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The Clinical Research Programme ( CRP ) has 2 main goals :
1 ) to translate preclinical research into novel clinical care
standards ; and 2 ) to address novel clinical oncology challenges
with preclinical research. The specific areas of work include :
1 ) development of novel agents ; 2 ) study of mechanisms of
action of novel compounds and tackling drug resistance ;
and 3 ), moving forward in the field of biomarkers, functional
taxonomy and precision medicine. Currently, 2 functional
objectives summarise the CRP’s new operating model : i )
generating synergies with ongoing research lines in the basic
research programmes ; and ii ) constituting a bi-directional
bridge to facilitate closer interactions between the CNIO and
tertiary cancer hospitals. The clinical activity of the CRP’s
Clinical Units takes place through agreements with tertiary
hospitals ( Hospital 12 de Octubre, Hospital de Málaga and
Hospital de Fuenlabrada ). These agreements foster the
interaction between clinicians and scientists and allow
scientists from all CNIO Programmes to participate in
translational research studies. The ongoing collaborations
between CRP Units and Groups from other CNIO Programmes
now represent 16 projects and 3 coordinated grants, which
accounts for the high translational research activity of the
institution. Twelve medical oncology residents from different
Spanish hospitals completed their 3-month optional stays at
the CNIO during 2021.

“ The Clinical Research
Programme aims to improve
cancer care by developing
novel agents and
personalising therapeutic
approaches on the basis of
novel biomarkers.”
continued to provide support to hospitals in the diagnosis of
different malignancies, performing >1000 diagnoses in 2021.
In 2022, we expect major changes in the Programme ; 1 Junior
Group ( PCCRU ) is leaving the CNIO and moving to Instituto
i +12 because of the completion of the junior scientist’s career
development at the CNIO, and the active search for novel
candidates to expand our activities is ongoing. s

Although clinical activity was hampered considerably in 2021
due to COVID-19, the clinical groups managed to produce
highly impactful research. The Breast Cancer Clinical Research
Unit, led by Miguel Quintela-Fandino, provided proof-ofconcept about the right niches in which NGS profiling is
indicated for patients with advanced breast cancer. The Lung
Cancer Clinical Research Unit, led by Luis Paz-Ares, completed
a chemo-immunotherapy registration trial in non-small-cell
lung cancer, the most common subtype of lung cancer, and
its results were recently published in The Lancet Oncology.
The Haematological Malignancies Clinical Research Unit,
headed by Joaquín Martínez López, developed a CAR-T therapy
against multiple myeloma, a highly unmet clinical need. The
Prostate Cancer Clinical Research Unit ( PCCRU ), headed by
David Olmos, continued working on the development of novel
therapies for prostate cancer, building a nomogram that can
accurately predict benefit from abiraterone in advanced cases.
Additionally, they fine-tuned the technology for disease
monitoring with non-invasive techniques in peripheral blood :
circulating tumour cells and cell-free DNA. Finally, the
Molecular Diagnostics Unit, headed by Luis Lombardía,
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Summary

Organoids

Despite important advances in research, breast cancer remains a major health problem and represents an urgent biomedical research priority.
Worldwide, breast cancer is the most common cancer affecting women, and its incidence and mortality rates are expected to increase every
year. Almost 37.000 new cases of breast cancer will be diagnosed in Spain in 2030, an increase of 7.3% compared to 2020. Breast cancer is a
high heterogeneous disease on the molecular level. Regardless of the best standard of care, early diagnosis tools, surgery, radiotherapy and
neoadjuvant chemotherapy, still a high percentage of the patients relapse and die from their disease. Breast cancer is far from a resolved
malignancy, and the advances achieved in other malignancies, in terms of definition of genomic markers associated to disease course, benefit
from immunotherapy or targeted therapy is currently limited. In the last decade, the technology of three-dimensional (3D) cultures has been an
unprecedented revolution that has completely changed the way of studying the development of healthy organs, and also, the process of
carcinogenesis. Organoids are generated from stem cells that are able to form 3D structures. The stability and versatility of organoids have
provided a unique opportunity to approach human diseases that affect epithelial tissues, above all stand out patient-derived tumor organoids
(PDTO) which offer great potentials in uncovering novel biology of cancer development. In the context of breast cancer disease organoids have
also been a very useful model, for example, normal organoids provide a valuable resource for studying development and function of the human
mammary gland, and normal breast organoids can be subjected to CRISPR-Cas9 editing for understanding de novo oncogenesis. Importantly,
due to the retained genetic and histologic features of the original patient tumor, PDTOs are a potent tool for personalized medicine. Then, taking
advantage of breast cancer organoids as a faithful model for precision medicine we will focus our efforts in improving the treatment of breast
cancer patients. Our aim is to develop a PDTO platform for studying the mechanism of resistance to CDK4/6 inhibitors and moreover, we will
develop co-cultures of lymphocytes and breast cancer organoids for identifying new predictive biomarkers of immunotherapy with the aim to
determine more effective immunotherapy treatments for breast cancer patients.

In the last decade, the technology of three-dimensional (3D) cultures has been an unprecedented revolution that has completely changed the way of
studying the development of healthy organs, and also, the process of carcinogenesis. Organoids are generated from stem cells that are able to form 3D

structures, they could be defined as any heterotypic structures that can be reproducibly generated from single cells or cell clusters derived from somatic
Clinical Research Programme | Breast Cancer Junior Clinical Research Unittissues
or pluripotent stem cells and, can self-assemble through cell–cell and cell–extracellular matrix (ECM) communications. The stability and versatility
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of organoids have provided a unique opportunity to approach human diseases that affect epithelial tissues, above all stand out patient-derived tumor
organoids (PDTO) which offer great potentials in uncovering novel biology of cancer development.

Figure1. Generation of breast cancer organoids from breast tumor metastasis. The establishment of PDTOs comprises tumor
digestion with collagenase and after two sequential centrifugations that isolate single cells that finally are seeded embedded into
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Figure6. Co-culture of breast cancer organoids and peripheral blood lymphocytes. Tumo
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Use of PDTOs to improve immunotherapy treatments in TNBC patients

To date, clinical data have shown that the use of specific CDK4/6 inhibitors significantly improves the efficacy of treatment in patients with ER+/HER2advanced breast cancer. However, up to now the best response biomarker is the ER, much more progress is needed in this field, but probably all the lines
of research and multiple clinical trials that are currently ongoing will discover soon new biomarkers to predict effectiveness. But we cannot forget the
problem of resistance to CDK4/6 inhibitors that has been little explored. Resistance to these drugs is almost inevitable in most patients and the
mechanisms of resistance to them seems to be multifactorial and are still mostly unknown.

Immunotherapy has changed the standard of care in melanoma, lung, kidney or urothelial cancer. Immune checkpoint inhibitors (ICIs) are the most
successful and thoroughly investigated immunotherapeutic agents to date, focus on PD-1/PD-L1 blockade and CTLA-4 inhibition. Several studies focusing
on the immunologic landscape of breast cancer subtypes pointed out TNBC as the subtype with the strongest tumor immunogenicity. But, the urgent
problem of the lack of predictive biomarkers for cancer immunotherapy could explain the low-to-moderate efficacy rates in TNBC patients. TillFigure6.
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Scientific development in the field of healthcare must focus into medical unmet needs of the population. Breast cancer is far from a resolved
malignancy, and the advances achieved in other malignancies, in terms of definition of genomic markers associated to disease course, benefit
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heterogeneous subpopulations of cells that share the same genome, and they are termed “clones”. Each clone, that composes the tumor, since it has
different genomic aberrations, may have different sensitivity or resistance patterns against chemotherapy. This is not taken into account nowadays in
clinical oncology, and patients receive continuous treatment with same treatment regimen until tumor regrows, obviously accounted for by the clones that
were resistant (or became resistant) to the administrated treatment, which, in turn, was able to eradicate a portion of clones. The aim is to undertake the
first exploration to relate genomic alterations to response or sensitivity to the combination of CDK4/6 inhibitors and endocrine therapy.

Next-generation sequencing panels have become widely used
tools to try to allocate and individualise treatments in advanced
breast cancer. However, considerable controversies exist
regarding their usefulness and the specific niches in which
they should be used. We issued practical guidelines for the
indication of these tests in advanced breast cancer on the
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Figure4. Genomic evolutions alongside tumor progression.

The Breast Cancer Clinical Research Unit ( BCCRU ) focuses
on the translational interface of therapeutic development.
Breast cancer is a heterogeneous disease and, thus, there are
large inter-patient variations in terms of disease course,
prognosis, relapse, and resistance to conventional or targeted
therapeutics. Our activities are directed towards personalised
treatment and range from preclinical models to correlative
studies and clinical trials.
Our current research areas are :
ɗ Studying the implications of hypoxia for immunotherapies.
ɗ Understanding the individual factors regulating the
response to immunotherapy in breast cancer, taking

“ At the Breast Cancer Clinical
Research Unit, we focus on
individualising therapy for advanced
breast cancer.”

Figure4. Genomic evolutions alongside tumor progression.
Metastatic disease show a higher level of genomic complexity, in
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organoids were established from metastatic biopsies of TNBC patients and stimulated with IFNγ for 24
hr prior to co-culture with peripheral blood mononuclear cells (PBMCs) from the same patient. Then
during the co-culture IL-2 and a cocktail of anti CD3, CD28 and CD2 were added to provide costimulation and proliferation of T cells.

Figure4. Genomic evolutions alongside tumor progression.
Metastatic disease show a higher level of genomic complexity, in
fact, treatments create a selection pressure on tumor cell
populations and can lead to clonal selection/expansion and
occurrence of new major driver mutations.

Figure5. Clonal-derived organoids show differential response to four
different drugs. Single-cell clone were generated from the organoid line
H12_5, each clone was treated during 4 days and .cell viability was
measured by CellTiter-Glo.
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that converges in the regulatory machinery of tubulin
acetylation is responsible for making cancer cells sensitive to
this drug. This pair of markers is highly accurate in predicting
sensitivity in the clinical setting. s

Use of PDTOs to overcome the problem of resistance to CDK4/6 inhibitors
To date, clinical data have shown that the use of specific CDK4/6 inhibitors significantly improves the efficacy of treatment in patients with ER+/HER2advanced breast cancer. However, up to now the best response biomarker is the ER, much more progress is needed in this field, but probably all the lines
of research and multiple clinical trials that are currently ongoing will discover soon new biomarkers to predict effectiveness. But we cannot forget the
problem of resistance to CDK4/6 inhibitors that has been little explored. Resistance to these drugs is almost inevitable in most patients and the
mechanisms of resistance to them seems to be multifactorial and are still mostly unknown.
∞ PUBLICATIONS
We will try to solve
the problem of acquired resistance to endocrine therapy and CDK4/6 inhibitors using PDTOs but we propose to switch the current
standard chemotherapy administration approach for advanced cancer patients. It is a fact that tumors are not homogeneous, but composed of small and
heterogeneous subpopulations of cells that share the same genome, and they are termed “clones”. Each clone, that composes the tumor, since it has
different genomic
∞ aberrations, may have different sensitivity or resistance patterns against chemotherapy. This is not taken into account nowadays in
clinical oncology, and patients receive continuous treatment with same treatment regimen until tumor regrows, obviously accounted for by the clones that
were resistant (or became resistant) to the administrated treatment, which, in turn, was able to eradicate a portion of clones. The aim is to undertake the
first exploration to relate genomic alterations to response or sensitivity to the combination of CDK4/6 inhibitors and endocrine therapy.
∞

advantage of an advanced, personalised “ tumouroid ”
platform.
ɗ Tackling the mechanisms of resistance against novel
therapies in advanced breast cancer.
ɗ Incorporating our findings into concept-driven clinical
trials.
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first exploration to relate genomic alterations to response or sensitivity to the combination of CDK4/6 inhibitors and endocrine therapy.
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OVERVIEW
Prostate cancer is the most common cancer diagnosis in men
and, despite its potential to be cured in almost 90% of early
stages, its metastatic spread causes about 6,000 deaths every
year in Spain alone, whilst in the US over 30,000 men succumb
to the disease each year.

Our work has been widely recognised with several highly cited
publications in top journals in our field, including The New
England Journal of Medicine, The Lancet Oncology, The Journal
of Clinical Oncology, European Urology, Annals of Oncology,
and many others. s

During the last few years, our Group has focused precisely on
the development of new methods to identify and treat the
most aggressive and lethal forms of prostate cancer, in order
to accelerate precision medicine for the disease. In particular,
over the last 9 years, our group has made significant
contributions in :
ɗ I ) Establishing and developing several biomarkers based
on the concept of liquid biopsy.
ɗ ii ) Understanding the implication of gene alterations
leading to DNA repair deficiency in this disease.
ɗ iii ) Developing new treatments for prostate cancer.

∞

∞

∞
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CORE UNIT HIGHLIGHTS
Extending our portfolio
During 2021, we expanded our offer of assays by adding a new
one that will enable the detection of activating mutations in
exons 14 and 17 of the CSF3R gene encoding the receptor for
colony-stimulating factor 3, a cytokine that controls the
production, differentiation, and function of granulocytes.
Alterations in CSF3R, commonly found in patients with chronic
neutrophilic leukaemia ( CNL ) or some atypical chronic
myeloid leukaemia ( aCML ), have been reported as useful
prognostic and predictive markers, since patients with altered
CSF3R showed an aggressive course of CNL and some
sensitivity to ruxolitinib, a nonselective JAK inhibitor.
We also increased the detection coverage of a test implemented
more than 10 years ago. This test uses qRT-PCR to detect
BCL2-IgH fusion gene variants necessary for the diagnosis
of follicular lymphoma and some cases of large B-cell
lymphomas, as well as to monitor for minimal residual disease
after treatment. The former assay detected only 50-60% of
the cases with the MBR ( major breakpoint region ) variant

and 5-10% with the mcr ( minor cluster region ) variant.
However, recent findings have revealed new variants that had
not been previously used to evaluate patients with follicular
lymphoma. As a result, with the current test, we have improved
our capability to notify those patients with follicular lymphoma
sharing 3 ’MBR or ICR variants ( 10-15% of ) and 5 ’mcr ( 15-20%)
variants ( FIGURE 1 ).
Finally, we also started a pilot study to evaluate the feasibility
of implementing a test using Next Generation Sequencing
technology that will enable us to analyse the mutational status
of the IGHV ( immunoglobulin heavy chain variable region )
gene ; this analysis is crucial for the prognosis and response
to therapy of patients with chronic lymphocytic leukaemia.
Training
During the first semester of 2021, MDU hosted 2 undergraduate
students who carried out their end-of-degree projects. s

OVERVIEW
The activity of the Molecular Diagnostics Unit ( MDU ) is
primarily aimed at providing an array of reliable and time/
cost-efficient molecular diagnostic assays to help our National
Health System’s clinicians make early diagnosis, detect possible
relapses, and/or monitor the response to therapy in patients
with different cancers. Therefore, we devote effort to
strengthening, updating and expanding the assays that are
currently offered by implementing the latest tests available,
or by upgrading the most established ones. Likewise, the Unit
also provides support to the research needs of CNIO’s Clinical
Research Units and Research Groups by checking their samples
for alterations in the biomarkers included in our catalogue.
Furthermore, MDU collaborates with several international
and national organisations focused on the standardisation
and improvement of molecular diagnostics in cancer. Finally,
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“ During the last 15 years, MDU has
supported over 300 clinicians by
providing nearly 7000 specific and
sensitive assays, with the aim of
improving the diagnosis, prognosis,
and response to therapy of more
than 3000 cancer patients.”

the MDU is also involved in disseminating knowledge in the
field of molecular diagnostics by instructing biomedical
students in our techniques and methods.
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FIGURE 1 Location of primers and
probes used in the new assay. Primers
and probes were designed to include
all known breakpoints in BCL2 and
IgH sequences and thus allow us to

detect the different variants of the
BCL2-IgH fusion gene. MBR, major
breakpoint region ; mcr, minor cluster
region ; ICR, intermediate cluster
region.
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OVERVIEW
Haematology represents one of the most “ hot topics ” areas
in cancer of the last 5 years, due to society’s growing interest
in the immunology that drives one of the biggest discoveries
of the 21st century, immunotherapy. In addition, haematology
has been gaining traction because of the interest in applying
peripheral blood analysis to determine the diagnosis and
prognosis of multiple cancers and diseases, and in emerging
promising cutting-edge technology such as liquid biopsy, a
method currently used to measure minimal residual disease
( MRD ).

“ Our results showed that it was
feasible to genetically modify
Natural Killer ( NK ) cells from
patients and to safely express CARNKG2D, as well as the efficacy of
these cells against multiple
myeloma.”

The Haematological Malignancies Clinical Research Unit
focuses on 2 research areas : 1 ) novel immunotherapies against
cancer and, more specifically, NK-CAR technology ; and 2 )
the development and improvement of liquid biopsy protocols
through next-generation-sequencing.
Moreover, our group investigates the molecular mechanisms
of haematological malignancies and then uses the identified
molecules and markers ( e.g., PIEZO1, HNRNPK ) to develop
mouse models of the disease that could be exploited
therapeutically.

RESEARCH HIGHLIGHTS
NKG2D-CAR-transduced natural killer cells efficiently
target multiple myeloma
CAR-T-cell therapy is the most common genetically modified
cell-based immunotherapy. However, CAR-T therapy usually
has high toxicity. In contrast, CAR-NK cells may exert less
toxicity. To explore this, we analysed the antitumour activity
of activated and expanded NK cells ( NKAE ) and CD45RA- T
cells from multiple myeloma ( MM ) patients that were
engineered to express an NKG2D-based CAR. Although
memory T cells were more stably transduced, CAR-NKAE
cells exhibited greater in vitro cytotoxicity against MM cells,
while showing minimal activity against healthy cells. In vivo,
CAR-NKAE cells mediated highly efficient abrogation of MM
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growth, with 25% of the treated mice remaining disease free.
Overall, these results demonstrate that it is feasible to modify
autologous NKAE cells from MM patients. They also show
that it is possible to genetically modify NK cells from patients
and to safely express CAR-NKG2D, as well as the efficacy of
these cells against multiple myeloma.
Making clinical decisions based on measurable residual
disease ( MRD ) improves the outcome in multiple
myeloma
The use of MRD results to make clinical decisions in MM has
been underexplored to date. In our study of 400 MM patients,
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achievement of MRD negativity at any point was associated
with improved progression-free survival ( PFS ). In addition,
patients in whom a treatment change was made showed
prolonged PFS, in comparison with patients in which MRD
results were not acted upon. In patients with positive MRD
during maintenance, a clinical decision ( either intensification
or change of therapy ) resulted in better PFS compared to
patients in whom no adjustment was made. Therefore, we
find that MRD is useful in guiding clinical decisions during
initial therapy and has a positive impact on PFS in MM patients.

pathogenesis of the disease remain unclear. Our results showed
increased mitochondria ( DNA content, gene and protein
expression, and activity ) during the progression of MM.
Mechanistically, OXPHOS metabolism was raised by regulation
of increased MYC. We tested the efficacy of the mitochondrial
inhibitor, tigecycline, to overcome MM proliferation. In vitro
and in vivo therapeutic targeting using the mitochondrial
inhibitor tigecycline showed promising efficacy and cytotoxicity
in monotherapy and in combination with the MM frontline
treatment bortezomib. Thus, we identified new vulnerability
in multiple myeloma and provided a novel alternative for MYC
inhibition by targeting mitochondrial activity, as an indirect
mechanism to avoid MM proliferation. s

Implications of increased mitochondrial content in
multiple myeloma
Many studies over the last 20 years have investigated the role
of mitochondrial alterations in carcinogenesis. However, the
status of the mitochondria in MM and its implication in the

∞

∞

FIGURE 1 NKG2D-CAR-transduced NKAE cells
exhibit potent efficacy in vivo. ( A ) Imaging of
tumour burden monitored by bioluminescence
at the indicated time points in MM mice, NKAEcell-treated mice, and CAR-NKAE-cell-treated
mice ( at day 73 mice 2 and 3 from the NKAE
group were accidentally interchanged ). ( B )
Quantification of the bioluminescence signal in
MM mice, NKAE-cell-treated mice, CAR-NKAEcell-treated-mice, CD45RA− T-cell-treated mice,
and CD45RA-CAR-T-cell-treated mice at the
indicated time points. ( C ) Kaplan-Meier survival
curves.
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FIGURE 2 Kaplan-Meier curves showing the
impact of making clinical decisions based on
MRD. ( A ) PFS from the first MRD data point,
comparing patients who underwent a change in
therapy based on MRD with those for whom no
change in therapy was made. ( B ) MRD-negative
patients : treatment discontinuation ( maintenance
or transplant ) vs. no change in therapy. ( C ) MRDpositive patients : beginning a new therapy or
intensifying therapy vs. no change in therapy.
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OVERVIEW
Lung cancer continues to be the most frequent cause of cancerrelated deaths worldwide. Our Unit focuses on the study of
lung cancer, from fundamental research proposals to other
more clinically oriented, always aiming to solve the problems
of lung cancer patients. We are particularly interested in 2
research areas : the identification of new molecular biomarkers
for diagnostic, prognostic, and predictive purposes ; and the
development of novel treatment strategies, including targeted
therapies and immunotherapeutics. For example, we have
contributed to elucidating the molecular determinants of
EGFR or FGFR oncogenicity and have discovered biomarkers
that may guide the efficacy of inhibitors of those receptors in
lung cancer. We have continued to develop an extensive
platform of patient-derived xenografts ( PDXs ) and organoids
( PDOs ) of non-small-cell and small cell lung cancers to test
new therapeutic strategies. Finally, our Unit has extensive
experience in taking new drugs to the clinic, as well as in
conducting practice-changing phase II/III trials in the fields
of personalised cancer care and immuno-oncology.

“ Our Unit significantly contributed
to the development of novel
biomarkers that have impacted
the currently available selection
of targeted therapies ( e.g., EGFR
mutation in the clinic ) and novel
immunotherapeutics ( e.g., tumour
mutational burden ). We have led
randomised clinical trials with
novel immunotherapies and other
agents as monotherapies or in
combination ( e.g., chemotherapy
plus durvalumab in SCLC or
chemotherapy plus nivolumab and
ipilimumab in NSCLC ) in lung cancer
that have impacted clinical practice
worldwide.”

RESEARCH HIGHLIGHTS
Biomarker discovery and implementation
We own an extensive patient-derived xenograft ( PDX ) platform
of 50 non-small cell lung cancer ( NSCLC ) models that are
comprehensively characterised at the histological, genomic,
transcriptomic and proteomic levels, and that have contributed
to the discovery of relevant findings. For example, using an
EGFR+ NSCLC PDX-bearing huPBMC-driven humanized NSG
mouse model, we have demonstrated the nontoxic broad
antitumour activity of a humanized EGFR-targeted
4-1BB-agonistic trimerbody ( 4-1BBN/CEGFR ) against EGFR+
tumours ( Compte M et al., Clin Cancer Res 2021 ). Our platform
has been expanding in number and histology types ( including
small cell lung cancer [ SCLC ] and mesothelioma ), as well as
cell source ( tumours but also SCLC circulating tumour cells ),
and it includes PDXs and patient-derived organoids. We have
also successfully developed a number of huPDx models.
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We have evaluated the tumour mutational burden ( TMB )
and PD-L1 expression obtained with 2 marketed nextgeneration sequencing panels, TruSight Oncology 500
( TSO500 ) and Oncomine Tumor Mutation Load ( OTML )
versus a reference assay ( Foundation One, FO ) in 96 NSCLC
samples. Additionally, we have performed an inter-laboratory
reproducibility study and determined adjusted cut-off values.
We found that both panels exhibited robust analytical
performances for TMB assessment, with stronger concordances
in patients with negative PD-L1 expression. TSO500 showed
higher inter-laboratory reproducibility. The cut-offs for each
assay were lowered to optimal overlap with FO ( Ramos-Paradas
J,…., Paz-Ares L, J Immunother Cancer 2021 ).
We have defined novel subgroups of large cell carcinoma
( LCC ) based on genomic and immune characterisation of 18
early-stage LCC cases and identified a set of biomarkers that
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FIGURE 1 Quantification of the degree
of agreement between tumour
mutational burden ( TMB ) determination
methods. ( A–D ) Comparison between
TSO500 and OTML. ( E–H ) Comparison
between FO and TSO500. ( I–L )
Comparison between FO and OTML.
( A, E, I ) Linear regression analyses
between methods. ( B, F, J ) Agreement
measurement represented by the
difference between the methods against
the average of both methods ( BlandAltman plots ). ( C, G, K ) Agreement
measurement represented by the
difference between the methods
divided by the average %, versus the
mean of both methods. Transformation
of Bland-Altman plots with a correction
that allows for easier visualisation. ( D,
H, L ). Degree of agreement shown by
the average difference, SD, 95% limits
of agreement, concordance correlation
coefficient and 95% CI.

Changing standard-of-care treatments in clinical
practice
The Lung Cancer Clinical Research Unit has led phase III
trials whose results have significantly impacted clinical practice
in the context of stage IV lung cancer, such as the combination
of durvalumab plus etoposide with either cisplatin or
carboplatin in extensive small cell lung cancer ( ES-SCLC )
patients ( Goldman JW, …, Paz-Ares L, Lancet Oncol 2021 ).
The updated results of the CASPIAN trial reported that firstline durvalumab plus platinum-etoposide showed sustained

∞

∞

∞

FIGURE 2 Updated efficacy outcome
of the CASPIAN randomised clinical
trial, showing a sustained overall
survival ( OS ) benefit observed at the
interim analysis for durvalumab plus
platinum-etoposide compared with
platinum-etoposide ( HR, 0.75 [ 95% CI
0·62–0·91 ]; nominal p=0·0032 ) in
treatment-naive patients with
extensive-stage small-cell lung cancer
( ES-SCLC ).
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could potentially predict response to immunotherapy ( RamosParadas J,…., Paz-Ares L, under review in JCM ). In addition,
we have comprehensively characterised the immune and
genomic landscape of a cohort composed of 120 resected
tumour samples from limited-stage SCLC patients. These
studies have led to the categorisation of specific subgroups of
SCLC, which will allow us to understand individual immune
escape mechanisms and to propose optimal individualised
treatment strategies ( manuscript in preparation ).
Early clinical trials
Our Group has significantly expanded its activities regarding
the testing of new molecules and combinations in solid
tumours, particularly in the field of immune-based approaches
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and targeted therapies ; in 2021, we participated in more
than 129 projects in this research area, including 42 new
trials. We reported data from the novel combinations
ramucirumab plus pembrolizumab ( Herbst RS, …, Paz-Ares
L, J Thorac Oncol, 2021 ) and ramucirumab plus osimertinib
( Yu HA, Paz-Ares LG et al., Clin Cancer Res 2021 ). These
phase I clinical trials demonstrated that both combinations
have encouraging safety and antitumour activity in advanced,
treatment-naive NSCLC or T790M-positive EGFR-mutant
NSCLC, respectively. We also reported patient outcomes
from a global phase II basket study of entrectinib for ROS1
fusion-positive NSCL and NTRK fusion-positive solid
tumours. Findings were consistent with the favourable safety
profile of entrectinib and further reinforce the positive benefitrisk profile of this treatment, indicating minimal overall
treatment burden.
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overall survival improvement versus platinum-etoposide, but
the addition of tremelimumab to durvalumab plus platinumetoposide did not significantly improve outcomes versus
platinum-etoposide. In addition, we investigated whether
adding a limited course ( 2 cycles ) of chemotherapy to firstline nivolumab plus ipilimumab enhances the clinical benefit
in patients with advanced NSCLC ( Paz-Ares L et al., Lancet
Oncol 2021 ). We showed that this combination significantly
improved overall survival compared to chemotherapy alone
and had a favourable risk-benefit profile. s
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