera

• Estudiar la relación costo/beneficio de la implementación del 
análisis de biomarcadores y tratamiento basado en oncología 
de precisión. Evidencia científica local

Acceso• Crear un registro informatizado de datos clínicos y genómicos 
que incluya información de tratamiento, respuesta y evolución 
clínica.

Ø Calcular la sensibilidad, especificidad, precisión, repetitividad y reproducibilidad del kit.
Ø Performance en condiciones del mundo real
Ø Kit “validado”
Ø Estudio arancel



Gracias!
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