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Interview Summary

Recent studies have identified several driver gene mutations in non-small cell lung cancer
(NSCLCQC)."Epidermal growth factor receptor (EGFR) mutations are the second most common
oncogenic driver event in NSCLC.?* Furthermore, the two most common EGFR mutations
are exon 19 deletion and L858R substitution mutation.>” Advances in the understanding
of these mutations have led to new approaches to the diagnosis and the development of
EGFR-targeted therapies, enabling personalised treatment and improved outcomes for
patients with advanced NSCLC.” In this article, four leading experts discuss the expanding
possibilities for patients with EGFR-mutated advanced NSCLC. These valuable insights were
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obtained from a series of interviews conducted with EMJ. The topics discussed include
the epidemiology and emerging treatment paradigm of EGFR-mutated advanced NSCLC.
Consideration is also given to factors that potentially influence the choice of appropriate
treatment for patients, particularly in the first-line setting, in light of recent clinical evidence,
including FLAURA overall survival (OS) data® and RELAY progression-free survival

(PFS) data.®

WHAT ARE THE UNMET NEEDS IN
TREATING NSCLC?
Doctor Maximilian Hochmair

Background and Epidemiology

Worldwide, there were approximately 2.10
million patients diagnosed with, and 177
million deaths caused by, lung cancer in
2018.° Approximately 85% of these cases
were NSCLC," and the majority of patients
presented with advanced disease at diagnosis.”?
Traditionally, NSCLC was classified by histology
but the classification paradigm has evolved
to incorporate molecular subtypes to guide
treatment decision making. One molecular
subtype, EGFR mutations, was discovered
in 2004 to be present in a subset of patients
with NSCLC,®*“ and prevalence has ranged
from 50-60% in Asian populations,>®® 10-
15% in European populations,>*® and 22% in
North American populations.”® The aetiology,
clinicopathological features, prognosis, and
treatment paradigms in patients with EGFR-
mutated NSCLC are distinct when compared
with other NSCLC molecular subtypes.”’31517

Current Treatment

Historically, chemotherapy was recommended
as the first-line treatment in patients with
advanced NSCLC.®?" However, chemotherapy
has significant toxicity, the therapeutic effect
is limited, and the clinical outcomes are
modest (median OS time of 8-10 months and
a 5-year survival rate of approximately 15%).2223
Discovery of mutations within the kinase
domain of the EGFR gene has enabled a new
era of targeted therapy in lung cancer.*>24
EGFR-tyrosine kinase inhibitors (TKI) have
shown significant efficacy, are associated with
fewer side effects, and have improved quality
of life for patients with EGFR-mutated NSCLC,
particularly those harbouring the exon 19
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deletion or L858R.%22533 Currently, there are five
different EGFR-TKI available for first-line use
in EGFR-mutated NSCLC. The first-generation
EGFR-TKI bind competitively and reversibly to
the ATP-binding site of the EGFR tyrosine kinase
domain and include erlotinib and gefitinib.
Second-generation EGFR-TKI include afatinib
and dacomitinib, which can covalently and
irreversibly inhibit the enzymatic activation of
EGFR (T790M), wild-type EGFR, and activating
EGFR mutations. The third-generation EGFR-
TKI osimertinib selectively and irreversibly
blocks EGFR (T790M) and activating EGFR
mutations, but not wild-type EGFR.343¢ Since
2004, there has been a number of randomised
studies clearly showing the benefits of targeted
therapy.6892533

Unmet Needs Associated with
Current Treatment

Dr Hochmair believes that the availability of
three generations of EGFR-TKI with different
clinical profiles has revolutionised the treatment
of EGFR-mutated NSCLC. However, despite
initial clinical response to EGFR-TKI, virtually
all advanced EGFR-mutated NSCLC inevitably
acquire resistance mechanisms and progress
at some point during treatment with gefitinib,
erlotinib, dacomitinib, afatinib, and osimertinib.
The most common acquired resistance to
first- and second-generation EGFR-TKI is via
a unique gatekeeper mutation: the exon 20
point-mutation T790M in the ATP-binding site
of EGFR.*” The T790M mutation activates wild-
type EGFR and increases ATP affinity.?” The
incidence of T790M ranges from 49-63%.384
Other mechanisms of secondary resistance
include activation of HER2, MET, PIK3CA,
BRAF, NFI, FGFR, AXL, and the hedgehog
signalling pathway.*' There are currently no
further targeted therapy options available
following osimertinib failure, and most patients
will proceed to chemotherapy.??>4? Thus, there
is an unmet need in EGFR-mutated advanced
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NSCLC for new treatment strategies, such as
drug combinations, to delay the emergence of
acquired resistance and disease progression.®

Rationale of Dual Blockade
Treatment for EGFR-Mutated
Advanced NSCLC

Angiogenesis and neovascularisation are
critical for the growth, progression, and
metastasis of NSCLC. Therefore, angiogenic
pathways, including vascular endothelial
growth factor (VEGF), fibroblast growth
factor, and platelet-derived growth factor,
are important biologic targets for tumour
growth inhibition. Targeted therapies
include neutralising antibodies to VEGFA
(bevacizumab) and VEGF receptor 2 (VEGFR2)
(ramucirumab), as well as receptor TKI that
have preferential selectivity for the VEGFR.*3
Preclinical studies have demonstrated that
dual blockade of the EGFR and VEGF
pathways improved antitumour activity
compared with inhibition of the EGFR pathway
alone. Several clinical trials have shown
promising results with the combination of the
anti-VEGFA antibody bevacizumab with an
EGFR-TKI; however, conclusions in these trials
were limited by small sample sizes, Asian-
only populations, and open-label designs.>4?
More recently, the RELAY study demonstrated
the benefit of dual blockade treatment with
the monoclonal antibody ramucirumab in
combination with the EGFR-TKI erlotinib.
Ramucirumab is a human IgGl antibody
selective for VEGFR2 that inhibits binding of
the VEGFA, VEGFC, and VEGFD ligands
to VEGFR2. The RELAY study showed a
significantly improved PFS with the
combination of ramucirumab plus erlotinib
versus erlotinib plus placebo as a front-line
treatment for patients with EGFR-mutated
NSCLC. The median PFS for the ramucirumab
combination was higher than observed
historically.6®2>33 These outcomes led Dr
Hochmair to advocate the use of dual blockade
with an antiangiogenic and an EGFR-TKI as
first-line therapy in appropriate patients with
EGFR-mutated NSCLC. He concluded: “The
availability of three generations of EGFR-TKI
with different clinical profiles has revolutionised
the treatment of EGFR-mutated NSCLC. |
believe that liquid-biopsy-based identification
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(versus cobas® [Roche Holding AG, Basel,
Switzerland] EGFR-mutation testing) of EGFR
T790M mutation-mediated resistance can
better inform treatment sequencing decisions
in EGFR-mutated NSCLC. | would advocate the
use of ramucirumab plus erlotinib as first-line
therapy in appropriate patients with EGFR-

mutated NSCLC.”

WHAT DID THE RELAY CLINICAL TRIAL
SHOW?

Professor Martin Reck

RELAY Trial Study Design

RELAY® was a multicentre, double-blind,
randomised clinical trial comparing an anti-
VEGFR2 antibody plus a first-generation
EGFR-TKI to the standard of care alone. The
primary question Prof Reck wanted to answer
was whether the combination regimen could
improve efficacy in EGFR-mutated metastatic
NSCLC. The study enrolled 449 patients in
100 centres in 13 countries. Adult patients
with Stage IV NSCLC, confirmed EGFR exon
19 deletion or L858R mutation, and an Eastern
Cooperative Oncology Group (ECOG)
performance status of O or 1 were eligible for
enrolment. Patients were ineligible if they
had a known EGFR T790M mutation, prior
treatment with an EGFR-TKI or chemotherapy,
or had brain metastases.

Patients were randomised in a 1.1 ratio to
receive either combination therapy with
ramucirumab 10 mg/kg every 2 weeks plus
erlotinib 150 mg/day, or monotherapy with
erlotinib 150 mg/day plus placebo. Patients
were stratified by sex, geographical region,
EGFR mutation type, and EGFR testing method.

The primary endpoint
assessed PFS in the intention-to-treat
population. Independent PFS was also
performed using a centralised radiological
review of CT or MRI scans. Secondary
endpoints included OS, overall response rate,
duration of response (DoR), safety and toxicity,
pharmacokinetics and immunogenicity, and
patient-reported outcomes. Exploratory
endpoints were PFS2 (defined as the time
from randomisation to progression after a

was investigator-
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subsequent therapy) and the identification

of biomarkers.

RELAY Trial Efficacy

At a median follow-up of 20.7 months, the
investigator-assessed median PFS in the
ramucirumab arm was 19.4 months (95%
confidence interval [CIl]: 15.4-21.6), which was
significantly longer than the 12.4 months in the
placebo arm (95% CI: 11.0-13.5; hazard ratio
[HR]: 0.59; 95% CIl: 0.461-0.760; p<0.0001)
(Figure 1).° The 1-year PFS also improved in the
combination (ramucirumab plus erlotinib)
group (71.9%; 95% Cl: 65.1-77.6) compared
with the placebo plus erlotinib group (50.7%;
95% Cl: 43.7-57.3). The blinded independent
radiological review (440 patients had
evaluable scans) and analysis in the per-
protocol population (437 evaluable patients)
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showed PFS results consistent with the primary
investigator-assessed PFS analysis.

In addition, DoR and PFS2 were improved
with ramucirumab plus erlotinib compared
with erlotinib plus placebo (median DoR: 18.0
months [95% CI: 13.9-19.8] versus 11.1 months
[95% CI: 9.7-12.3], respectively, PFS2: HR: 0.690;
95% Cl: 0.490-0.972).

This PFS benefit appeared not to be driven
by an improvement in the overall response
rate, which was not significantly different in
the combination and monotherapy arms (76%
versus 75%). OS data were immature at data
cut-off for this analysis; however, at this stage,
there was no significant difference between
treatment groups. Prof Reck believes that, in
the absence of mature OS data, the favourable
PFS2 that incorporates the next line of therapy
suggest the possibility of OS benefit.

RAM+ERL PBO+ERL
n=224 n=225
Events 122 158
:";g:“"tﬂs) 19.4 12.4
(95% CI) (15.4-21.6) (11.0-13.5)
p value <0.0001

HR (95% CI) 0.591 (0.461-0.760)

18 21 24 27 30 33 36

Time from randomisation (months)

Patients at risk (n):
RAM+ERL 224 196 170 154 133 103
PBO+ERL 225 196 167 136 99 72

69 49 32 20 10 1 0
52 37 27 15 4 4 0

Figure 1: RELAY primary endpoint: investigator-assessed progression-free survival.

Data from Nakagawa K et al. Lancet Oncol. 2019;20(12):1655-1669.°
Consistent PFS benefit by independent, blinded central review (HR: 0.671; 95% Cl: 0.518-0.869; p=0.0022).
Cl: confidence interval; ERL: erlotinib; HR: hazard ratio; PBO: placebo; PFS: progression-free survival; RAM:

ramucirumab.
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At the time the data were presented, 29%
(64/224) of patients in the combination arm
and 19% (43/225) in the monotherapy arm
were still receiving the study treatment.

RELAY Trial Study Safety

No new adverse events (AE) were identified in
this study. The rate of treatment-emergent AE
(TEAE) of at least Grade 3 was higher among
the combination-treated than monotherapy-
treated patients, at 72% and 54%, respectively
(Table 1).° Most of the TEAE could be addressed
with treatment discontinuation or dose
reduction. Hypertension was the most common
TEAE; 24% experienced Grade 3 hypertension
in the combination arm compared with 5%
in the monotherapy arm, and there were
no incidences of Grade 4 or 5 hypertension
in either group. A comparable 13% in the
combination group and 11% in the monotherapy
group discontinued all study drugs because of
TEAE (Table 1). The majority of the observed
bleeding events that occurred were related
to epistaxis and there was no increased rate
of severe pulmonary bleeding events in the

combination arm. Two deaths (0.9%) occurred
in the combination treatment group: one was
considered a related AE (haemothorax) and
one was considered a TEAE not related to study
treatment (encephalitis influenza). No deaths
occurred in the monotherapy group.

To Prof Reck, the most interesting result was
that the PFS benefit in the ramucirumab arm
was observed regardless of mutation type.
This is the first study showing comparable
efficacy rates in both mutation types, as
commonly patients with L858R mutation have
poorer outcomes.

In this study, most subgroups appeared to
have a PFS advantage following the addition
of ramucirumab to erlotinib. Furthermore,
comparable and consistent efficacy was
achieved in both East Asian (75% were Asian)
and non-East Asian populations. The treatment-
emergent, resistance-mediating EGFR T790M
rates were also similar between groups
(p=0.849); ramucirumab plus erlotinib (43%;
95% ClIl: 30-58%) and erlotinib plus placebo
(47%; 95% Cl: 36-58%).

Placebo + erlotinib

Ramucirumab + erlotinib

(n=221) (n=225)
Any TEAE 221 (100.0) 225 (100.0)
Grade 23 159 (71.9) 121 (53.8)
Serious TEAE 65 (29.4) 47 (20.9)
Discontinued all study treatment due to TEAE* 28 (12.7) 24 (10.7)
Discontinued all study treatment due to Grade 23 TEAE 15 (6.8) 13 (5.8)
Discontinued due to SAE 10 (4.5) 9 (4.0)
TEAE leading to dose adjustment, any drug 187 (84.6) 160 (71.1)
Deaths on study treatment due to AE* 2 (0.9) 0 (0.0)

Table 1: RELAY safety overview.

Data from Nakagawa K et al. Lancet Oncol. 2019;20(12):1655-1669.°

*The most frequent reasons for discontinuation because of an AE were increased alanine aminotransferase (n=3,
ramucirumab arm; n=4, placebo arm), paronychia (n=3, ramucirumab; n=0, placebo), and abnormal hepatic function

(n=0, ramucirumab; n=3, placebo).

tOf the two deaths in the ramucirumalb plus erlotinib group, one was considered a related AE (haemothorax) and
one was considered a TEAE not related to study treatment (encephalitis influenza).

Data shown as: n (%).

AE: adverse event; SAE: serious adverse event; TEAE: treatment-emergent adverse event.
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Therefore, both groups could qualify for post-
progression sequential osimertinib therapy. In
summary, Prof Reck considers that the RELAY
trial provided prospective confirmation that
dual blockade with an antiangiogenic agent and
an EGFR inhibitor is a viable and valuable first-
line treatment strategy for patients with EGFR-
mutated metastatic NSCLC. He summarised:
“The RELAY regimen of ramucirumab plus
erlotinib is, therefore, a viable new treatment
option for the initial treatment of patients with

EGFR-mutated advanced NSCLC.”

ARE ALL EGFR-MUTATIONS SIMILAR?

Doctor Ignacio Gil-Bazo

Common EGFR Mutations

NSCLC is associated with a poor prognosis:*4
the 5-year survival for patients with EGFR-

mutated NSCLC is 14.6%.%° The identification of
specific actionable mutations and development
of molecular profiling in advanced NSCLC
has enabled more personalised therapeutic
strategies and resulted in improved outcomes.”®
EGFR, a member of the ErbB receptor TK
family, plays an important role in the
development and progression of NSCLC.#®
EGFR activates JAK, PI3K, reactive oxygen
species, and Ras pathways and overexpression
can cause cell proliferation, angiogenesis,
tumour invasion, metastasis, and inhibition
of cell apoptosis.#* The most common
EGFR mutations are exon 19 deletion (45% of
patients) and L858R mutations (40%).” The
‘uncommon’ EGFR mutations account for
10-18% of all EGFR mutations and primarily
consist of a heterogeneous group of genetic
alterations (exon 18 G719, exon 21 L861, and
exon 20 S768| mutations).>0-52

Study HR (95% CI) Weight (%)
1
1
Maemondo M (2010) | 0.94 (0.35-2.51) 1.88
1
1
Asahina H (2006) - 1.41 (0.28-7.14) 0.69
1
Jackman DM (2006) - : 0.42 (0.18-0.96) 2.61
1
Li JJ (2012) —— 0.78 (0.66-0.91) 71.65
!
Lee VHF (2013) —_— 0.65 (0.42-0.98) 9.82
1
1
LuRL (2014) ————] 0.68 (0.46-1.00) 11.85
1
1
Choi CM (2014) La 0.85 (0.28-2.54) 1.50
1
Overall (12=0.0%; p=0.726) O 0.75 (0.65-0.85) 100.00
(z=4.26; p<0.001)
1
1
1
Note: weights are from random effects analysis :
T T
0.5 1.0 1.5

Figure 2: Progression-free survival with tyrosine kinase inhibitor therapy in patients with EGFR exon 19 deletions

versus L858R mutations.

Based on the data from seven studies, patients with advanced non-small cell lung cancer with exon 19 deletion
benefited from longer progression-free survival than those with an L858R mutation (HR [exon 19/21]: 0.75; 95% ClI:

0.65-0.85; p<0.001).

Cl: confidence interval; EGFR: epidermal growth factor receptor; HR: hazard ratio.

Data from Zhang et al.®?
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More clinicians are requesting EGFR mutation
tests for their patients with NSCLC during initial
diagnosis because of improved detection
techniques, availability of clinical guidelines
and working group recommendations, and the
increased number of testing facilities.>>8

Exons 19 and 21

Several studies have demonstrated that EGFR
is uniguely expressed in tumour tissues,
particularly NSCLC.®"“ Increasing use of
TKI in patients with EGFR-mutated NSCLC
has provided accumulating evidence that
exon 19 deletions and L858R mutations are
associated with differing clinicopathological
characteristics and predictive and prognostic
values and outcomes.”®®® Exon 21 mutations
are more common in females, never-smokers,
adenocarcinomas, and low-grade tumours.” A
pooled meta-analysis of patients with advanced
NSCLC found that patients with exon 19
deletion had significantly reduced risk of
disease progression than those with L858R
mutation, after front-line TKI. Additionally,
patients with exon 19 deletion had a longer
median PFS than those with L858R mutation
(HR [exon 19/21]: 0.75; 95% Cl: 0.65-0.85;
pP<0.001) (Figure 2).5.2 Similar findings were
demonstrated in the recent FLAURA ftrial, a
double-blind, Phase Il trial in 556 patients with
previously untreated, EGFR-mutated (exon
19 deletion or L858R mutation) advanced
NSCLC, which compared osimertinib (a third-
generation EGFR-TKI) to gefitinib or erlotinib
(a first-generation EGFR-TKI). The primary
endpoint  was investigator-assessed PFS.
At baseline, 63% of patients had an exon 19
deletion. The investigator-assessed PFS were
21.4 months (95% CI: 16.5-24.3) and 14.4
months (95% CI: 11.1-18.9) for exon 19 deletion
and L858R mutation, respectively.®?* Dr Gil-
Bazo believes that this difference in PFS may
be because of differing tumour biology (exon
21 tumours are less angiogenic), more efficient
inhibition by EGFR-TKI, and less resistance and
hypersensitivity to reversible EGFR-TK]I.”¢2

Benefit with Ramucirumab
Regardless of Mutation Type

In the RELAY trial, 54% of enrolled patients
had an exon 19 deletion and 45% had an L858R
mutation. Most notably, ramucirumab plus

ONCOLOGY -« January 2021

erlotinib provided PFS benefit across most
of the subgroups, with patients with exon 19
deletions and L858R mutations deriving similar
benefits (19.6 months versus 19.4 months; HR:
0.651 and 0.618, respectively).® Dr Gil Bazo
evaluated the findings: “The PFS benefit with
ramucirumab versus placebo was similar
regardless of mutation type: exon 19 deletion
(19.6 versus 12.5 months) and L858R mutations
(19.4 versus 11.2 months).”

Dr Gil-Bazo explained he felt that the combined
blockage of the VEGFR and EGFR pathways
with ramucirumab plus erlotinio may delay
the emergence of resistance to EGFR-directed
therapy. The clinical implications of this trial
demonstrate that combination therapy with an
antiangiogenic agent and an EGFR inhibitor
should be considered in the first-line setting in
patients with EGFR-mutated advanced NSCLC.°
"The clinical implication of the RELAY study is
that ramucirumab should be considered in the
first-line setting in patients with EGFR-mutated
advanced NSCLC,” he concluded.

WHAT IS THE BEST SEQUENCE OF

TREATMENT FOR EGFR-MUTATED
ADVANCED NSCLC?

Professor Marina Garassino

Personalised Treatment Plans

Historically, standard care prescribed to
patients with cancer was without any tailored
selection, with the exception of the primary
site and histology of the tumour; patients
with NSCLC were exclusively treated with
chemotherapy without selection for histology
or any other biomarker, such as EGFR
mutation.?»??> The era of precision medicine
has revolutionised cancer care by enabling
selection of individual treatment based on
specific biomarkers to reduce toxicity risk and
improve treatment benefits. The therapeutic
armamentarium for NSCLC has expanded
significantly with the emergence of multiple
targeted therapies. NSCLC was once a ‘limited-
survival disease’, but now many patients
are living longer because of personalised,
targeted therapies.®®
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To match a patient’s cancer to the best
treatment, clinicians need to understand the
molecular profile. The use of EGFR-TKI is,
therefore, based on the detection of EGFR
mutations, detected via solid tissue or liquid
biopsies.®* Clinical standards and testing
are rapidly evolving, but based on available
evidence, all patients with advanced NSCLC

should be tested for EGFR mutations.>3

Clinicians now need to consider several
EGFR-TKI and combination strategies for the
treatment of EGFR-mutated NSCLC.
Randomised trials have demonstrated that

second- and third-generation TKI confer
significantly improved PFS versus first-
generation TKI.232 Unfortunately, in the

absence of direct head-to-head studies, it
remains unclear which is the best treatment
strategy for front-line use and for sequencing
of agents to maximise survival benefit.
Furthermore, despite initial clinical response
to EGFR-TKI, acquired resistance and disease
progression is inevitable at some point during
treatment with EGFR-TKI.

mPFS (months) 3 6 9 12 15

Approximately 10.0-14.0 months
Past SOC:

First- or second-
generation
TKl in first line

1st/2nd generation TKI

19.4 months

Alternative SOC:
Erlotinib + ramucirumab
in first line

Erlotinib + ramucirumab

—_

Figure 3: Potential sequencing options for patients with EGFR-mutated advanced non-small cell lung cancer.

18.9 months

Current SOC (FLAURA):
Third-generation TKI in
first line

Osimertinib

If T790M+ (50%) 10.0 months

If T790M- (50%) 5.0 months

Pt-Chemo

Dual blocking of EGFR and VEGF pathways,
with angiogenesis inhibition by neutralising
antibodies such as ramucirumab with an
EGFR-TKI, may be beneficial for improving
treatment outcomes.%43

Clinicians also have an important role in
improving the patient experience with patient-
centred communication and shared decision
making, taking the time to inform, actively
listen, understand needs and preferences, and
assess a patient’s understanding of treatment
options. The following factors should be
considered for personalised treatment: age,
comorbidities, concurrent medications,
patient preference for oral medications,
contraindications, presence of exon 19
deletion mutation, or presence of resistance
mutation T790M.

These outcomes led Prof Garassino to
advocate for an alternative standard of care
with ramucirumab plus erlotinib as first-line
therapy in appropriate patients with EGFR-
mutated NSCLC (Figure 3).2° This would

potentially enable a longer survival benefit
by delaying subsequent osimertinib and
chemotherapy treatment.*®

18 21 24 27 30 mPFS 1+2+3

5.0 months
Pt-Chemo

Osimertinib

If T790M+ (50%) 10.0 months 5.0 months

Osimertinib Pt-Chemo 34.0 months
If T790M- (50%) 5.0 months
24.0 months
Pt-Chemo
5.0 months
Pt-Chemo 24.0 months

mPFS: median progression-free survival; Pt-Chemo: platinum chemotherapy; SOC: standard of care; TKI: tyrosine

kinase inhibitor.
Adapted from Pérol.%®

Creative Commons Attribution-Non Commercial 4.0

January 2021 « ONCOLOGY

25.0-29.0 months

15.0-19.0 months


https://creativecommons.org/licenses/by-nc/4.0/


This novel therapeutic approach, along
with shared decision making, has expanded
possibilities for patients with EGFR-mutated
advanced NSCLC. “These outcomes lead
me to advocate for an alternative standard
of care with ramucirumab plus erlotinib as
first-line therapy in appropriate patients
with  EGFR-mutated NSCLC. This would
potentially enable a longer survival benefit,
by delaying subsequent osimertinib,” Prof

Garassino explained.

CONCLUSION

Patients with advanced EGFR-mutated NSCLC
have an unmet need for additional first-line

treatment options that provide clinically
meaningful  benefits, including delaying
References
1. Osmani et al. Current WHO 7.

guidelines and the critical role of
immunohistochemical markers in
the subclassification of non-small
cell lung carcinoma (NSCLC):
moving from targeted therapy to
immunotherapy. Semin Cancer Biol.
2018;52(Pt 1):103-9.

2016;6:31636.

2. Harrison PT et al. Rare epidermal
growth factor receptor (EGFR)
mutations in non-small cell
lung cancer. Semin Cancer Biol.
2019;61:167-79.

3. Sholl LM et al. Multi-institutional
oncogenic driver mutation analysis
in lung adenocarcinoma: The
Lung Cancer Mutation Consortium
Experience. J Thorac Oncol.
2015;10(5):768-77.

10. Bray F et al. Global cancer statistics
2018: GLOBOCAN estimates of
incidence and mortality worldwide
for 36 cancers in 185 countries. CA
Cancer J Clin. 2018;68(6):394-424.

4. Barlesi F et al. Routine molecular
profiling of patients with advanced
non-small-cell lung cancer: results
of a 1-year nationwide programme
of the French Cooperative
Thoracic Intergroup (IFCT). Lancet.
2016;387(10026):1415-26.

5. ShiY et al. Molecular epidemiology
of EGFR mutations in Asian patients
with advanced non-small-cell lung
cancer of adenocarcinoma histology
- mainland China subset analysis
of the PIONEER study. PLoS One.
2015;10(11):e0143515.

6. Fukuoka M et al. Biomarker analyses
and final overall survival results from
a Phase lll, randomized, open-label,
first-line study of gefitinib versus
carboplatin/paclitaxel in clinically
selected patients with advanced non-
small-cell lung cancer in Asia (IPASS).
J Clin Oncol. 2011;29(21):2866-74.

Jin Y et al. Differences among lesions 4.
with exon 19, exon 21 EGFR mutations

and wild types in surgically resected
non-small cell lung cancer. Sci Rep.

8. Ramalingam SS et al.; FLAURA 15.
Investigators. Overall survival with
osimertinib in untreated, EGFR-
mutated advanced NSCLC. N Engl J
Med. 2020;382(1):41-50.

9. Nakagawa K et al.; RELAY Study 16.
Investigators. Ramucirumab plus
erlotinib in patients with untreated,
EGFR-mutated, advanced non-
small-cell lung cancer (RELAY): a
randomised, double-blind, placebo-
controlled, Phase 3 trial. Lancet
Oncol. 2019;20(12):1655-69.

1. Hamilton G et al. Small cell lung
cancer: circulating tumor cells of
extended stage patients express a
mesenchymal-epithelial transition
phenotype. Cell Adh Migr.
2016;10(4):360-7.

12. Crino L et al.; ESMO Guidelines
Working Group. Early stage and
locally advanced (non-metastatic)
non-small-cell lung cancer: ESMO
Clinical Practice Guidelines for
diagnosis, treatment and follow-up.
Ann Oncol. 2010;21(Suppl 5):v103-15.

disease progression and the emergence of
acquired resistance. Increasing the selection
of first-line treatment options for patients with
EGFR-mutated advanced NSCLC provides
clinicians with greater strategic choices.
These include how to use the available drugs to
limit toxicity, provide the best chance of long-
term PFS, potentially prolong time on targeted
therapy, and delay time to chemotherapy.
Furthermore, recent data suggest therapeutic
additivity, if not synergy, for the concurrent
use of monoclonal antibodies targeting
angiogenesis with EGFR-TKI. PFS now
exceeds 19 months with front-line combination
ramucirumab and erlotinib therapy, and with
appropriate sequencing, this approach could
potentially prolong time on targeted therapy
and delay chemotherapy, resulting in improved
patient outcomes.

Lynch TJ et al. Activating mutations in
the epidermal growth factor receptor
underlying responsiveness of non-
small-cell lung cancer to gefitinib. N
Engl J Med. 2004;350(21):2129-39.

Liu L et al. Comprehensive genomic
profiling of lung cancer using a
validated panel to explore therapeutic
targets in East Asian patients. Cancer
Sci. 2017;108(12):2487-94.

Zhang YL et al. The prevalence

of EGFR mutation in patients

with non-small cell lung cancer: a
systematic review and meta-analysis.
Oncotarget. 2016;7(48):78985-93.

17. Steuer CE et al. Role of race in
oncogenic driver prevalence and
outcomes in lung adenocarcinoma:
results from the Lung Cancer
Mutation Consortium. Cancer.
2016;122(5):766-72.

18. Midha A et al. EGFR mutation
incidence in non-small-cell lung
cancer of adenocarcinoma histology:
a systematic review and global map
by ethnicity (mutMapll). Am J Cancer
Res. 2015;5(9):2892-911.

19. Hirsch FR et al. Combination of
EGFR gene copy number and protein
expression predicts outcome for
advanced non-small-cell lung cancer
patients treated with gefitinib. Ann
Oncol. 2007;18(4):752-60.

20. Hirsch FR, Bunn PA Jr. EGFR testing
in lung cancer is ready for prime time.
Lancet Oncol. 2009;10(5):432-3.

21. Mitsudomi T et al. Mutations of the
epidermal growth factor receptor
gene predict prolonged survival
after gefitinib treatment in patients

13. Paez J et al. EGFR mutations in
lung cancer: correlation with clinical
response to gefitinib therapy. Science.
2004;304(5676):1497-500.

1 ONCOLOGY + January 2021


https://www.emjreviews.com/


22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

B3

with non-small-cell lung cancer with
postoperative recurrence. J Clin
Oncol. 2005;23(11):2513-20.

NSCLC Meta-Analyses Collaborative
Group. Chemotherapy in addition to
supportive care improves survival in
advanced non-small-cell lung cancer:
a systematic review and meta-
analysis of individual patient data
from 16 randomized controlled trials.
J Clin Oncol. 2008;26(28):4617-25.

Boolell V et al. The evolution
of therapies in non-small cell
lung cancer. Cancers (Basel).
2015;7(3):1815-46.

Riely GJ et al. Update on epidermal
growth factor receptor mutations
in non-small cell lung cancer. Clin
Cancer Res. 2006;12(24):7232-41.

Mok TS et al. Gefitinib or
carboplatin-paclitaxel in pulmonary
adenocarcinoma. N Engl J Med.
2009;361(10):947-57.

Zhou C et al. Erlotinib versus
chemotherapy as first-line treatment
for patients with advanced EGFR
mutation-positive non-small-cell lung
cancer (OPTIMAL, CTONG-0802): a
multicentre, open-label, randomised,
Phase 3 study. Lancet Oncol.
2011;12(8):735-42.

Rosell R et al. Erlotinib versus
standard chemotherapy as first-line
treatment for European patients
with advanced EGFR mutation-
positive non-small-cell lung cancer
(EURTAC): a multicentre, open-label,
randomised Phase 3 trial. Lancet
Oncol. 2012;13(3):239-46.

Sequist LV et al. Phase Il study

of afatinib or cisplatin plus
pemetrexed in patients with
metastatic lung adenocarcinoma
with EGFR mutations. J Clin Oncol.
2013;31(27):3327-34.

Wu YL et al. Afatinib versus cisplatin
plus gemcitabine for first-line
treatment of Asian patients with
advanced non-small-cell lung cancer
harbouring EGFR mutations (LUX-
Lung 6): an open-label, randomised
Phase 3 trial. Lancet Oncol.
2014;15(2):213-22.

Park K et al. Afatinib versus gefitinib
as first-line treatment of patients
with EGFR mutation-positive non-
small-cell lung cancer (LUX-Lung 7):
a Phase 2B, open-label, randomised
controlled trial. Lancet Oncol.
2016;17(5):577-89.

Wu YL et al. Dacomitinib versus
gefitinib as first-line treatment

for patients with EGFR-mutation-
positive non-small-cell lung cancer
(ARCHER 1050): a randomised, open-
label, Phase 3 trial. Lancet Oncol.
2017;18(11):1454-66.

Soria JC et al. Osimertinib in
untreated EGFR-mutated advanced
non-small-cell lung cancer. N Engl J
Med. 2018;378(2):113-25.

Saito H et al. Erlotinib plus

34.

&5,

36.

37.

38.

39.

40.

41.

42.

43.

45.

Creative Commons Attribution-Non Commercial 4.0

bevacizumab versus erlotinib alone
in patients with EGFR-positive
advanced non-squamous non-
small-cell lung cancer (NEJO26):
interim analysis of an open-label,
randomised, multicentre, Phase 3
trial. Lancet Oncol. 2019;20(5):625-
35.

Sullivan I, Planchard D. Next-
generation EGFR tyrosine kinase
inhibitors for treating EGFR-mutant
lung cancer beyond first line. Front
Med (Lausanne). 2017;3:76.

Wang X et al. Next-generation EGFR/
HER tyrosine kinase inhibitors for the
treatment of patients with non-small-
cell lung cancer harboring EGFR
mutations: a review of the evidence.
Onco Targets Ther. 2016;9:5461-73.

Yamamoto N et al. Observational
study of sequential afatinib and
osimertinib in EGFR mutation-
positive NSCLC: patients treated with
a 40-mg starting dose of afatinib.
Adv Ther. 2020;37(2):759-69.

Yun CH et al. The T790M mutation
in EGFR kinase causes drug
resistance by increasing the affinity
for ATP. Proc Natl Acad Sci U S A.
2008;105(6):2070-5.

Sequist LV et al. Genotypic and
histological evolution of lung
cancers acquiring resistance to
EGFR inhibitors. Sci Trans| Med.
2011;3(75):75ra26.

Matsuo N et al. Association of EGFR
exon 19 deletion and EGFR-TKI
treatment duration with frequency
of T790M mutation in EGFR-mutant
lung cancer patients. Sci Rep.
2016;6:36458.

Jenkins S et al. EGFR mutation
analysis for prospective patient
selection in two Phase Il registration
studies of osimertinib. J Thorac
Oncol. 2017;12(8):1247-56.

Della Corte CM et al. Antitumor
efficacy of dual blockade of

EGFR signaling by osimertinib in
combination with selumetinib or
cetuximab in activated EGFR human
NCLC tumor models. J Thorac Oncol.
2018;13(6):810-20.

Hochmair MJ. How can better
identification of T790M help to inform
treatment sequencing decisions in
EGFR mutation-positive non-small-
cell lung cancer? Future Oncol.
2019;15(25):2895-8.

Villaruz LC, Socinski MA. The role of
anti-angiogenesis in non-small-cell
lung cancer: an update. Curr Oncol
Rep. 2015;17(6):26.

. Cancer.Net. Lung cancer - non-small

cell: statistics. 2020. Available at:
https://www.cancer.net/cancer-types/
lung-cancer-non-small-cell/statistics.
Last accessed: 18 February 2020.

Lin JJ et al. Five-year survival in
EGFR-mutant metastatic lung
adenocarcinoma treated with EGFR-
TKls. J Thorac Oncol. 2016;11(4):556-

46.

47.

48.

49.

50.

Sl

52.

53

54.

55

56.

57.

58.

65.

Zheng HC. The molecular mechanism
of chemoresistance in cancers.
Oncotarget. 2017;8(35):59950-64.

Sordella R et al. Gefitinib-sensitizing
EGFR mutations in lung cancer
activate anti-apoptotic pathways.
Science. 2004;305(5687):1163-7.

Ciardiello F, Tortora G. EGFR
antagonists in cancer treatment. N
Engl J Med. 2008;358(11):1160-74.

Cooper WA et al. Molecular biology
of lung cancer. J Thorac Dis.
2013;5(Suppl 5):5479-90.

Beau-Faller M et al. Rare EGFR

exon 18 and exon 20 mutations in
non-small-cell lung cancer on 10 117
patients: a multicentre observational
study by the French ERMETIC-IFCT
network. Ann Oncol. 2014;25(1):126-
31.

Krawczyk P et al. Prevalence of rare
EGFR gene mutations in non-small-
cell lung cancer: a multicenter study
on 3856 Polish Caucasian patients.
Ann Oncol. 2016;27(2):358-9.

Chiu CH et al. Epidermal growth
factor receptor tyrosine kinase
inhibitor treatment response in
advanced lung adenocarcinomas with
G719X/L861Q/S768| mutations. J
Thorac Oncol. 2015;10(5):793-9.

National Comprehensive Cancer
Network (NCCN). Practice guidelines
in oncology. Non-small cell lung
cancer. 2020. Available at: https://
www.nccn.org/professionals/
physician_gls/pdf/nscl.pdf. Last
accessed: 18 February 2020.

National Institute for Health and

Care Excellence (NICE). EGFR-TK
mutation testing in adults with locally
advanced or metastatic non-small-
cell lung cancer. 2013. Available at:
http://www.nice.org.uk/guidance/dg9.
Last accessed: 18 February 2020.

Keedy VL et al. American Society of
Clinical Oncology provisional clinical
opinion: epidermal growth factor
receptor (EGFR) mutation testing for
patients with advanced non-small-
cell lung cancer considering first-

line EGFR tyrosine kinase inhibitor
therapy. J Clin Oncol. 2011;29(15):2121-
7.

Pirker R et al. Consensus for EGFR
mutation testing in non-small

cell lung cancer: results from a
European workshop. J Thorac Oncol.
2010;5(10):1706-13.

Eberhard DA et al. Biomarkers

of response to epidermal growth
factor receptor inhibitors in non-
small-cell lung cancer working
group: standardization for use in
the clinical trial setting. J Clin Oncol.
2008;26(6):983-94.

Choi YL et al. EGFR mutation testing
in patients with advanced non-small
cell lung cancer: a comprehensive
evaluation of real-world practice in

January 2021 « ONCOLOGY


https://creativecommons.org/licenses/by-nc/4.0/


12

59.

60.

an East Asian tertiary hospital. PLoS
One. 2013;8(2):e56011.

Riely GJ et al. Clinical course of
patients with non-small cell lung
cancer and epidermal growth
factor receptor exon 19 and exon 21
mutations treated with gefitinib or
erlotinib. Clin Cancer Res. 2006;12(3
Pt 1):839-44.

Lee VH et al. Association of exon 19
and 21 EGFR mutation patterns with
treatment outcome after first-line
tyrosine kinase inhibitor in metastatic
non-small-cell lung cancer. J Thorac

ONCOLOGY -« January 2021

61.

62.

63.

Oncol. 2013;8(9):1148-55.

Rossi S et al. Different EGFR gene
mutations in exon 18, 19 and 21 as
prognostic and predictive markers in
NSCLC: a single institution analysis.
Mol Diagn Ther. 2016;20(1):55-63.

Zhang Y et al. Patients with exon 19
deletion were associated with longer
progression-free survival compared
to those with L858R mutation after
first-line EGFR-TKIs for advanced
non-small cell lung cancer: a meta-

analysis. PLoS One. 2014;9(9):e107161.

Mascaux C et al. Personalised

64.

65.

medicine for nonsmall cell
lung cancer. Eur Respir Rev.
2017;26(146):170066.

Merker JD et al. Circulating tumor
DNA analysis in patients with

cancer: American Society of Clinical
Oncology and College of American
Pathologists joint review. J Clin Oncol.
2018;36(16):1631-41.

Pérol M. Chemotherapy and
antiangiogenic therapy in 2019: who
needs it? Oral abstract presentation.
ASCO Annual Meeting, 31 May-4
June, 2019.


https://www.emjreviews.com/


