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Prioritizing molecular markers to test for in the initial workup of
advanced non-small cell lung cancer: wants versus needs
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Abstract: The current standard of care for molecular marker testing in patients with advanced non-small
cell lung cancer (NSCLC) has been evolving over several years and is a product of the quality of the evidence
supporting a targeted therapy for a specific molecular marker, the pre-test probability of that marker in the
population, and the magnitude of benefit seen with that treatment. Among the markers that have one or
more matched targeted therapies, only a few are in the subset for which they should be considered as most
clearly worthy of prioritizing to detect in the first line setting in order to have them supplant other first line
alternatives, and in only a subset of patients, as defined currently by NSCLC histology. Specifically, this
currently includes testing for an activating epidermal growth factor recepror (EGFR) mutation or an anaplastic
lymphoma kinase (ALK) or ROSI rearrangement. This article reviews the history and data supporting the
prioritization of these markers in patients with non-squamous NSCLC, a histologically selected population
in whom the probability of these markers combined with the anticipated efficacy of targeted therapies against
them is high enough to favor these treatments in the first line setting. In reviewing the evidence supporting
this very limited core subset of most valuable molecular markers to detect in the initial workup of such
patients, we can also see the criteria by which other actionable markers need to reach in order to be widely
recognized as reliably valuable enough to warrant prioritization to detect in the initial workup of advanced

NSCLC as well.

Keywords: Molecular markers; molecular testing; epidermal growth factor receptor (EGFR) mutation; anaplastic

lymphoma kinase (ALK) rearrangement; ROS1 rearrangement; targeted therapy

Submitted Aug 01, 2017. Accepted for publication Aug 16, 2017.

doi: 10.21037/atm.2017.08.29

View this article at: http://dx.doi.org/10.21037/atm.2017.08.29

Introduction

Among the many ongoing developments in management of
advanced non-small cell lung cancer (NSCLC), one of the
leading ones is the dynamic nature of the initial workup,
specifically which molecular markers should be considered
a standard of care to seek and detect. This is dependent
in part on a tumor’s specific histologic breakdown, as the
molecular drivers most clearly associated with effective
targeted therapies are far more common in patients with
advanced lung adenocarcinoma or at least non-squamous
subtypes, leading to different recommendations for
squamous vs. non-squamous advanced NSCLC. The core
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question that frames the recommendations for what should
constitute the initial molecular marker evaluation is whether
there is sufficient evidence to warrant widespread screening
for the marker and whether not only detecting it but
detecting it during the initial workup confers a significant
efficacy benefit for the patient.

Guidelines on NSCLC from the National Comprehensive
Cancer Network (NCCN) include a growing table
of molecular markers for which the data supporting
commercially available treatments not approved for that
specific target in advanced NSCLC arguably warrant
treatment outside of a trial setting, particularly if a clinical
trial for the marker in question is inaccessible to a patient (1).

atm.amegroups.com Ann Transl Med 2017;5(18):371



Page 2 of 9

Today, the list of identified mutations reported in a patient’s
genomic panel from their tumor is often accompanied
by suggested treatment options that may include a subset
supported by randomized trials alongside others with far
more limited phase I or II data, and even still others for
which only preclinical data are offered as a speculative
option to consider. In this scenario, it becomes critical for
clinical oncologists to weigh the depth and quality of the
evidence compared to well-established, standard treatment
options.

At the present time, only a very limited subset of
markers truly reach a threshold of sufficient evidence to
displace competing standard first line treatment options.
Those include activating mutations in the epidermal growth
factor receptor (EGFR) gene, as well as translocations in the
anaplastic lymphoma kinase (ALK) or ROS1 proto-oncogene
receptor tyrosine kinase (ROSI) genes. This list is likely
to grow over time, as new markers are identified and new
data generated that demonstrate higher efficacy than could
be anticipated from other first line treatment options.
Nevertheless, it is important for clinical oncologists to avoid
putting too fine a point on limited data with rare mutations,
instead prioritizing the potential targeted therapy options
according to the quality and quantity of evidence for each
potential marker. We will now review why EGFR, ALK,
and ROST have emerged as the markers that merit highest
priority, based on the available evidence at this time, for
detection in the initial workup of patients with advanced
non-squamous NSCLC.

EGFR

EGFR inhibitors as a targeted therapy were initially
developed prior to the discovery of EGFR mutations
in 2004 (2,3). Initially, gefitinib and then erlotinib
were administered to a broad population of patients,
predominantly patients previously treated with one or more
lines of systemic therapy (nearly invariably conventional
chemotherapy, as the only established treatment approach
for advanced NSCLC). First gefitinib (4) and then
erlotinib (5) were FDA approved for unselected patients
who had received prior chemotherapy. Erlotinib was
approved for a broad population based on the overall
survival (OS) benefit seen in the BR.21 trial that randomized
patients 2:1 between erlotinib and best supportive care
(BSC) (6). The FDA subsequently limited this agent to
those not starting it as a new therapy (7) after the ISEL
trial failed to demonstrate an improvement in a similar trial
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of unselected patients randomized between gefitinib and
BSC (8).

Investigators and clinical oncologists readily identified
that patients with certain clinical and/or histologic
characteristics were far more likely to respond well to
gefitinib (9) or erlotinib (10). Asians, women, never-smokers,
and those patients with adenocarcinoma histology and
especially bronchioloalveolar carcinoma histology, as it was
known at that time, prior to a revision of the classification
of lung adenocarcinoma pathology (11), were consistently
associated with a higher probability of a dramatic and often
prolonged response to EGFR TKIs (9,10). Even after the
identification of mutations in the EGFR gene commonly
seen in patients with strong responses to EGFR TKIs were
found to be enriched in patients with these clinical features
(2,3,12), it remained debatable whether molecular selection
is incrementally more valuable than clinical selection of
patients most likely to benefit from these agents.

The value of molecular selection as an alternative to
clinical selection was illustrated definitively in a post-hoc
analysis of the IPASS trial that randomized 1,217 Asian
patients with an advanced lung adenocarcinoma and/or
a minimal prior smoking history (94% never-smokers)
to either standard carboplatin/paclitaxel or gefitinib as
first line therapy (13). The trial met its primary objective
of non-inferiority of gefitinib relative to chemotherapy,
actually superiority in the primary endpoint of progression-
free survival (PFS) [hazard ratio (HR) 0.74, P<0.001]. The
most clinically significant finding came from the post hoc
analysis of approximately 1/3 of the enrolled patients who
had tissue available for molecular testing demonstrated
remarkably different results in the 60% of patients with
an EGFR mutation compared with the 40% who did
not. Specifically, this analysis revealed that these two
populations demonstrated remarkably different efficacy
with gefitinib relative to chemotherapy, such that those with
an identified EGFR mutation experienced a significantly
longer PFS with gefitinib than with carboplatin/paclitaxel
(HR 0.48, P<0.001) while the opposite was true for the
patients without an EGFR mutation (HR 2.85, P<0.001).
Similarly, the response rate was significantly higher with
gefitinib than with chemotherapy for those patients with
an EGFR mutation (71.2% vs. 47.3% for gefitinib vs.
chemotherapy, respectively), while the opposite was true
for patients who were EGFR mutation-negative (23.5%
vs. 1.1% for chemotherapy vs. gefitinib, respectively). In
summary, even among never-smoking Asian patients with
a lung adenocarcinoma, the benefit of an EGFR TKI was
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Table 1 Efficacy of EGFR TKIs vs. platinum-based doublet chemotherapy as first line therapy in patients EGFR mutation-positive NSCLC

RR

Median PFS (months)

Median OS

Study (ref.) N Treatment
NEJ0O02 (15) 230 Gefitinib vs. carboplatin/paclitaxel
WJTOG (16) 177 Gefitinib vs. cisplatin/docetaxel

EURTAC (17) 174 Erlotinib vs. platinum-based chemo

OPTIMAL (18) 165 Erlotinib vs. carboplatin/gemcitabine
LUX-Lung 3 (19) 345 Afatinib vs. cisplatin/pemetrexed

LUX-Lung 6 (20) 364 Afatinib vs. cisplatin/gemcitabine

74% vs. 31%
62% vs. 32%
58% vs. 15%
83% vs. 36%
61% vs. 22%
67% vs. 23%

10.8 vs. 5.4 (P<0.001)
9.2 vs. 6.3 (P<0.0001)
9.7 vs. 5.2 (P<0.0001)
13.1 vs. 4.6 (P<0.0001)
11.1 vs. 6.9 (P<0.0004)

30.5 vs. 23.6, HR: 0.89
36 vs. 39, HR: 1.25
19.3 vs. 19.5, HR: 0.93
30.4 vs. 31.5, HR: 1.065
28.2 vs. 28.2, HR: 0.88

11.0vs.5.6, HR: 0.28 23.1vs. 23.5, HR: 0.93

EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancer.

associated overwhelmingly with the presence of an EGFR
mutation. Without it, patients fare far worse with first line
gefitinib, highlighting that unselected/incorrectly selected
patients can be harmed by starting treatment with first-line
EGEFR TKI therapy instead of chemotherapy.

Another trial that highlighted the potentially detrimental
effect of administering first line EGFR TKI therapy to
an unselected population was the European TORCH
trial (14), which randomized previously untreated patients
to either cisplatin/gemcitabine chemotherapy followed by
erlotinib upon progression or to erlotinib first line followed
by cisplatin/gemcitabine upon progression. This trial was
terminated early after the Independent Data Monitoring
Committee observed a significantly worse PFS and also
OS in those patients assigned to first line erlotinib. These
findings underscored the potential harm of administering
an EGFR TKI first line to a population of patients who,
without molecular selection, should be presumed to fare
significantly better with conventional chemotherapy as
initial treatment.

Over the ensuing few years, multiple randomized trials
of molecularly selected patients with EGFR mutations were
conducted, testing first line EGFR TKI vs. chemotherapy.
These studies, whether testing gefitinib (15,16), erlotinib
(17,18) or afatinib (19,20) in Asia or other parts of the
world, have produced overall quite consistent results that
are summarized in Table 1. Notably, several were stopped
early, after an interim analysis demonstrated highly
significant differences favoring the EGFR TKI arm, leading
to termination of study randomization and, in general,
high crossover from chemotherapy to EGFR TKI therapy.
Opverall, these studies reveal a theme of highly superior
response rates and PFS in the arm receiving an EGFR TKI,
relative to conventional chemotherapy, though without a
significant difference in OS. With median PES typically
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in the range of one year, it is overwhelmingly likely that
these EGFR TKis confer a significant survival benefit that
is difficult to measure in trials in which the overwhelming
majority of patients not started on initial EGFR TKI
therapy cross over to receive it later. The fact that EGFR
mutation-positive patients have been shown to live
significantly longer in the era after introduction of EGFR
TKIs (21) provides compelling evidence that this class of
agents improves OS, even if it is unethical to withhold such
an effective therapy now in order to prove that point.

The absence of an OS benefit has been widely attributed
to the high crossover of patients from chemotherapy to
EGFR TKI therapy upon progression. Though an analysis
of pooled results from the LUX-Lung 3 and LUX-Lung
6 trials reported a significant OS benefit among patients
with an EGFR exon 19 deletion (22) the significance of
this finding remains unclear. Notably, the LUX-Lung
7 trial that directly compared afatinib to gefitinib (23),
which has not demonstrated a survival benefit relative to
chemotherapy in EGFR mutation-positive patients, revealed
a significantly prolonged PFS but failed to demonstrate a
superior OS with afatinib. Notably, the results of LUX-
Lung 7 did not indicate any differentially greater activity
of afatinib in patients with an exon 19 deletion compared
to those patients with an EGFR L.858R substitution. These
results call into question the validity of the findings of the
post hoc analysis of the pooled results of the LUX-Lung 3
and LUX-Lung 6 trials.

Over the course of these trials of EGFR mutation-
positive patients receiving EGFR TKIs or chemotherapy;, it
also became clear that the favorable results consistently seen
with EGFR TXKIs applies to the 88-90% of patients with
either of the common, “activating” mutations, specifically
an exon 19 deletion or L858R substitution on exon 21 of
the EGFR gene (24,25). In contrast, a few specific subtypes
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such as G719x and L861Q may be associated with favorable
responses, while others, such as most exon 20 insertions, are
very unlikely to respond (24,25). The approved EGFR TKIs
are specifically indicated for patients with the common,
activating mutations (26-28).

Taken together, the extensive trials of EGFR TKIs in
broad, unselected advanced NSCLC populations and others
focused on patients with activating EGFR mutation-positive
patients produce several clear conclusions. First, patients
whose tumors don’t harbor an activating EGFR mutation
do significantly worse with initial EGFR TKI therapy than
with chemotherapy-based treatment. Second, those patients
with an EGFR mutation-positive cancer consistently
demonstrate a superior RR and PFS with any of the EGFR
TKIs in wide use. While a survival benefit with afatinib has
been identified in a post hoc analysis of pooled trial results,
it has not demonstrated a survival benefit in a head to head
trial with another EGFR TKI. With the current FDA
approval for all of the EGFR TKIs currently limited to
patients with a known activating EGFR mutation, testing
for this marker is the only means by which this significant
minority of patients can receive the prolonged PFS and
almost certainly significantly improved OS that can be
delivered by EGFR TKI therapy.

It may arguably be stated that there is no clear evidence
demonstrating that it is incontrovertibly better to
administer EGFR TKI therapy as first line treatment, as it
has been shown that EGFR TKIs have overall comparable
efficacy if administered as a later line of therapy (9).
Nevertheless, the crossover rate to EGFR TKI therapy in
the various first line trials of EGFR TKIs vs. chemotherapy
invariably falls short of 100% of patients, even those whose
tumor harbors a known EGFR mutation who receive first
line chemotherapy on a trial; depending on the rate of
clinical progression and the practical limitations of the
health care system, a significant fraction of patients may
miss that opportunity. Given the overall far more favorable
therapeutic index of EGFR TKIs than chemotherapy, as
well as the greater efficacy of EGFR TKIs in the central
nervous system (29), EGFR TKI therapy emerges as the
optimal first line patients in whom an activating EGFR
mutation has been identified. Whether a third generation
EGFR TKI such as osimertinib should be favored as first-
line therapy over gefitinib or erlotinib for patients with an
activating mutation is the focus of the FLAURA trial (30).
This study has been reported as positive for its primary
endpoint of PFS (31), though it is presently unknown
whether the magnitude of the difference will be sufficient to
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make it a new standard of care, particularly as osimertinib
is a current appealing second-line option for patients with
progression on gefitinib, erlotinib, or afatinib and whose
cancer harbors the EGFR acquired resistance mutation
T790M (32), as seen in approximately 50-60% of cases of
acquired resistance to one of these agents (33).

ALK

ALK rearrangements were first identified in NSCLC
tumors several years after discovery of the EGFR
mutations (34), with potentially active ALK inhibitors
following very shortly thereafter. Noted in initial series
to be present in approximately 4% of NSCLC tumors,
and disproportionately in younger never-smokers with
an adenocarcinoma (35) ALK rearrangements in cell lines
were subject to inhibition by ALK inhibitors that were
readily brought into clinical development. Crizotinib, in
development at the time largely as a MET inhibitor but
also noted to have activity as an ALK inhibitor (36), was
the subject of a phase I/II study that ultimately enrolled
82 patients (out of approximately 1,500 screened),
demonstrating a RR of 57% and an estimated 6 month
PES of 72% (37), leading to the accelerated approval
of crizotinib for ALK-positive NSCLC in 2011 (38).
This approval generated a second detectable molecular
alteration, in a similar patient population as that in which
EGFR mutations are most commonly identified, for whom
a commercially available and highly efficacious targeted
therapy was available.

With a RR and PFS so clearly superior to that expected
for standard chemotherapy, many in the US began testing
routinely for ALK rearrangements in addition to EGFR
mutations, in anticipation of favoring crizotinib as a first
line therapy. Definitive evidence of the superior efficacy
of crizotinib over chemotherapy in ALK-positive patients
would follow with the results of the PROFILE 1014
trial (39), which demonstrated a significantly superior PFS
(median 10.9 vs. 7.0 months, HR =0.45, P<0.001) and RR
(74% vs. 45%, P<0.001). As was the case in trials of EGFR
TKIs vs. chemotherapy as first line therapy, PROFILE
1014 did not demonstrate a significant difference in OS,
though high crossover to crizotinib upon progression
on initial chemotherapy compromises such an analysis.
Notably, though crizotinib has been generally perceived as
having minimal intracranial activity and being insufficient
to prevent brain metastases, the recipients of crizotinib
demonstrate a significantly lower rate of brain metastases
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Table 2 Efficacy of alectinib in first and second line trials of patients with ALK-positive NSCLC

Study (ref.) N Treatment/setting RR Median PFS (months)
J-ALEX Phase Il (Japanese only) (47) 207 Alectinib vs. crizotinib, first line 85% vs. 70% NR vs. 10.2 (P<0.001)
ALEX, Phase Il (global) (48) 303 Alectinib vs. crizotinib, first line 83% vs. 76% 25.7 vs. 10.4* (P<0.001)
Shaw, Phase Il (40) 87 Alectinib, second line 48% 8.1

*, independent review. ALK, anaplastic lymphoma kinase; NSCLC, non-small cell lung cancer; NR, not reached.

at progression compared to chemotherapy on PROFILE
1014. With greater extracranial as well as intracranial
disease control significantly superior with crizotinib, this
became the clear standard of care as first line therapy for
ALK-positive patients, also providing a clear incentive
for seeking to detect an ALK rearrangement. NCCN
guidelines came to reflect this with a recommendation
to screen patients with non-squamous advanced NSCLC
for both activating EGFR mutations and an ALK
rearrangement.

More recently, several more potent second generation
ALK inhibitors have been studied and proven to have
significant efficacy in ALK-positive patients who are
either intolerant of or refractory to crizotinib. Over the
past several years, patients have benefited from second
line or later ceritinib (40,41), alectinib (42), as well as
brigatinib (43). These agents all have far greater potency as
ALK inhibitors than crizotinib in preclinical studies (44),
and all demonstrate good intracranial efficacy in patients
with measurable brain metastases (45). These findings
have led to second line ALK inhibitors being studied in
the first line setting, with the standard of care evolving
rapidly. Ceritinib was compared to cisplatin/pemetrexed
as first line therapy in the ASCEND-4 trial (46), where
ceritinib demonstrated superiority in the primary endpoint
of PFS (median 16.6 vs. 8.1 months, HR =0.55, P<0.00001)
as well as RR (72.7% vs. 26.7%). Though ceritinib was
FDA approved as first line therapy for ALK inhibitor, its
challenging toxicity profile and lack of comparison to the
most appropriate, current first line standard of care of
crizotinib for ALK-positive NSCLC has limited its uptake in
this setting. Instead, alectinib has demonstrated remarkably
superior efficacy compared to crizotinib as first line therapy
in ALK-positive advanced NSCLC in both the Japanese-
only phase II J-ALEX trial (47) and the larger, global phase
IIT ALEX trial (48) (see Table 2 for efficacy summary).
Notably, the efficacy of alectinib in the first line setting far
exceeds those of alectinib in crizotinib-refractory patients.
At the present time, alectinib has received a breakthrough
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designation and priority review for a first line indication for
ALK-positive patients (49); on the basis of the available data,
it is highly likely to emerge as the clear standard of care as
initial systemic therapy in this setting. Notably, newer ALK
inhibitors, including brigatinib (50), ensartinib (51), and
lorlatinib (52) are also being compared to crizotinib as first-
line therapies in head to head prospective trials and may
also emerge as compelling alternative first line treatment
options.

With alectinib demonstrating an efficacy far exceeding
crizotinib or conventional chemotherapy expectations
for both extracranial and intracranial disease control, and
potentially newer ALK inhibitors becoming available
as comparably or more effective first line therapies for
patients with ALK-positive advanced NSCLC, there is a
clear incentive to not only identify patients with an ALK
rearrangement but to identify them during the initial
evaluation. This is the only means by which such patients
can avail themselves of the very favorable therapeutic index
of alectinib or potentially other agents or combinations
that may prove optimal for this patient population in the
coming years.

ROS1

Though less well studied than EGFR mutations or
ALK rearrangements, ROSI rearrangements have also
emerged as a target for which a targeted therapy has
such significant efficacy that it is considered a critical
marker to detect as soon as feasible. Such rearrangements
are seen in approximately 1-2% of NSCLC tumors,
disproportionately more frequently in younger patients
and never-smokers with a lung adenocarcinoma (52).
In a pivotal series of 50 ROSI-positive patients treated
with crizotinib, the demonstrated RR was 82%,
with a median duration of response of 17.6 months
and median PFS of 19.2 months (53), leading to the
FDA approval of crizotinib for this relatively rare
indication (54). Though not all ALK inhibitors are also
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potent inhibitors of ROSI, ceritinib has also been shown
to have significant activity (55), including documented
activity after acquired resistance to crizotinib (56). At the
present time, however, ceritinib is not FDA approved to
treat ROS1-positive NSCLC.

Additional studies of this relatively rare molecular
subgroup are ongoing at a pace limited by the infrequency
of this marker and the prolonged efficacy of crizotinib in
patients identified as harboring a ROSI rearrangement.
Though patients with a ROSI rearrangement represent
only a very small minority of NSCLC patients, the
remarkable efficacy of crizotinib and potentially ceritinib
as well and potentially other targeted therapies still in
clinical trials underscores the importance of detecting
ROSI to confer the dramatic and prolonged benefit of
ROS1-directed therapy.

Conclusion: what should define the threshold
for making detection of a marker in initial
workup standard of care?

The array of potentially actionable molecular markers in
advanced NSCLC has grown over the past several years,
but these targets vary in the extent of data supporting
their use, the efficacy of available treatments for them,
perhaps modified by their prevalence within the NSCLC
population. Though the threshold for a biomarker as
mandatory to detect is subject to some interpretation,
we might distinguish between biomarkers for which the
RR is at least 50% and median PFS at least 8 months and
those for which our therapies have lower efficacy. For
those patients with an activating EGFR mutation or ALK
or ROSI rearrangement, the efficacy of the associated
targeted therapies reliably falls beyond these numbers
and far exceeds the expected outcomes for conventional
chemotherapy. Moreover, the limited available evidence
on the efficacy of immunotherapy for never-smokers
and patients with driver mutations, particularly EGFR
and ALK, also appears to be far below that seen in other
patients (57), providing further value in detecting a
therapeutically relevant driver mutation to hone treatment
recommendations.

Because these targeted therapies are generally only
available to the subgroup in whom the appropriate
molecular driver has been detected, it is critical to identify
these markers, but this does not equate to a mandate
to identify them in the initial workup, before first line
therapy has been pursued. It is fair to note that there are
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not data that clearly demonstrate a significant advantage
in patients receiving these targeted therapies as first line
vs. subsequent therapy. We can see, however, that in trials
of first line targeted therapy vs. chemotherapy in patients
with an identified biomarker, the crossover rate to what
proves to be optimal first line therapy is inevitably below
100%, sometimes far below that: patients who do not
receive the most efficacious therapy first are prone to miss
that opportunity. In some cases, first progression is in the
CNS and may be accompanied by a prohibitive decline in
performance status that could potentially be obviated by
initiating treatment with the targeted therapy that often
has superior intracranial as well as extracranial efficacy. For
some targeted therapies, such as alectinib, the demonstrated
efficacy in the first line setting appears to be markedly
superior to that of the same therapy later. Overall, the only
definite means by which patients can be assured to receive
the anticipated substantial benefits of the optimal systemic
therapy is by early detection of the relevant molecular
driver followed by initiation of the optimal targeted therapy
as first line treatment.

While other biomarkers that are emerging as candidates
for being considered as an arguable standard of care to
detect in advanced NSCLC, they should be measured
against the anticipated striking efficacy parameters of
EGFR, ALK, and ROSI. By doing so, we can clarify
whether the targeted therapy in question represents a
consistently highly active therapy with sustained benefit
or just one more potential treatment option with a far
more limited likelihood of utility, and likely for a far more
transient duration. In the coming years, many additional
molecular markers will be identified as candidates for
targeted therapies. To prioritize and sequence our
therapies appropriately, we will need to distinguish
between those that should move to the front of the line
and others with far more meager data that can rightfully
be considered but should not displace therapies with far
more established efficacy.
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