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ABSTRACT

The identification of actionable biomarkers and
development of targeted therapies have revo-
lutionized the field of lung cancer treatment. In
patients with advanced non-small cell lung
cancer (NSCLC), biomarker testing can inform
selection of effective targeted therapies as well
as avoid therapies that are less likely to be
effective in certain populations. A growing
number of actionable targets, including those
involving EGFR, ALK, ROS1, BRAF, MET, KRAS,
NTRK, RET, HER2, and PD-L1, can be identified
with biomarker testing. More than half of
patients with advanced NSCLC have tumors
that harbor genetic alterations that can be tar-
geted. When these patients are treated with
targeted therapy, survival and quality of life
may be significantly improved. In addition,
broad-based molecular testing may detect
alterations identifying patients who are poten-
tially eligible for current or future clinical trials.

Comprehensive biomarker testing rates in
communities are often low, and turnaround
times for results can be unacceptably long.
There is an unmet need for widespread, effi-
cient, and routine testing of all biomarkers rec-
ommended by clinical guidelines. New testing
techniques and technologies can make this an
attainable goal. Panel-based sequencing plat-
forms are becoming more accessible, and
molecular biomarker analysis of circulating
tumor DNA is becoming more common. In this
podcast, we discuss the importance of bio-
marker testing in advanced NSCLC and explore
topics such as testing methodologies, effect of
biomarker testing on patient outcomes, emerg-
ing technologies, and strategies for improving
testing rates in the United States.
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Key Summary Points

More than half of patients with advanced
non-small cell lung cancer (NSCLC) have
tumors that harbor an actionable
biomarker.

Early, broad-based biomarker testing is
essential for determining optimal
treatment for NSCLC and is
recommended by guidelines.

Biomarker testing rates and efficiency
should be improved through the
dissemination of information and
advances in technology.

This podcast is about the importance of
biomarker testing in advanced NSCLC and
includes discussion about testing
methodologies and testing rates in the
United States.

DIGITAL FEATURES

This article is published with digital features,
including a podcast audio, to facilitate under-
standing of the article. To view digital features
for this article, go to https://doi.org/10.6084/
m9.figshare.25352794.

PODCAST TRANSCRIPT

Welcome to the podcast. This podcast was
supported by Pfizer Incorporated, with editorial
support provided by Mark McCollum of
Nucleus Global and funded by Pfizer.

FH: Hello everybody. My name is Dr. Fred
Hirsch. I’m the Executive Director at the Tisch
Cancer Institute at Mount Sinai, New York, and
the Center of Thoracic Oncology there. And I’m
also the Joe Lowe and Louis Price Professor of
Medicine at Icahn School of Medicine at Mount
Sinai.

CK: Hello. My name is Chul Kim. I’m an
Associate Professor at the Division of

Hematology and Oncology at the School of
Medicine at Georgetown University.

In this podcast, Fred and I will be discussing
predictive biomarkers and how biomarker test-
ing informs targeted treatments in advanced
non-small cell lung cancer or NSCLC. The
topics we will cover include importance of bio-
marker testing, testing methodologies, the
effect of biomarker testing on patient outcomes,
emerging technologies, and opportunities to
improve biomarker testing rates. Fred, why is
biomarker testing important in patients with
advanced non-small cell lung cancer?

FH: Well, step a little bit back in the history.
Ten years ago, chemotherapy was a main option
for patients with advanced lung cancer, and the
median overall survival was less than
12 months [1]. Since then, the discovery of
actionable biomarkers and the development of
targeted therapies have revolutionized the field
[2–4]. Biomarker testing and targeted therapies
are based on oncogenic genomic alteration that
include gene mutations, rearrangements, and
amplifications [2]. In 2004, we had one action-
able genomic alteration, the EGFR; today, we
have more than ten, and we have even a greater
number of US FDA [Food and Drug Adminis-
tration]-approved targeted therapies [5, 6].
Approximately 60% of patients with advanced
non-small cell lung cancer, especially adeno-
carcinoma, have tumors that harbor genetic
mutations that can be targeted; if these patients
are treated with a targeted therapy, the overall
survival and the quality of life may be signifi-
cantly improved [4, 7–10]. Patients who do not
receive comprehensive biomarker testing may
not receive optimal therapy [9, 10]. Biomarker
testing for driver mutations that do not have an
approved targeted therapy can help to identify
patients eligible to enroll in clinical trials [11].
Chul, before we talk more about the utility of
biomarker testing, would you please elaborate
how often biomarker testing is being done in
patients with advanced non-small cell lung
cancer?

CK: Yes, sure, Fred. Unfortunately, data sug-
gests that comprehensive biomarker testing
rates in patients with lung cancer are low
[3, 10]. For example, an analysis of electronic
health records from community-based
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oncology practices shows that between 2018
and 2020, less than 50% of patients with
metastatic non-small cell lung cancer received
testing for five of the biomarkers most routinely
recommended in guidelines, which are EGFR,
ALK, ROS1, BRAF, and PD-L1. The median
turnaround time between ordering the testing
and receiving the results was approximately
2 weeks, and only 35% of patients had testing
results for five biomarkers before initiation of
first-line treatment [10]. Sometimes the testing
is performed, but the results are not accessible
in the patient’s electronic health record. When
comprehensive biomarker testing is not per-
formed, or results are delayed, patients may not
receive optimal therapy in a timely manner. So
there is an opportunity to improve testing rates
and turnaround times. Fred, what do current
guidelines recommend regarding when bio-
marker testing should be performed and what
testing methodology should be used?

FH: Well, the guidelines has of course
evolved over time. According to the current
guidelines, biomarker testing is recommended
at the time of initial diagnosis for, I would say,
all patients with metastatic lung cancer to
determine if they are eligible for targeted ther-
apies or immunotherapies [4, 10, 12–14]. It has
been discussed, and it can still be discussed,
whether all patients with squamous lung cancer
need comprehensive biomarker testing. In my
institution, we do comprehensive biomarker
testing in all patients, because, particularly if
you have a younger patient with squamous lung
cancer and a never-smoker, Asian ethnicity,1

you can find a driver mutation also in squamous
histology. So, our recommendation today is
comprehensive biomarker to all patients with
advanced non-small cell lung cancer. Those
recommendations are based on data showing
clearly improved survival in patients who
received biomarker-based therapies compared
to traditional chemotherapy [3, 4, 8–10]. It is
important that the clinicians wait for the results
of biomarker testing before initiating treatment
[15], unless in the rare situation where the
patient is very much symptomatic and have a

high disease burden. In those cases, it can be
indicated to initiate therapy immediately, but
as a rule, we should wait for the comprehensive
biomarker testing before initiation of a therapy.
Of course, if drug resistance develops and dis-
ease progress, which unfortunately still happens
in almost all patients, additional biomarker
testing may be performed to inform subsequent
treatment [14]. We do have today several
treatment options based on genomic alterations
at time of treatment resistance in first-line
therapy.

We have also most recently learned about
early-stage lung cancer and the need of genomic
knowledge profiling of tumors in early-stage
non-small cell lung cancer [16]. We learned that
in it first, with EGFR, through the ADAURA
study as adjuvant EGFR therapy [17]. We most
recently also learned results for ALINA study in
ALK-positive patients using an adjuvant therapy
[18]. So, even in early-stage disease, it is today
recommended to do molecular profiling.

Current guidelines recommend a panel-
based approach by next-generation sequencing,
also known as ‘‘NGS’’ [19]. NGS has demon-
strated broader detection of genomic regions of
interest, with potential superior sensitivity and
improved cost-effectiveness over single gene
assays [10, 20, 21]. DNA-based NGS is the
established approach to detect rearrangements
that produce common oncogenic kinase
fusions, including ALK, RET, ROS, MET exon 14
skipping mutations [22]. But, DNA-based NGS
has certain challenges as well. First, some clin-
ically relevant fusions result from rearrange-
ment that occur within very long introns. Tiling
probes for those long introns can be technically
challenging and may significantly compromise
the coverage of the remaining genes within the
panel. Secondly, introns may have repetitive
elements that exist elsewhere in the genome
and cannot be assessed by short-read sequenc-
ing because given the difficulty of uniquely
mapping such reads. This produce gaps in the
coverage of certain introns and blind spots in
the detection of potential rearrangement
breakpoints. Thirdly, DNA-based NGS may
detect fusions or rearrangements that are not
actually expressed at the mRNA level. So, when
we are talking fusions, RNA-based NGS probably

1 People having origins in any of the original peoples of
the Far East, Southeast Asia, or the Indian subcontinent.
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is superior to DNA-based NGS [23, 24]. A retro-
spective analysis related to that showed that
14% of DNA-sequenced negative cases were
positive for fusions and rearrangements by RNA
sequencing [22]. That is one study. There might
be other studies, and there are other studies out
there. And false-negative DNA percentage can
vary, but in general, fusions are best detected by
RNA. The DNA that we use for testing can now
come from sources other than the tissue biopsy.
And that leads us to the next topic of discus-
sion, discussing circulating tumor DNA or
ctDNA in blood, also known as liquid biopsy.
Chul, while tissue biopsy is our current gold
standard for diagnosis, can you please explain
the role of liquid biopsy in biomarker testing?

CK: Sure, Fred. This is an important topic.
Liquid biopsy involves the acquisition of
biomarkers from body fluids, mainly blood;
plasma-derived ctDNA is the primary source of
biomarkers in liquid biopsies [25]. Most guide-
lines state that liquid biopsy testing be consid-
ered when the patient is medically unfit for
needle biopsy or tissue biopsy yields an insuffi-
cient sample for testing [10]. However, the
routine use of liquid biopsies at diagnosis has
several advantages. Liquid biopsies are nonin-
vasive and may reduce costs and complications
associated with multiple tissue biopsies [3].
Additionally, turnaround time may be shorter
based on liquid biopsy; a study of molecular
testing results in patients with advanced lung
cancer found a turnaround time of 9 days with
liquid biopsy versus 15 days with tissue biopsy
[26]. Liquid biopsies can be serially repeated for
therapeutic monitoring, but it is important to
consider the potential cost implications of fre-
quent testing, though [3]. Evidence supports the
complementary use of liquid and tissue biopsies
for molecular biomarker testing to increase
detection and reduce time to treatment
[8, 27, 28]. Recent studies have indicated that
testing both liquid and tissue biopsies can
increase the detection rate of actionable muta-
tions, with detection rates for combination
testing being 48% to 75% higher than rates for
tissue biopsy alone [10]. Fred, would you please
tell us which targetable biomarkers should be
screened in patients with advanced lung
cancer?

FH: Yeah, according to current guidelines,
testing should be performed for the following
biomarkers: EGFR mutation, which we have
talked about previously, ALK rearrangements,
BRAF, HER2/ERBB2 mutations, KRAS mutations,
MET exon 14 skipping mutations, we have
NTRK fusions, RET arrangements, and the ROS1
rearrangements [3, 4, 10]. Of course, testing for
PD-L1 expression is also strongly advised, as we
use PD-L1 as an indicator for whether we should
give either immunotherapy alone or
immunotherapy in combination with a
chemotherapy [10]. Immunotherapy with or
without chemotherapy is recommended as first-
line therapy for patients without any actionable
mutation [4]. However, when an actionable
mutation is detected, effective treatment in
first-line therapy is available, and targeted
therapy should generally take precedence over
immunotherapy even if the PD-L1 expression is
elevated [4, 29]. Guidelines also recommend
screening for emerging biomarkers, such as
high-level MET amplification [4]. Broad molec-
ular profiling, which can identify rare alter-
ations without an approved therapy, is advised
to identify clinical trials for which a patient may
be eligible [3, 14, 29]. So again, a broader,
comprehensive molecular profiling is recom-
mended for every patient. The purpose of the
biomarker guidelines is, of course, to promote
practices that will lead to the best possible
patient outcome.

In my institution, we have introduced more
or less reflexive biomarker testing, both for
patients with advanced non-small cell lung
cancer as well as patients with early-stage non-
small cell lung cancer. Of course, we are an
academic institution, and some of the findings
might currently have more academic interest
than clinical practice interest. But again, using
the principle that each patient should have
comprehensive testing and no patients should
be left behind, should justify broad testing for
everyone. Dr. Kim, what is practiced in your
institution?

CK: My practice and the practice here is quite
similar to what you have just described, Fred.
So, at the time of initial diagnosis of advanced
non-small cell lung cancer, I utilize both tissue-
based molecular profiling and plasma-based
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NGS simultaneously. I find that using both
approaches, which have different advantages, is
complementary and helps inform timely treat-
ment decisions. And for, as you mentioned,
early-stage non-small cell lung cancer, we also
use NGS more often than before. And so, this is
our practice pattern here, it’s quite similar.

FH: So Chul, are there differences in patient
outcomes when biomarker testing is used?

CK: Yes, evidence indicates that biomarker-
directed therapy is associated with better
patient outcomes [30]. For instance, a recent
study using electronic health records showed
that among 1260 patients with advanced non-
small cell lung cancer and a targetable driver
alteration, 48.3% received targeted therapy [31].
Patients who received targeted therapies expe-
rienced a longer median overall survival of
18.6 months versus 11.4 months in those who
did not receive targeted therapy. Now, let’s
discuss important advances in this field that
may improve testing efficiency. Fred, what
emerging technologies do you think hold pro-
mise in the field of biomarker testing?

FH: Well, first of all, it is important to keep
informed on the identification of new drug-
gable oncogene drivers. The field of drug
development in targeted therapies goes very
fast, and it is important to keep up on all that
information. For example, high-level MET
amplification, NRG1 fusion, are emerging
biomarkers with targeted drugs in development
[14, 21]. When we are talking new biomarker
techniques, of course, of high interest is: can we
make early detection of lung cancer by using
ctDNA genotyping? And is it possible to prove
or have a high sensitivity and specificity based
on liquid biopsy in that space? One platform for
this purpose uses bisulfite sequencing and
machine learning to detect abnormal ctDNA
methylation in plasma, and clinical trials is
undergoing to validate this technology [25].

When we’re talking immunotherapy, we
have had much discussion around tumor
mutation burden (TMB) and the role of TMB for
predicting efficacy of immunotherapy in lung
cancer. TMB serves as a surrogate marker for
tumor and neoantigen production, which trig-
ger an immune response [32, 33]. In this way,
TMB is thought to be correlated with the

efficacy of immune checkpoint inhibitors.
There are many current NGS platforms mea-
suring TMB. My personal view is, in lung can-
cer, the TMB concept needs to be refined. Not
all mutations are equally immunogenic. And we
need to refine the concept, whether that is in
combination with the HLA expression, other
modifications of the TMB. But of course, there
are studies looking into that. In addition, there
are other body fluids which could be the source
for liquid biopsy as well. Of interest is ctDNA
assessment in cerebrospinal fluid, which could
be used to profile brain metastases, which of
course is a huge clinical problem in the lung
cancer management [34], and there are studies
ongoing also in that space.

Artificial intelligence, better known as ‘‘AI,’’
is today a very hot term and a very relevant, of
course also, methodology, I would say. And
deep learning algorithms are being developed to
analyze DNA and RNA data and to discover new
novel biomarkers [35]. AI-based predictive
models may help us to identify patients who
will derive clinical benefit from biomarker-
based therapy [36]. By combining AI with well-
known other, I would say, technologies or dis-
ciplines such as pathology, radiology, geno-
mics, these combined technology
methodologies may be able to predict better
patient outcome resulting from immunother-
apy or targeted therapy [36]. So, new tech-
nologies and techniques open the door for more
efficient and widespread biomarker testing. In
your opinion, Chul, how can biomarker testing
rates be improved for patients with advanced
lung cancer?

CK: Certainly. From the point of lung cancer
diagnosis, patients and their care team are faced
with a difficult journey that includes many
complex steps. Incorporating biomarker testing
early in the process can optimize patient out-
comes [14]. As we previously mentioned, com-
prehensive biomarker testing is often not being
performed, or the results are not received prior
to initiating treatment. To improve biomarker
testing rates, more medical education is needed.
Healthcare providers that comprise an oncology
team need to be fully informed on the impor-
tance and interpretation of biomarker data
[14, 37]. Important information includes
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recognizing what biomarker testing resources
are available at the practitioner’s institution,
the benefits and limitations of DNA- and RNA-
based NGS, the advantages as well as limitations
of plasma-based ctDNA, the need for consistent
biomarker reporting in electronic health
records, and best practices for sample collec-
tion. Case reviews by a molecular tumor board
can help promote an interdisciplinary team
approach [14, 38]. This board should be com-
posed of a diverse set of medical specialists, with
the common goal of determining the best
diagnostic procedures and treatment regimens
for a patient. This interdisciplinary team can
provide comprehensive knowledge on emerging
biomarkers that are clinically relevant and
advise on associations with treatment out-
comes. In addition, diagnostic testing in accor-
dance with sample type and availability can also
be discussed. Ultimately, this can help each
patient receive a more customized diagnostic
and treatment plan [38]. Also, the turnaround
times with biomarker testing can also be
improved [10, 14]. In cases where advanced
lung cancer is confirmed or highly suspected,
molecular testing should be ordered promptly
to help guide treatment decisions [39].

Liquid biopsies may be useful in certain situ-
ations, for example, where tissue procurement
or availability is a concern. Liquid biopsies can
be obtained and analyzed early in the diagnos-
tic pathway and may be associated with
decreased turnaround times [26]. Finally,
insurance is a well-known factor impacting
cancer treatment. A recent study demonstrated
that patients with the public insurance are less
likely to receive biomarker testing and bio-
marker-driven therapy than those with private
insurance [40]. Collectively, as practitioners in
the treatment of lung cancer, if we can improve
the dissemination of biomarker information,
such as current guidelines, and promote cross-
disciplinary dialogue about the utility of
biomarkers, testing rates will increase. Fred, do
you have any additional thoughts to add before
closing?

FH: Yeah, I think we have touched upon the
most important things. The fact that real-world
data tells us that maybe just half of the patients
with advanced lung cancer get five or more

genomic alterations recorded or studied before
initiation of therapy is, in my opinion, alarm-
ingly low level of participation [10]. And we
need to figure out how can we increase number
of patients undergoing molecular profiling
before initial treatment is instituted. And for
that, I think education is the key word. We need
to come out in the communities and educate all
the involved stakeholders on the importance of
molecular testing. And it is a continuous pro-
cess, as we talked about, Chul. There is a rapid
development in molecular targeted therapies
and new targets are discovered the whole time.
So, a continuous, intensified education in the
communities are important. I would also repeat
that broad molecular testing give also the
patients opportunity to identify potential clin-
ical trials to be eligible for. We need more
patients into clinical trials. We need more
diversity into clinical trials. So, we need to reach
out to communities, minority communities, to
be sure that they are aware of molecular testing,
they are aware of the benefit, potential benefit
being a part of clinical trials. So, there is some
work we have to do, but it needs to be done as
soon as possible.

CK: Thank you, Fred. I would like to echo all
your comments, and I cannot agree more. I also
would like to emphasize the significant impact
of comprehensive biomarker testing on patient
outcomes. It really enables the selection of the
most effective treatment for the patient,
enhancing patient care [30]. Looking ahead, the
integration of novel biomarker testing across
various stages and settings in lung cancer care is
a very promising and exciting development. In
closing, we encourage the listener to help raise
awareness about the importance of biomarker
testing and keep informed on topics such as
targeted therapies in development, emerging
testing methods, and the use of liquid biopsy.
Biomarker testing rates and efficiency should be
improved through the dissemination of infor-
mation and advances in technology. Thank you
very much.

FH: And Chul, I would like to add also to
these important conclusive remarks that edu-
cation goes in many directions. It goes also in a
multidisciplinary direction, meaning that we
need to educate each other in the different,
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relevant disciplines. And medical oncologists,
they might know a lot about molecular targeted
therapies and biomarkers, but we need to also
be sure that the other stakeholders like sur-
geons, radiotherapists, and pathologists, of
course, they will know more. But we need to
educate each other in multidisciplinary tumor
boards. And that is important to expand on in
the future management of lung cancer patients,
in the current and future management of lung
cancer patients.

CK: Very, very well said, Fred.
FH: Thank you.
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