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Summary
In the past two decades, the treatment of metastatic non-small cell lung cancer (NSCLC), has undergone significant
changes due to the introduction of targeted therapies and immunotherapy. These advancements have led to the need
for predictive molecular tests to identify patients eligible for targeted therapy. This review provides an overview of the
development and current application of targeted therapies and predictive biomarker testing in European patients with
advanced stage NSCLC. Using data from eleven European countries, we conclude that recommendations for pre-
dictive testing are incorporated in national guidelines across Europe, although there are differences in their
comprehensiveness. Moreover, the availability of recently EMA-approved targeted therapies varies between European
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countries. Unfortunately, routine assessment of national/regional molecular testing rates is limited. As a result, it
remains uncertain which proportion of patients with metastatic NSCLC in Europe receive adequate predictive
biomarker testing. Lastly, Molecular Tumor Boards (MTBs) for discussion of molecular test results are widely
implemented, but national guidelines for their composition and functioning are lacking. The establishment of MTB
guidelines can provide a framework for interpreting rare or complex mutations, facilitating appropriate treatment
decision-making, and ensuring quality control.

Copyright © 2024 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/).

Keywords: Predictive biomarker testing; Targeted therapy; Non-small cell lung cancer; Europe
Introduction
Lung cancer remains the leading cause of cancer-related
mortality in Europe, resulting in a considerable number
of deaths.1 Projections for 2023 indicate that lung cancer
will account for a combined total of 275,956 fatalities in
the European Union and the United Kingdom.2 Within
the realm of lung cancer treatment, significant ad-
vancements have occurred over the past two decades,
particularly in the management of non-small cell lung
cancer (NSCLC), comprising approximately 85% of all
lung cancer cases. These developments encompass
various modalities such as minimally invasive surgery
techniques and stereotactic body radiotherapy for local-
ized disease, as well as targeted therapies and immu-
notherapy as systemic therapeutic options.3 As roughly
55–70% of NSCLC patients are diagnosed with meta-
static disease at time of presentation, targeted therapies
such as EGFR and ALK tyrosine kinase inhibitors are
thought to have contributed significantly to the observed
increase in overall survival rates between 2010 and
2016.4 Due to the expanding repertoire of European
Medicines Agency (EMA) approved targeted therapies
for advanced-stage NSCLC, it has become imperative to
perform molecular testing to identify actionable molec-
ular aberrations and determine the appropriate patient
population for targeted treatment (Fig. 1).

The current Clinical Practice Guidelines of the Eu-
ropean Society for Medical Oncology (ESMO) for
oncogene-addicted advanced-stage NSCLC (2023)
recommend molecular testing for nine predictive bio-
markers.5 However, previous studies have described
suboptimal NSCLC testing rates for targetable molecu-
lar aberrations in various European countries, suggest-
ing that routine predictive biomarker testing is not
keeping pace with the approval of targeted therapies.6–9

Notwithstanding the presence of European guidelines,
discrepancies have also been observed between national
guidelines for molecular testing in NSCLC and the
European consensus, potentially contributing to varia-
tion in testing and treatment practices across individual
European countries.6,8 Moreover, recent studies have
described delayed uptake of next-generation sequencing
(NGS) for oncology patients across Europe.9,10 Addi-
tionally, discrepancies were reported in the availability
and reimbursement of precision medicines between
European countries.9 The latter two studies9,10 provided a
broad overview of the European application of NGS and/
or precision medicines for all (solid tumor) oncology
patients, while the previously mentioned studies on
NSCLC6–8 predominantly focused on biomarker testing
rather than targeted therapy availability and by now, are
from several years ago. The aim of this review is to
provide an overview of the timeline, developments, and
current application of targeted therapies and predictive
biomarker testing in patients with advanced stage
NSCLC in Europe in 2023.

The first part of this review highlights the major,
recent developments in targeted therapy treatment in
advanced-stage NSCLC in Europe (Section EMA-
approved targeted therapies) and the changes in Euro-
pean guidelines for predictive biomarker testing (Sec-
tion European guidelines for predictive biomarker
testing). The second part provides an overview of na-
tional targeted therapy availability (Section Availability
of targeted therapies), national guidelines for predic-
tive biomarker testing (Section National guidelines for
predictive biomarker testing), and molecular testing
rates (Section Predictive biomarker testing rates), in a
selection of European countries including Austria,
Belgium, the Czech Republic, England, France, Ger-
many, the Netherlands, Portugal, Slovenia, Spain, and
Sweden. To accomplish this, one (molecular) patholo-
gist or clinical scientist in molecular pathology and one
(pulmonary) oncologist of these countries, with exten-
sive expertise with regard to targeted treatment and
molecular testing in patients with NSCLC, sought to
obtain up-to-date information on their national guide-
lines, availabilities of targeted therapies, and molecular
testing rates in patients with advanced stage non-
squamous NSCLC, using a detailed questionnaire (see
Supplementary File 1). Participants also provided in-
formation regarding molecular test types and molecular
test result interpretation specific to their affiliated in-
stitutes (Sections Interpretation of molecular test results
and Barriers for off-label use, compassionate use pro-
grams and trial participation). Collection of information
from all countries was completed between March and
September of 2023. The objective of this approach is to
identify potential differences in predictive biomarker
testing rates and targeted therapy availability for patients
www.thelancet.com Vol 38 March, 2024
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Key messages

• The use of targeted therapies contributes to optimal treatment of patients with advanced stage non-small cell lung cancer
(NSCLC);

• The number of European Medicine Agency (EMA)-approved targeted therapies for patients with advanced stage NSCLC is
increasing rapidly;

• Predictive biomarker testing is required for the identification of the appropriate molecular aberrations that are actionable with
specific targeted therapies;

• The availability of European Medicine Agency-approved targeted therapies for patients with advanced stage NSCLC varies across
European countries;

• National guidelines of European countries contain recommendations for predictive biomarker testing in patients with NSCLC
but only partially align with current ESMO guidelines;

• Evidence for high predictive biomarker testing rates in patients with NSCLC in Europe is limited due to the lack of (publicly)
available data of national testing rates;

• National guidelines for the functioning of Molecular Tumor Boards are lacking in most European countries and should be
established to provide a framework for multidisciplinary interpretation of rare or complex mutations in patients with NSCLC.

Series
with advanced stage NSCLC among European countries
that are linked by international collaboration and com-
mon legislation. In the corresponding viewpoint paper
in this Clinical Series, a future perspective of the
application of molecular testing in advanced stage
NSCLC is described.11
EMA-approved targeted therapies
Between 2005 and 2018, the EMA granted approval for
eight targeted therapies in advanced stage NSCLC for
specific molecular aberrations in four genes: EGFR,
Fig. 1: Timeline of EMA-approved targeted therapies and the ESMO-reco
targeted drugs for patients with advanced stage NSCLC (as of July 2023)

www.thelancet.com Vol 38 March, 2024
ALK, ROS1, and BRAF (Fig. 1). These therapies
included erlotinib, gefitinib, afatinib, and osimertinib
for EGFR mutations, crizotinib, ceritinib, and alectinib
for ALK fusions, crizotinib for ROS1 fusions, and the
combination treatment of dabrafenib and trametinib in
BRAF-mutated advanced stage NSCLC.

Over the past five years (2018–2023), the EMA has
authorized the use of targeted therapies for four other
molecular biomarkers in advanced-stage NSCLC. These
include NTRK fusions targeted by larotrectinib and
entrectinib, RET fusions targeted by selpercatinib and
pralsetinib, KRAS G12C mutations targeted by
mmendations for predictive biomarker testing associated with these
.
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sotorasib, andMET exon 14 skipping mutations targeted
by tepotinib and capmatinib. Furthermore, entrectinib
was also approved for the treatment of ROS1 fusion-
positive NSCLC, brigatinib and lorlatinib were
approved as ALK inhibitors, and the group of EGFR-
targeting drugs was enriched with the approval of ami-
vantamab for EGFR exon 20 insertion mutations. Lastly,
the treatment indication of osimertinib was recently
extended to include non-metastatic NSCLC patients (see
also early-stage NSCLC review).12

The following paragraphs provide an overview of the
key characteristics and recent developments associated
with each targeted therapy, subdivided by their respec-
tive biomarker. For a comprehensive overview of all
EMA-approved indications for targeted therapy use in
patients with NSCLC, including references, see
Supplementary File 2.

EGFR-targeted treatment
Activating mutations in EGFR have a prevalence of
approximately 12–15% among European patients with
NSCLC, although they are more common in Asian pop-
ulations.13 These mutations are generally divided into
three groups: (1) common EGFR mutations (exon 19 de-
letions and L858Rmutations), (2) EGFR exon 20 insertion
mutations, and (3) uncommon/rare EGFR mutations.14

First- (erlotinib, gefitinib) and second-generation (afati-
nib) EGFR tyrosine kinase inhibitors (TKI) have been
available for over a decade and were primarily developed
for the treatment of common EGFR mutations. Osi-
mertinib, a third-generation EGFR-TKI, was initially
approved as second-line treatment for patients with the
acquired T790M resistance mutation. However, in 2018,
the EMA expanded the approval of osimertinib to include
first-line treatment of EGFR mutation-positive NSCLC.
This decision was based on the FLAURA study, which
demonstrated improved progression-free survival, overall
survival, and treatment of brain metastasis compared to
first-generation EGFR-TKIs.15

Patients with EGFR exon 20 insertion mutations
have generally shown poor response to treatment with
first-, second-, and third-generation EGFR-TKIs.14,16

Newly developed EGFR-targeting therapies, including
amivantamab and mobocertinib, have shown promising
treatment results in patients with EGFR exon 20 inser-
tion mutations.17–21 In 2021, amivantamab, a bispecific
anti-EGFR and anti-MET antibody, was approved by the
EMA as a second-line treatment option for advanced-
stage NSCLC patients with EGFR exon 20 insertion
mutations, based on the results of the phase I
CHRYSALIS trial.19

The group of uncommon/rare EGFR mutations en-
compasses all remaining EGFR mutations and the
actionability of these mutations may vary. In Dutch
patients with advanced stage NSCLC, 18.7% of all EGFR
mutations detected by multi-gene assays were uncom-
mon/rare EGFR mutations, forming a significant
subgroup of EGFR-mutated NSCLC.14 Better clinical
outcomes have typically been reported with afatinib
compared to osimertinib, in particular in uncommon
EGFRmutations with relatively high prevalence, such as
G719X.16,22 While there is limited clinical data
comparing the treatment outcome of TKI in rare EGFR
mutations, pre-clinical studies have demonstrated
significant differences in the efficacy of different EGFR-
TKIs, using codon-based and/or structure-based
classifications to explain and predict efficacy.23

In 2021, the phase III ADAURA trial results led to
the approval of osimertinib as an adjuvant therapy
following complete tumor resection (with or without
adjuvant chemotherapy) in patients with stage IB–IIIA
NSCLC harboring either an EGFR exon 19 deletion or
L858R mutation.24 This marks the first-approved tar-
geted therapy for use in adjuvant setting in NSCLC,
opening up possibilities for potential benefits of other
targeted therapies in an adjuvant treatment setting.12,25

ALK-targeted treatment
Fusions involving anaplastic lymphoma kinase (ALK) are
found in approximately 2–5% of patients with NSCLC.13

The introduction of crizotinib, a first-generation ALK
inhibitor, revolutionized the treatment landscape for
ALK fusion-positive NSCLC patients. However, in the
past five years, there have been significant advancements
with the approval of second-generation (alectinib, cer-
itinib and brigatinib) and third-generation (lorlatinib)
ALK inhibitors by the EMA for their use in patients with
ALK fusion-positive metastatic NSCLC. These newly
approved ALK inhibitors not only provide additional
options for first-line ALK-targeted treatment options, but
they also demonstrate improved clinical efficacy in the
central-nervous system (CNS) and in cases where certain
ALK mutations may arise as resistance mechanisms to
ALK inhibitors.26 The development of resistance muta-
tions is a common challenge in targeted therapies, and
the emergence of these mutations can limit the effec-
tiveness of initial treatment. However, brigatinib and
lorlatinib have shown promising effects in overcoming
resistance and maintaining therapeutic response in pa-
tients with specific ALK mutations.26

The development of new ALK inhibitors and their
sequential use in routine clinical practice has prolonged
the lives of patients with ALK fusion-positive NSCLC up
to five to seven years.27 The continuous development
and approval of next-generation ALK inhibitors high-
light the importance of ongoing research and innovation
in the field of targeted therapies for NSCLC.28

ROS1-targeted treatment
A phase I trial of crizotinib demonstrated a significant
overall response rate (ORR) of 72% (36 out of 50 pa-
tients) in individuals with ROS1-rearranged NSCLC.29

Subsequently, in 2016, the EMA extended the treat-
ment indication of crizotinib to include patients with
www.thelancet.com Vol 38 March, 2024
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advanced stage ROS1 fusion-positive NSCLC. An inte-
grated analysis of three ongoing separate trials with
entrectinib, a combined pan-TRK, ROS1 and ALK-
inhibitor, demonstrated an ORR of 77% (41 out of 53
patients) with entrectinib.30 Notably, the response rates
to entrectinib were similar between patients with and
without CNS metastases at baseline, whereas the effi-
cacy of crizotinib may be compromised in these patients
due to its limited ability to cross the blood-brain barrier
and reduced intracerebral drug activity.31 In 2020,
entrectinib received simultaneous approval as a treat-
ment option for patients with advanced stage ROS1
fusion-positive NSCLC, and as pan-tumor therapy in
NTRK fusion-positive tumors (see Section NTRK-
targeted treatment. NTRK fusions). However, it is
important to note that entrectinib is indicated for pa-
tients not previously treated with ROS1 inhibitors as its
effectiveness may be limited to treatment-naïve patients.

BRAF-targeted treatment
Mutations in V-raf murine sarcoma viral oncogene ho-
molog B1 (BRAF) occur in approximately 2–4% of pa-
tients with NSCLC.13,32,33 Among these mutations,
missense mutations at codon 600 of BRAF (known as
V600 mutations) account for around 40% of all BRAF
mutations in NSCLC. These BRAF V600 mutations are
classified as class I BRAF mutations, as they lead to
increased BRAF kinase activity that is not dependent on
BRAF dimerization or activation of RAS.32 In 2017, the
EMA approved the use of dabrafenib in combination
with trametinib for the treatment of advanced NSCLC
patients with V600 mutations in BRAF.33 However, it is
important to note that there is currently no EMA
approval for the use of combined BRAF and MEK in-
hibition in NSCLC with class II (RAS-independent
dimerization) or class III (RAS-dependent dimerization
with CRAF) BRAF driver mutations. These different
classes of BRAF mutations have distinct molecular
characteristics and response profiles to targeted thera-
pies. A recent meta-analysis described that MAPK-
targeted therapies, including BRAF and MEK
inhibitors, have demonstrated clinical activity in some
tumors with non-V600 BRAF mutations, in particular
those with class II mutations.34 However, clinical trials
regarding the efficacy of MAPK-targeted therapies in
patients with NSCLC with class II or class III BRAF
mutations are currently lacking. This is primarily due to
the heterogeneity of mutations within each class.
Certain non-V600 BRAF mutations may still be target-
able in NSCLC using existing BRAF and/or MEK in-
hibitors, although further research is needed to
determine their effectiveness.

NTRK-targeted treatment
Fusions involving the neurotrophic tropomyosin recep-
tor kinase genes (NTRK1, NTRK2, and NTRK3) are
known oncogenic drivers in various types of
www.thelancet.com Vol 38 March, 2024
malignancies, including NSCLC, and have a combined
prevalence of <1% in NSCLC.13,35 In 2019, the EMA
approved larotrectinib, a selective pan-TRK (TRKA,
TKRB, TRKC) inhibitor, followed in 2020 by the
approval of entrectinib, a combined pan-TRK, ROS1 and
ALK inhibitor, based on two studies with combined re-
sults of multiple phase I/II trials of these therapies in
solid tumors.36,37 A clinical study later showed the effi-
cacy of larotrectinib in previously treated patients with
lung cancer harboring an NTRK1/2/3 fusion. This study
demonstrated an ORR of 73% and a median
progression-free survival (PFS) of 33.9 months among
evaluable patients (11 out of 15 patients).38 Entrectinib
showed a comparable ORR of 70% in patients with
NTRK1/2/3 fusion-positive NSCLC (7 out of 10 pa-
tients).39 These findings suggest that targeted therapy
directed at NTRK1/2/3 fusion-positive NSCLC can pro-
vide significant and durable clinical benefits in meta-
static NSCLC, despite representing a small subset of
patients.

RET-targeted treatment
Rearranged during transfection (RET) fusions have a
prevalence of 1–3% in patients with NSCLC.13 In 2021,
two selective RET kinase-inhibitors, selpercatinib and
pralsetinib, were approved by the EMA for treatment of
patients with advanced stage RET fusion-positive
NSCLC, including application as first-line therapy. The
phase I/II LIBRETTO-001 trial evaluating the efficacy of
selpercatinib in previously treated patients with RET
fusions showed promising results, demonstrating an
ORR of 64% (67 out of 105 patients) and a median PFS
of 17.5 months.40 In previously untreated patients, sel-
percatinib as first-line systemic therapy resulted in an
ORR of 85% (33 out of 39 patients).40 Similarly, pralse-
tinib has demonstrated favorable response rates in pa-
tients with RET fusion-positive NSCLC. In patients
previously treated with platinum-based chemotherapy,
pralsetinib treatment resulted in an ORR of 61% (53 out
of 87 patients), while treatment naïve patients showed
an ORR of 70% (19 out of 27 patients).41 These results
suggest that selpercatinib and pralsetinib are an effec-
tive therapeutic option for both previously treated and
treatment-naïve NSCLC patients with RET fusions.
Ongoing clinical trials will further refine the under-
standing of RET fusions and optimize the use of RET
kinase inhibitors compared to currently standard first-
line chemo-immunotherapy in the management of
NSCLC.

KRASG12C-targeted treatment
Somatic mutations in rat sarcoma virus (RAS) genes,
including KRAS, NRAS, and HRAS, are the most
commonly observed oncogenic aberrations in human
cancers, occurring in approximately 25% of all cancers.42

Among the RAS genes, driver mutations in the Kirsten
rat sarcoma virus (KRAS) gene account for about 85% of
5
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all RAS-driven malignancies. In NSCLC, the prevalence
of KRAS mutations ranges from 26 to 41%.42–45 Directly
targeting mutated KRAS has posed a significant chal-
lenge due to the high affinity of KRAS for GDP/GTP
and the absence of identified allosteric regulatory bind-
ing sites.46 However, in 2013, the discovery of the
switch-II pocket in KRASG12C provided a breakthrough
for the development of clinically effective KRASG12C

inhibitors.47,48 Sotorasib has shown promising results in
pretreated NSCLC patients with an ORR of 37% (46 out
of 124 patients) and disease control rate (DCR) of 81%
(100 out of 124 patients).49 Moreover, in the phase III
CodeBreaK 200 trial, sotorasib improved PFS compared
to docetaxel treatment (5.6 months versus 4.5 months)
with more favorable safety profile, in patients pretreated
with chemo-immunotherapy.50 As KRAS G12C muta-
tions account for more than a third of all KRAS muta-
tions in patients with NSCLC (overall prevalence of
12–17%), KRASG12C inhibitors such as sotorasib hold
the potential to improve clinical outcome in a significant
group of patients with advanced stage NSCLC.13,44,45 In
2021, the EMA approved the use of sotorasib for patients
with advanced stage KRASG12C-mutated NSCLC, who
have received at least one prior line of systemic therapy.
The development of KRASG12C inhibitors represents a
significant advancement in the field of targeted thera-
pies for NSCLC and offers new hope for improving
treatment outcomes in patients with KRASG12C-mutated
tumors. Ongoing research and clinical trials will further
explore the potential of KRAS-targeted therapies and
their combination with other treatment modalities in
the management of NSCLC.

MET-targeted treatment
Intron 13 and splice-site mutations of mesenchymal-
epithelial transition (MET) gene result in loss of tran-
scription of exon 14 lead to increased activation of MET
signaling, due to the loss of the Y1003 binding site of
CBL on the juxtamembrane domain of MET.51 These
MET exon 14 skipping mutations occur in 1–3% of
patients with NSCLC.52 Unlike crizotinib, a type 1a MET
inhibitor, capmatinib and tepotinib are selective MET
kinase domain inhibitors (type 1b MET inhibitor).53 In
the phase II GEOMETRY mono-1 study, capmatinib has
demonstrated response rates of 41% in pretreated pa-
tients (28 out of 69 patients) and 68% in treatment-naïve
patients (19 out of 28 patients) with NSCLC harboring a
MET exon 14 skipping mutation.54 With simultaneously
published results, in the phase II VISION study, tepo-
tinib demonstrated an ORR of 46% in patients with
advanced stage NSCLC (46 out of 99 patients), with
similar response rates observed in both pretreated and
treatment-naïve patients.55

Both capmatinib and tepotinib were approved by the
EMA in 2021 for the treatment of advanced stage
NSCLC patients harboring MET exon 14 skipping mu-
tations who require systemic therapy after treatment
with immunotherapy and/or platinum-based chemo-
therapy. Though capmatinib and tepotinib have
demonstrated comparable response rates, the clinical
trial evaluating capmatinib reported a higher occurrence
of grade III or IV adverse events compared to the
tepotinib trial.54,55 The safety and tolerability profiles of
these drugs should be considered when making treat-
ment decisions for patients with MET exon 14 skipping-
mutated NSCLC.

European guidelines for predictive biomarker
testing
The ESMO Clinical Practice Guidelines for patients with
metastatic NSCLC, as of 2018, recommended molecular
testing for detection of EGFR mutations in exons 18–21,
BRAF V600 mutations, ALK fusions, and ROS1 fusions
(Table 1).56 In the 2020 guideline update, NTRK fusions
were added to the previously recommended biomarkers.
In the current ESMO guidelines (2023), this list of rec-
ommended predictive biomarkers has been expanded by
the addition of MET exon 14 skipping mutations, MET
amplifications, KRASG12C mutations, RET fusions, and
HER2/ERBB2 mutations.5 Generally it takes one to two
years for the ESMO guidelines to include recommen-
dations for molecular biomarker testing after EMA-
approval of corresponding targeted therapies (Fig. 1).
However, the inclusion of ERBB2 exon 20 insertions as
a recommended biomarker in the current ESMO
guidelines is an exception. Although ERBB2-targeted
therapies such as trastuzumab-deruxtecan and pyroti-
nib have been approved by the FDA, these targeted
therapies have not yet received approval from the EMA.5

Nevertheless, in many European countries patients can
still be treated with ERBB2-targeted treatment in clinical
trials (see also Section Availability of targeted therapies).

Future guidelines are likely to incorporate additional
biomarkers that have predictive and/or prognostic value
for targeted therapies (e.g., TP53 mutations) and/or for
non-targeted therapies (e.g., tumor-mutation burden,
STK11 mutations, KEAP1 mutations). The ongoing
development of novel targeted therapies as well as
availability of tumor-agnostic therapies already approved
in other cancers, and the necessary expansion of bio-
markers associated with these novel therapies will
continue to shape the landscape of predictive biomarker
testing in advanced-stage NSCLC. For more detailed
information and a future perspective of predictive
biomarker testing in advanced-stage NSCLC, the corre-
sponding viewpoint in this Clinical Series should be
read.11

Availability of targeted therapies
Using a questionnaire sent to all participants (see
Supplemental File 1), we collected present-day infor-
mation on the availability of targeted therapies in eleven
European countries (summarized in Fig. 2; Table 1).
www.thelancet.com Vol 38 March, 2024
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Table 1: Availability of targeted therapies (EMA- and/or FDA-approved) for advanced stage NSCLC in a selection of European countries.

Series
Any targeted therapy with a treatment indication
approval for patients with advanced stage NSCLC by
either the EMA and/or the FDA, were included in the
questionnaire to form a comprehensive overview of
available targeted treatments. Overall, not all EMA-
approved therapies are available in every participating
European country. First-, second-, and third-generation
EGFR TKIs, first-, second- and third-generation ALK
inhibitors, and ROS1 inhibitors are available as
standard-of-care treatment in all European countries
participating in this study (Fig. 2; Table 1). Amivanta-
mab is only available as standard-of-care treatment in
www.thelancet.com Vol 38 March, 2024
four out of eleven countries. Targeted therapy as
standard-of-care treatment is not available in all coun-
tries for patients with advanced stage NSCLC with an
NTRK fusion (available as standard-of-care in seven out
of eleven countries), RET fusion (8/11 countries), BRAF
V600 mutation (9/11 countries), MET exon 14 skipping
mutation (6/11 countries), or KRAS G12C mutation (5/
11 countries). It should be noted that in some countries
the only available MET-targeted treatment is crizotinib,
which is FDA-approved but not EMA-approved for its
application in patients with advanced stage NSCLC
harboring an MET exon 14 skipping mutation.
7
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Fig. 2: Availability of targeted therapies for patients with metastatic NSCLC across eleven European countries. For each country, the displayed
information was provided by a detailed questionnaire (Supplementary File 1) that was completed by a (molecular) pathologist, clinical scientist
in molecular pathology and/or (pulmonary) oncologist with expertise in the field of NSCLC. *Presented availability concerns crizotinib (FDA-
approved), due to its better availability compared to tepotinib and capmatinib (EMA-approved) (see also Table 2).

Series

8

National guidelines for predictive biomarker
testing
The representatives of all eleven participating European
countries reported current national guidelines with
recommendations regarding predictive biomarkers
testing in patients with (advanced stage) NSCLC.
Table 2 summarizes the specific details on the recom-
mendations of each participating country regarding
biomarker testing as reported in the national guidelines
of these countries. The interpretation of what consti-
tutes valid, applicable national guidelines is not always
clear-cut. For example, England does not have tumor-
specific, detailed guidelines on molecular testing
requirements, and Portugal has limited national
guidelines supplemented by national expert consensus
recommendations.57–59 National guidelines largely align
with the biomarkers listed in the ESMO guidelines
including EGFR, ALK, and ROS1, which were among
the first biomarkers for which targeted therapies were
available. Testing for these biomarkers is recom-
mended in all participating countries.57–68 For the other
biomarkers, however, the representation of testing
recommendations in national guidelines varies, and the
introduction of these biomarkers into the guidelines
has occurred over a broader range of time compared to
EGFR, ALK, and ROS1. As other biomarkers each
belong to more recently EMA-approved targeted thera-
pies (see Fig. 1), a plausible explanation is that these
differences are caused by delays in the updating of
national guidelines.

Some countries have included NRG1 testing as
either mandatory (the Netherlands) or as recommen-
dation (Austria, France) in their national guidelines.
This inclusion is due to the relatively poor prognosis
of patients with NRG1 fusion-positive NSCLC, the
lack of response to treatment with either chemo-
therapy or immunotherapy, and the potential inclu-
sion of these patients in ongoing clinical trials
(NCT02912949).69

Predictive biomarker testing rates
Real-world data of predictive biomarker testing rates in
patients with NSCLC is limited, and the available in-
formation is often outdated or grouped with older data
(Table 3).7,44,70,72,76 However, recent studies from En-
gland, Spain, the Netherlands, and Norway have
demonstrated high testing rates for EGFR and
ALK.71,74,75,77 It should be noted that testing rates of
www.thelancet.com Vol 38 March, 2024
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Table 2: Biomarker recommendations and year of introduction in national guidelines of European countries for molecular testing of patients with metastatic NSCLC.

Series
predictive biomarkers introduced after EGFR and ALK
tend to be lower, but should be interpreted with caution,
due to the often limited reporting of these biomarkers
and potential variations in testing methodologies over
time. Observational studies have also highlighted sub-
stantial variation in molecular testing practices for
NSCLC between institutions within a country, both in
European countries and the United States.78–80 This
suggests that access to predictive biomarker testing may
be influenced by factors such as the location of the
hospital where patients receive their diagnosis and
treatment, accessibility of technology for comprehensive
biomarker testing, reimbursement issues and/or lack of
knowledge. In some countries, efforts have been made
to actively improve access and overall functioning of
molecular testing for NSCLC patients through dedicated
projects and policies.81–84 With regard to England, it
should be noted that a comprehensive overview of na-
tional predictive biomarker testing rates is currently
being established by the National Disease Registration
Service. In the Netherlands, molecular testing results
are registered nationwide in the Dutch Pathology Reg-
istry (Palga), which enables researchers to examine
these reports of patients diagnosed with NSCLC within
a specified time period. Using this registry, reliable
national testing rates of EGFR, ALK, ROS, MET, RET,
BRAF, and ERBB2 in 2017, and KRAS in 2013–2017
have previously been determined (see Table 3).44,74

Importantly, for other countries, national testing rates
are not yet available and (publicly) available testing rates
are limited to regional or multi-institutional patient
populations, thereby potentially limiting their repre-
sentativeness for the entire country.
www.thelancet.com Vol 38 March, 2024
Interpretation of molecular test results
Among the participating centers, there is a significant
overlap in the elements provided in molecular pathology
reports for NSCLC. These include information on the
genes tested, the specific variants detected, variant allele
frequency, and tumor cell percentage (Table 4). How-
ever, differences arise in the translation of test outcome
to report conclusion, and the interpretation of reports by
healthcare professionals for patient care. While most
participating centers provide general treatment advice
based on test results, only a few centers offer mutation-
specific recommendations. International guidelines on
reporting molecular results recommend a general
treatment advice in cases with pathogenic, actionable
molecular aberrations.85 However, in some countries,
national guidelines state that such treatment recom-
mendations are not allowed to be stated in the pathology
report.

We also inquired among the participating centers
what methodology was used for discussing and advising
on complex molecular results of patients with metastatic
NSCLC (Table 5). The establishment of dedicated Mo-
lecular Tumor Boards (MTBs) for the interpretation of
complex molecular testing results is common among
the centers. However, only a few countries, including
Germany and the Netherlands, have national guidelines
in place that outline the composition and functioning of
these treatment advisory boards.65,86,87 The variation in
the translation and interpretation of complex or rare
molecular testing results highlights the need for both to
use and report following existing guidelines as well as
further standardized guidelines and recommendations
to ensure a consistent and accurate understanding of
9
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Austria70 Belgiuma Czech Republicc England71 France72 Germany73 Netherlands44,74 Portugal Slovenia61 Spain75 Swedend

EGFR 77.1% 51% 79.3% 92% 53% 72.5% ∼60–82%b No data 91% 91.4% No data (authors estimate: ∼90%)

Year(s) of data (2013–2015) (2011) (2011) (2017) (2015–2018) (2015–2019) (2017) (Single center, 2020) (2018–2019)

ALK 62.5% No data 82.7% 80% 46% 74.5% ∼35%–55%b,e No data 87% 80.1% No data (authors estimate: ∼90%)

Year(s) of data (2013–2015) (2013) (2017) (2015–2018) (2015–2019) (2017) (Single center, 2018) (2018–2019)

ROS1 No data No data 82.7% No data 34% 66.1% ∼28–38%b,f No data 86% 56.2% No data (authors estimate: ∼90%)

Year(s) of data (2015) (Mutation and/or
fusion, 2015–2018)

(2015–2019) (2017, total) (Single center, 2018) (2018–2019)

BRAF No data No data No data No data 38% 53.0% ∼60–78%b No data No data No data No data (authors estimate: ∼70%)

Year(s) of data (2015–2018) (2015–2019) (2017)

RET No data No data No data No data No data 26.9% ∼18–19%b,g No data No data No data No data (authors estimate: ∼70%)

Year(s) of data (2015–2019) (2017, in total)

MET mut. No data No data No data No data 12% 35.4% ∼55–68%b No data No data No data No data (authors estimate: ∼70%)

Year(s) of data (Mutation and/or fusion,
2015–2018)

(2015–2019) (2017)

MET amp. No data No data No data No data See ‘MET mut.’ No data No data No data No data No data No data

Year(s) of data

KRAS No data No data No data No data 45% 44.9% 82.0% No data No data No data No data (authors estimate: ∼70%)

Year(s) of data (2015–2018) (2015–2019) (2017)

NTRK No data No data No data No data No data No data No data No data No data No data No data (authors estimate: ∼50%)

Year(s) of data

HER2/ERBB2 No data No data No data No data 30% 15.2% ∼55–76%b No data No data No data No data (authors estimate: ∼50%)

Year(s) of data (2015–2018) (2015–2019) (2017)

NRG1 No data No data No data No data No data No data No data No data No data No data No data (authors estimate: ∼20%)

Year(s) of data

PD-L1 No data No data 89.5% 87% 17% 66.2% No data No data 74–91% 58.1% No data (authors estimate: ∼90%)

Year(s) of data (2016) (2017) (2015–2018) (2015–2019) (Single center, 2018) (2019–2020)

aRecent data not publicly available, but could be requested at RIZIV and Belgian Cancer registration. bHigher rate is applicable to adenocarcinoma, lower rate is applicable to NSCLC-NOS. cNational testing rates from national cancer registry,
calculated from cases eligible for molecular testing (e.g., molecular testing for NSCLC NOS and adenocarcinoma, PD-L1 for all NSCLC). dNo public data available on testing rates, displayed numbers are the Swedish authors’ estimations based on
their expected national adherence to guidelines, personal communication of authors, degree of sequential testing. e∼70–80% if EGFR/KRAS/BRAF/ERBB2/MET wildtype. f∼60–70% if EGFR/KRAS/BRAF/ERBB2/MET wildtype. g∼42–44% if EGFR/
KRAS/BRAF/ERBB2/MET wildtype.

Table 3: Published molecular testing rates for patients with metastatic NSCLC across participating European countries.
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Table 4: Reporting of molecular testing results for patients with metastatic NSCLC across participating centers (of clinical scientist in molecular pathology/(molecular)
pathologist).

Series
complex/rare molecular testing results among health-
care professionals.85 These guidelines should help to
guide appropriate treatment decision-making and pa-
tient care optimization in the context of NSCLC.
Table 5: Methodology of discussing complex molecular results of patients w
(molecular) pathologist).

www.thelancet.com Vol 38 March, 2024
Barriers for off-label use, compassionate use
programs and trial participation
As stated in Section Availability of targeted therapies,
the availability of targeted therapies for patients with
ith metastatic NSCLC across participating centers (of clinical scientist in molecular pathology/
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Table 6: Available biomarker test types for patients with metastatic NSCLC in participating centers (of clinical scientist in molecular pathology/(molecular) pathologist).

Series
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Search strategy and selection criteria

References for this Review were identified through EMA European public
assessments reports (EPAR) of EMA-authorized targeted therapies for non-small cell
lung cancer (see Supplementary File 2 for references and last date of access),
subsequent scrutinization of references of included articles and through searches of
the authors’ own files. References of national guidelines and (national) biomarker
testing rates were provided by participants from each country, if available. There was
no selection based on language or date of publication.

Series
NSCLC varies among European countries. Some tar-
geted therapies have not (yet) received approval from the
EMA, or they may not be registered or covered by na-
tional health insurance systems. In cases where targeted
therapy is not standardly available, there are alternative
options for patients to access these treatments. These
options include participation in clinical trials, off-label
targeted therapy use, and compassionate use or
patient-named programs. Off-label use refers to the use
of a drug for a purpose not (yet) specifically approved by
regulatory authorities. Compassionate use programs
allow patients with serious or life-threatening conditions
to access experimental therapies outside of clinical
trials.

Though these alternative options for targeted drug
access are valuable for patients who would otherwise not
receive (potentially) effective targeted therapy treatment,
various authors of this review have encountered issues
when attempting to utilize these opportunities for their
patients. These issues include the lack of up-to-date and
user-friendly databases for clinical trials and compas-
sionate use programs, limited access to ongoing (inter-
national) clinical studies, challenges related to ineligibility
criteria such as brain metastases, and compulsory indi-
vidual negotiations with health insurances providers for
off-label use, which may vary depending of the treating
center. In some cases, university hospitals may have
better chances of obtaining approval for off-label use due
to their expertise and resources. Overall, navigating ac-
cess to targeted therapies outside of standard availability
can be complex and may require close collaboration be-
tween healthcare providers, patients, and regulatory
bodies to ensure the best possible available treatment
options for individual patients. In addition, we should
aim for equal access to all presently available innovative
systemic treatments (i.e., targeted therapies, immune
checkpoints inhibitors, antibody-drug conjugates) for all
patients with metastatic NSCLC.
Conclusions
The availability of targeted therapies for advanced stage
NSCLC varies across European countries, with high
availability of EGFR- (except amivantamab), ALK-,
ROS1-, and BRAF V600-targeted therapies. However,
there is considerable variability in the availability of
other targeted therapies, and not all national guidelines
align with European guidelines or reflect the availability
of specific targeted therapies in each country. Recent
real-world data studies in Norway, Spain, the
Netherlands, and England have reported encouraging
EGFR testing rates, though recent data are not publicly
available for other participating countries. Data on
testing rates for other predictive markers are often
either outdated or not widely reported. Therefore, it re-
mains uncertain what proportion of European patients
with advanced stage NSCLC receive adequate molecular
www.thelancet.com Vol 38 March, 2024
testing. All centers contributing to this review have the
capacity to perform DNA- and RNA-based NGS for
recommended biomarkers (Table 6), and nearly all have
established MTBs to discuss complex/rare molecular
testing results. Molecular test reports of participating
centers were largely overlapping in their content, with
the exception of the comprehensiveness of treatment
recommendations. While providing an overview of the
characteristics of this select group of high-expertise,
often university-affiliated centers, the overall real-world
implementation of (large-panel) NGS and use of MTB
may be suboptimal in other laboratories performing
molecular testing within these European countries, as
indicated in recent literature.88,89 Importantly, there is
still a lack of international guidelines that define the
role, criteria for patient enrollment, and composition of
MTBs. Developing such consensus guidelines will pro-
vide a framework for interpretation of rare or complex
mutations, guide appropriate treatment-decision mak-
ing, and ensure quality control within MTBs. A future
perspective for molecular testing in advanced stage
NSCLC is described in the separate viewpoint paper.11
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