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ABSTRACT

Introduction: EGFR gene mutations are drivers of NSCLC.
The RELAY double-blind, placebo (PBO)-controlled phase 3
study revealed superior progression-free survival (PFS) for
ramucirumab plus erlotinib (RAM þ ERL) versus PBO
(PBO þ ERL) in patients with untreated advanced NSCLC
and an EGFR-activating mutation. This exploratory analysis
evaluated potential associations between EGFR exon 19
deletion (ex19del) variants and clinical outcomes.

Methods: Patients (N ¼ 449) were randomized (1:1) to
RAM plus ERL or PBO plus ERL. Plasma samples were
collected at baseline, on treatment, and at 30-day post-
study treatment discontinuation follow-up. Baseline and
treatment-emergent gene alterations were investigated by
Guardant360 next-generation sequencing. Patients with a
valid baseline plasma sample and ex19del were included
(RAM þ ERL, n ¼ 62; PBO þ ERL, n ¼ 72).

Results: The most common ex19del variant was
E746_A750del (67.2%); EGFR E746 deletions (E746del)
occurred more frequently than L747 deletions (74.6% versus
25.4%, respectively). TP53 mutations were the most
frequently co-occurring baseline gene alterations. With treat-
ment arms combined, median PFS was 18.0 months versus
12.5 months for patients with uncommon (non-E746_A750del,
n ¼ 44) versus common (E746_A750del, n ¼ 90) ex19del
variants (hazard ratio [HR] ¼ 1.657 [95% confidence interval
or CI:1.044–2.630]). Median PFS was longer with RAM plus
ERL versus PBO plus ERL for patients with the common (15.2
versus 9.9 mo; HR ¼ 0.564 [95% CI: 0.344–0.926]) and
E746del (15.4 versus 9.9 mo; HR ¼ 0.587 [95% CI: 0.363–
0.951]) variants. Treatment-emergent post-progression EGFR
T790M rates were higher in the common versus uncommon
and E746del versus L747 deletion subgroups.

Conclusions: RAM plus ERL provides benefit and improves
treatment outcomes for patients with metastatic NSCLC
with EGFR ex19del variants.

� 2023 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND
JTO Clinical and Research Reports Vol. 5 No. 2: 100624
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Introduction
Mutations in the EGFR gene occur in approximately

10% to 20% of White and 40% to 60% of Asian patients
with NSCLC.1 The most common EGFR-activating muta-
tions are in-frame deletions (dels) of exon 19 (approxi-
mately 50%) and an L858R point mutation in exon 21
(approximately 40%).1,2 The first-line standard of care
for EGFR mutation-positive NSCLC is EGFR tyrosine ki-
nase inhibitor (TKI) therapy,3,4 but eventually all pa-
tients will develop treatment resistance.5

EGFR exon 19 del (ex19del) mutations consist of
distinct molecular variants and represent a heteroge-
neous disease entity.6,7 The most common ex19del
variant is E746_A750del, detected in 63% to 72% of
patients with EGFR ex19del.6,8,9 E746_A750del results
from the deletion of five amino acids between the third
b-strand of the EGFR tyrosine kinase domain and its key
regulatory aC-helix in the EGFR protein (Fig. 1A and B).7

Other EGFR exon 19 variants, referred to as uncommon
variants, include dels and or insertions (delins), with the
most frequent variants encompassing the amino acids
from codons E746 to L747.6 Distinct EGFR ex19del
variants have different in vitro sensitivities to different
EGFR TKIs.7,10,11 Furthermore, different clinical out-
comes of EGFR TKIs have been associated with distinct
EGFR ex19del variants8,9,12–19; however, conflicting re-
sults have been reported. Some studies with EGFR TKIs
have revealed improved or comparable efficacy for pa-
tients with the common variant (E746_A750del),13,14,16

whereas other studies have revealed improved or com-
parable efficacy for patients with uncommon (non-
E746_A750del) ex19del variants.12,15,18 After first-line
EGFR TKI therapy, acquired T790M resistance is re-
ported to occur more frequently in patients with the
common (E746_A750del) ex19del variant versus uncom-
mon variants.9,20–22 Osimertinib, as subsequent therapy
after first-line EGFR TKI treatment for T790M-positive
patients,23 has been reported to improve progression-
free survival (PFS) and overall survival outcomes to a
greater extent for T790M-positive patients with the com-
mon ex19del variant versus uncommon ex19del vari-
ants,15 and E746del variants versus non-E746del
variants.24 Nevertheless, information on the impact of
dual inhibition on the EGFR and vascular endothelial
growth factor (VEGF) pathways on outcomes in patients
with ex19del variants is lacking. Furthermore, no
prospective randomized study evaluating the association
of ex19del variants with clinical outcomes has been
reported.

The RELAY global, double-blind, placebo (PBO)-
controlled phase 3 study revealed superior PFS for
ramucirumab (RAM), a human IgG1 VEGF receptor 2
antagonist, plus erlotinib (ERL; RAM þ ERL) compared
with PBO plus ERL (PBO þ ERL) in the first-line treat-
ment of patients with EGFR mutation-positive (ex19del
or exon 21 L858R), metastatic NSCLC.25 Median PFS was
19.4 months (95% confidence interval [CI]: 15.4–21.6)
with RAM plus ERL versus 12.4 months (95% CI: 11.0–
13.5) with PBO plus ERL (hazard ratio [HR] ¼ 0.59, 95%
CI: 0.46–0.76, p < 0.0001). Median PFS among patients
with ex19del was 19.6 months (95% CI: 15.1–22.2) with
RAM plus ERL versus 12.5 months (11.1–15.3) with PBO
plus ERL; median PFS among patients with an exon 21
L858R mutation was 19.4 months (95% CI: 14.1–21.9)
with RAM plus ERL versus 11.2 months (9.6–13.8) with
PBO plus ERL.26 The objective of this post hoc explor-
atory analysis was to evaluate the potential association
between EGFR ex19del variants and clinical outcomes
using prospective data from the RELAY global phase 3
study.

Materials and Methods
Study Design

Study design and patient eligibility have been previ-
ously published.25 Briefly, RELAY is a global, double-blind,
PBO-controlled phase 3 study of patients with untreated
EGFR-mutated metastatic NSCLC (ClinicalTrials.gov:
NCT02411448). Randomized patients (1:1) received
either intravenous RAM (10 mg/kg) or matching PBO
every 2 weeks with oral ERL (150 mg) daily.25 Patients
continued therapy until disease progression, unacceptable
toxicity, withdrawal of consent, noncompliance, or inves-
tigator decision. An exploratory liquid biopsy biomarker
study was conducted in the global intent-to-treat (ITT)
RELAY population. The study was conducted in accor-
dance with the Declaration of Helsinki, the Council for
International Organizations of Medical Sciences Interna-
tional Ethical Guidelines, Good Clinical Practice guidelines,
and local guidelines. Local institutional review boards
approved the protocol and addendum for each site; all
patients provided written informed consent.

Study Population
For the RELAY randomized study,25 eligible patients

met the following criteria: stage IV NSCLC; eligible for
first-line treatment with ERL on the basis of EGFR
ex19del or exon 21 L858R mutation; Eastern Coopera-
tive Oncology Group performance status of 0 or 1;
measurable disease according to Response Evaluation

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Figure 1. Structure of the EGFR protein and baseline EGFR ex19del variants in the RELAY TR population. (A) EGFR protein
structure. (B) Schematic representation of the b2-activation loop encoded by exons 18, 19, 20, and 21. (C) Multiple sequence
alignment of EGFR wild-type and EGFR ex19del variants identified in the RELAY TR population. TR population comprised
patients in the RELAY ITT population with a valid baseline plasma sample with an ex19del variant detected. ATP, adenosine
triphosphate; del, deletion; delins, deletion and insertion; E746del, E746 deletion; ERL, erlotinib; ex19del, exon 19 deletion;
ITT, intent-to-treat; L747del, L747 deletion; PBO, placebo; RAM, ramucirumab; TR, translational research.EGFR protein
image (part A) created with the Protein Data Bank (https://www.rcsb.org/3d-view/ngl/1m17) ID: IM17 and associated
publication, NGL Viewer (Rose AS, et al. NGL Viewer: web-based molecular graphics for large complexes. Bioinformatics.
2018;34:3755-3758. https://doi.org/10.1093/bioinformatics/bty419), and RCSB PDB.

February 2024 EGFR Ex19Del Variants and Treatment Outcomes 3
Criteria in Solid Tumours version 1.1; and adequate
hematologic and organ function with a urinary protein
less than or equal to 1þ on dipstick or routine urinalysis.
Patients were excluded if they had an EGFR T790M
mutation, central nervous system (CNS) metastases,
uncontrolled hypertension, or a history of substantial
bleeding.

For this post hoc analysis, the translational research
(TR) population comprised patients in the RELAY ITT
population with a valid baseline plasma sample (i.e., a

https://www.rcsb.org/3d-view/ngl/1m17
https://doi.org/10.1093/bioinformatics/bty419
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plasma sample that passed quality control) with an EGFR
ex19del variant detected by Guardant360 next-
generation sequencing (NGS) (Guardant Health, Red-
wood City, CA).
Outcome Measures
The primary end point of the RELAY randomized

portion was PFS according to Response Evaluation
Criteria in Solid Tumours version 1.1. PFS was defined as
the time from randomization to disease progression or
death from any cause. Secondary end points included
objective response rate (ORR), disease control rate
(DCR), and duration of response (DoR) as previously
reported.25 Exploratory end points of this post hoc
analysis included the association of ex19del variants
with patient and disease characteristics, co-occurring
gene alterations at baseline, clinical outcomes (PFS,
ORR, DCR, and DoR), and treatment-emergent gene al-
terations at disease progression. Adverse events (AEs)
were graded using the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events version
4.0.
EGFR Mutation and Co-Occurring Gene
Alteration Evaluation

For RELAY, patients were included if they had
documented evidence of a tumor that had an ex19del or
an exon 21 L858R substitution mutation by local testing
of tumor tissue and preplanned confirmatory central
EGFR testing had been conducted. Plasma samples were
collected before the first dose of the study drug, on day 1
of cycle 4, and at the 30-day treatment discontinuation
follow-up. Gene alterations co-occurring with an EGFR
ex19del variant were assessed in plasma by Guar-
dant360 NGS.

EGFR Ex19del Subgroups
For this post hoc analysis, patients were divided into

two pairs of subgroups according to their EGFR ex19del
variant: (1) common (E746_A750del variant) versus
uncommon (non-E746_A750del ex19del variants); and
(2) E746del (ex19del mutations starting from codon
E746) versus L747del (ex19del mutations starting from
codon L747).

Statistical Analysis
Data cutoff was January 23, 2019. The TR popula-

tion comprised all patients who received at least one
dose of the study treatment and had a valid baseline
plasma sample with an EGFR ex19del variant. Baseline
gene alterations are reported for patients in the TR
population with a valid baseline plasma sample with
an ex19del variant detected. Treatment-emergent gene
alterations are reported for patients with a valid
plasma sample with an ex19del variant detected at
baseline and a post-progression 30-day follow-up
plasma sample with any alteration detected. The
Kaplan-Meier method was used to generate curves and
estimate median PFS and DoR. A Cox proportional
hazards regression model was used to estimate HRs
with 95% CIs for PFS and DoR. The Wilson score in-
terval method was used to calculate 95% CIs for ORR
and DCR. p values for comparison between patient
subgroups were calculated using the likelihood-ratio
chi-square test. All analyses were conducted for each
patient subgroup (common versus uncommon;
E746del versus L747del) and by treatment arm
(RAM þ ERL; PBO þ ERL). Number and percentage of
patients in each subgroup who received post-treatment
discontinuation osimertinib treatment as any subse-
quent therapy are summarized. No statistical compar-
isons were made between the ex19del variants within
the treatment arms. Safety was summarized as the
number and percentage of patients reporting each AE
by subgroup and treatment arm. Analyses were con-
ducted using SAS 9.4 (SAS Institute Inc., Cary, NC) and
R 4.1.2 (R Core Team, R Foundation for Statistical
Computing, Vienna, Austria).
Results
Demographic and Baseline Clinical
Characteristics

The RELAY ITT population comprised 449 patients
(RAM þ ERL, n ¼ 224; PBO þ ERL, n ¼ 225); 243 pa-
tients (54.1%) had an ex19del mutation on the basis of
local testing.25 Of the 449 patients, 390 (86.9%) had
assessable baseline plasma Guardant360 NGS results.
The TR population for this post hoc analysis comprised
134 patients with a valid baseline plasma sample posi-
tive for an EGFR ex19del variant (common, n ¼ 90; un-
common, n ¼ 44; E746del, n ¼ 100; L747del, n ¼ 34;
Supplementary Fig. 1).

In the TR population, the most common ex19del
variant was E746_A750del occurring in 90 patients
(67.2%); the second most common variant was
L747_P753delinsS occurring in 13 patients (9.7%;
Fig. 1C). E746_A750del occurred at a lower frequency
(62.9% versus 70.8%, respectively) and L747_P753de-
linsS occurred at a higher frequency (12.9% versus
6.9%, respectively) in the RAM plus ERL arm compared
with the PBO plus ERL arm (Fig. 1C). In the TR popula-
tion, dels starting with E746 occurred in 100 patients
(74.6%) and dels starting from L747 occurred in 34
patients (25.4%). E746del variants occurred at a lower
frequency (69.4% versus 79.2%, respectively) and
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L747del variants occurred at a higher frequency (30.6%
versus 20.8%, respectively) in the RAM plus ERL arm
compared with the PBO plus ERL arm (Fig. 1C).

Patient and disease characteristics at baseline were
comparable between the common and uncommon sub-
groups and between the E746del and L747del sub-
groups, with the exception of smoking history. Smoking
history (ever smokers, never smokers, and unknown)
was statistically significantly different between the
common versus uncommon subgroups (p ¼ 0.0101;
Supplementary Table 1) and numerically different be-
tween E746del versus L747del subgroups (p ¼ 0.0761;
Supplementary Table 1), with the proportion of never
smokers being greater in the uncommon versus common
subgroup (75.0% versus 52.2%, respectively) and in the
L747del versus E746del subgroup (73.5% versus 55.0%,
respectively; Supplementary Table 1).

Within the RAM plus ERL arm, patient and disease
characteristics at baseline were comparable and no sta-
tistically significant differences were observed between
the common and uncommon subgroups and between the
E746del and L747del subgroups (Table 1). Within the
PBO plus ERL arm, smoking history was statistically
significantly different between the common versus un-
common subgroups (p ¼ 0.0007) and E746del versus
L747del subgroups (p ¼ 0.0039), and the distribution of
sex was significantly different between the common
versus uncommon subgroups (p ¼ 0.0148) and E746del
versus L747del subgroups (p ¼ 0.0112; Table 1). No
other statistically significant differences were observed
between the subgroups.
Baseline Co-Occurring Gene Alterations
TP53 was the most common co-occurring gene

alteration at baseline in all ex19del patient subgroups
(Table 2 and Supplementary Fig. 2): common subgroup:
RAM plus ERL, 21 of 39 patients, PBO plus ERL, 37 of 51
patients; uncommon subgroup: RAM plus ERL, 14 of 23
patients, PBO plus ERL, 12 of 21 patients; E746del
subgroup: RAM plus ERL, 23 of 43 patients, PBO plus
ERL, 38 of 57 patients; and L747del subgroup: RAM plus
ERL, 12 of 19 patients, PBO plus ERL, 11 of 15 patients.
Apparent differences in co-occurring gene alterations at
baseline in the common subgroup were BRCA2 (RAM þ
ERL, three of 39 patients; PBO þ ERL, zero of 51 pa-
tients) and ESR1 (RAM þ ERL, zero of 39 patients;
PBO þ ERL, four of 51 patients), and in the uncommon
subgroup was NF1 (RAM þ ERL, three of 23 patients;
PBO þ ERL, zero of 21 patients); in the E746del sub-
group were AR (RAM þ ERL, three of 43 patients; PBO þ
ERL, zero of 57 patients), BRCA2 (RAM þ ERL, three of
43 patients; PBO þ ERL, zero of 57 patients), DDR2
(RAM þ ERL, three of 43 patients; PBO þ ERL, zero of 57
patients), and ESR1 (RAM þ ERL, zero of 43 patients;
PBO þ ERL, four of 57 patients); and in the L747del
subgroup was CDK6 (RAM þ ERL, four of 19 patients;
PBO þ ERL, zero of 15 patients).

Efficacy
Overall median PFS (RAM þ ERL and PBO þ ERL

arms combined) was 18.0 months versus 12.5 months
for patients in the uncommon subgroup versus the
common subgroup (HR ¼ 1.657, 95% CI: 1.044–2.630;
Fig. 2A) and 15.1 months versus 12.5 months for pa-
tients in the L747del subgroup versus the E746del
subgroup (HR ¼ 1.348, 95% CI: 0.825–2.202; Fig. 2B).
By treatment arm, median PFS was longer in the
common and E746del subgroups in the RAM plus ERL
arm versus the PBO plus ERL arm (Fig. 2C and D).
Median PFS (RAM þ ERL versus PBO þ ERL, respec-
tively) was 15.2 months versus 9.9 months (HR ¼
0.564, 95% CI: 0.344–0.926) for the common sub-
group and 19.4 months versus 13.9 months (HR ¼
0.654, 95% CI: 0.282–1.515) for the uncommon sub-
group (Fig. 2C); 15.4 months versus 9.9 months (HR ¼
0.587, 95% CI: 0.363–0.951) for the E746del sub-
group and 18.0 months versus 12.5 months (HR ¼
0.605, 95% CI: 0.246–1.489) for the L747del subgroup
(Fig. 2D).

ORR and DCR were greater than 80% in each treat-
ment arm for each ex19del variant subgroup (Table 3).
Median DoR (RAM þ ERL versus PBO þ ERL, respec-
tively) was 14.1 months versus 8.4 months (HR ¼ 0.618,
95% CI: 0.369–1.035) in the common subgroup and 13.8
months versus 11.3 months (HR ¼ 0.693, 95% CI:
0.305–1.574) in the uncommon subgroup (Fig. 2E); and
14.1 months versus 9.6 months (HR ¼ 0.695, 95% CI:
0.424–1.141) in the E746del subgroup and 13.8 months
versus 11.0 months (HR ¼ 0.515, 95% CI: 0.208–1.273)
in the L747del subgroup (Fig. 2F).
Treatment-Emergent Gene Alterations After
Disease Progression

On disease progression, treatment-emergent EGFR
T790M mutations were more frequent in the common
subgroup (43.8%; 21 of 48 patients [RAM þ ERL, six of
15 patients; PBO þ ERL, 15 of 33 patients]) versus the
uncommon subgroup (21.4%; three of 14 patients
[RAM þ ERL, one of five patients; PBO þ ERL, two of
nine patients]), and in the E746del subgroup (42.0%; 21
of 50 patients [RAM þ ERL, six of 15 patients; PBO þ
ERL, 15 of 35 patients]) versus the L747del subgroup
(25.0%; three of 12 patients [RAM þ ERL, one of five
patients; PBO þ ERL, two of seven patients]), regardless
of treatment arm (Table 4). TP53 mutations were
observed in the common subgroup but not in the



Table 1. Baseline Patient Demographics and Characteristics by EGFR Ex19del Subgroup and Treatment Arm (TR Population)

Characteristics,
n (%)

Common (n ¼ 90) Uncommon (n ¼ 44) E746del (n ¼ 100) L747del (n ¼ 34)

RAM þ ERL
(n ¼ 39)

PBO þ ERL
(n ¼ 51)

RAM þ ERL
(n ¼ 23)

PBO þ ERL
(n ¼ 21)

RAM þ ERL
(n ¼ 43)

PBO þ ERL
(n ¼ 57)

RAM þ ERL
(n ¼ 19)

PBO þ ERL
(n ¼ 15)

Sexa

Female 24 (61.5) 26 (51.0) 10 (43.5) 17 (81.0) 26 (60.5) 30 (52.6) 8 (42.1) 13 (86.7)
Male 15 (38.5) 25 (49.0) 13 (56.5) 4 (19.0) 17 (39.5) 27 (47.4) 11 (57.9) 2 (13.3)

Age, y
Median (range) 59 (27–83) 62 (23–82) 60 (41–73) 63 (35–73) 62 (27–83) 62 (23–82) 60 (41–73) 63 (35–73)
<65 24 (61.5) 31 (60.8) 16 (69.6) 13 (61.9) 26 (60.5) 35 (61.4) 14 (73.7) 9 (60.0)
�65 15 (38.5) 20 (39.2) 7 (30.4) 8 (38.1) 17 (39.5) 22 (38.6) 5 (26.3) 6 (40.0)

Raceb

Asian 28 (71.8) 38 (74.5) 18 (78.3) 16 (76.2) 31 (72.1) 41 (71.9) 15 (78.9) 13 (86.7)
White 11 (28.2) 13 (25.5) 5 (21.7) 4 (19.0) 12 (27.9) 16 (28.1) 4 (21.1) 1 (6.7)
Missing 0 0 0 1 (4.8) 0 0 0 1 (6.7)

Smoking historyc

Ever 14 (35.9) 23 (45.1) 6 (26.1) 1 (4.8) 15 (34.9) 23 (40.4) 5 (26.3) 1 (6.7)
Never 23 (59.0) 24 (47.1) 14 (60.9) 19 (90.5) 26 (60.5) 29 (50.9) 11 (57.9) 14 (93.3)
Unknown 2 (5.1) 4 (7.8) 3 (13.0) 1 (4.8) 2 (4.7) 5 (8.8) 3 (15.8) 0

ECOG Performance status
0 20 (51.3) 30 (58.8) 14 (60.9) 9 (42.9) 21 (48.8) 31 (54.4) 13 (68.4) 8 (53.3)
1 19 (48.7) 21 (41.2) 9 (39.1) 12 (57.1) 22 (51.2) 26 (45.6) 6 (31.6) 7 (46.7)

Note: TR population comprised patients in the RELAY ITT population with a valid baseline plasma sample with an ex19del variant detected.
aDistribution of sex was statistically significantly different between the common versus uncommon subgroups (p ¼ 0.0148) and E746del versus L747del subgroups (p ¼ 0.0112) within the PBO plus ERL arm.
bRace was statistically significantly different between the E746del versus L747del subgroups within the PBO plus ERL arm (p ¼ 0.0393).
cWithin the PBO plus ERL arm, smoking history was statistically significantly different between the common versus uncommon subgroups (p ¼ 0.0007) and E746del versus L747del subgroups (p ¼ 0.0039).
E746del, E746 deletion; ECOG, Eastern Cooperative Oncology Group; ERL, erlotinib; ex19del, exon 19 deletion; ITT, intent-to-treat; L747del, L747 deletion; PBO, placebo; RAM, ramucirumab; TR, translational
research.
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Table 2. Baseline Co-Occurring Gene Alterations by EGFR Ex19del Subgroup and Treatment Arm (TR Population)

Genetic Region,
n (%)

Common (n ¼ 90) Uncommon (n ¼ 44) E746del (n ¼ 100) L747del (n ¼ 34)

RAM þ ERL
(n ¼ 39)

PBO þ ERL
(n ¼ 51)

RAM þ ERL
(n ¼ 23)

PBO þ ERL
(n ¼ 21)

RAM þ ERL
(n ¼ 43)

PBO þ ERL
(n ¼ 57)

RAM þ ERL
(n ¼ 19)

PBO þ ERL
(n ¼ 15)

APC 2 (5.1) 4 (7.8) 3 (13.0) 2 (9.5) 2 (4.7) 5 (8.8) 3 (15.8) 1 (6.7)
AR 2 (5.1) 0 2 (8.7) 0 3 (7.0) 0 1 (5.3) 0
ARID1A 3 (7.7) 1 (2.0) 0 1 (4.8) 3 (7.0) 1 (1.8) 0 1 (6.7)
BRAF 2 (5.1) 7 (13.7) 4 (17.4) 1 (4.8) 2 (4.7) 7 (12.3) 4 (21.1) 1 (6.7)
BRCA1 1 (2.6) 6 (11.8) 2 (8.7) 1 (4.8) 1 (2.3) 6 (10.5) 2 (10.5) 1 (6.7)
BRCA2 3 (7.7) 0 0 0 3 (7.0) 0 0 0
CDK4 1 (2.6) 4 (7.8) 0 0 1 (2.3) 4 (7.0) 0 0
CDK6 4 (10.3) 3 (5.9) 4 (17.4) 1 (4.8) 4 (9.3) 4 (7.0) 4 (21.1) 0
CTNNB1 6 (15.4) 2 (3.9) 1 (4.3) 2 (9.5) 6 (14.0) 2 (3.5) 1 (5.3) 2 (13.3)
DDR2 2 (5.1) 0 2 (8.7) 0 3 (7.0) 0 1 (5.3) 0
ESR1 0 4 (7.8) 0 0 0 4 (7.0) 0 0
FGFR2 1 (2.6) 3 (5.9) 0 0 1 (2.3) 3 (5.3) 0 0
GNAS 1 (2.6) 1 (2.0) 0 2 (9.5) 1 (2.3) 1 (1.8) 0 2 (13.3)
KIT 0 2 (3.9) 2 (8.7) 0 0 2 (3.5) 2 (10.5) 0
MET 2 (5.1) 2 (3.9) 4 (17.4) 2 (9.5) 2 (4.7) 3 (5.3) 4 (21.1) 1 (6.7)
MTOR 2 (5.1) 1 (2.0) 0 0 2 (4.7) 1 (1.8) 0 0
MYC 2 (5.1) 2 (3.9) 0 2 (9.5) 2 (4.7) 3 (5.3) 0 1 (6.7)
NF1 1 (2.6) 6 (11.8) 3 (13.0) 0 1 (2.3) 6 (10.5) 3 (15.8) 0
NRAS 1 (2.6) 0 0 2 (9.5) 1 (2.3) 1 (1.8) 0 1 (6.7)
PDGFRA 1 (2.6) 3 (5.9) 1 (4.3) 0 1 (2.3) 3 (5.3) 1 (5.3) 0
PIK3CA 8 (20.5) 11 (21.6) 3 (13.0) 2 (9.5) 9 (20.9) 11 (19.3) 2 (10.5) 2 (13.3)
RB1 0 2 (3.9) 2 (8.7) 2 (9.5) 0 3 (5.3) 2 (10.5) 1 (6.7)
SMAD4 2 (5.1) 3 (5.9) 2 (8.7) 2 (9.5) 2 (4.7) 3 (5.3) 2 (10.5) 2 (13.3)
SMO 2 (5.1) 0 0 0 2 (4.7) 0 0 0
TP53 21 (53.8) 37 (72.5) 14 (60.9) 12 (57.1) 23 (53.5) 38 (66.7) 12 (63.2) 11 (73.3)

Note: Occurring in at least 5% of patients with either common or uncommon variants or E746del variants. TR population comprised patients in the RELAY ITT population with a plasma sample with an ex19del variant
detected at baseline.
E746del, E746 deletion; ERL, erlotinib; ex19del, exon 19 deletion; ITT, intent-to-treat; L747del, L747 deletion; PBO, placebo; RAM, ramucirumab; TR, translational research.
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Patient group
Common
Uncommon

Median, mo HR (95% CI)
12.5 1.657
18.0 (1.044–2.630)

Median, mo HR (95% CI)
12.5 1.348
15.1 (0.825–2.202)

Patient group
E746del
L747del

)IC %59( RHpuorg tneitaP Median, mo
Common RAM + ERL 15.2 0.564
Common PBO + ERL 9.9 (0.344–0.926)
Uncommon RAM + ERL 0.65419.4
Uncommon PBO + ERL 13.9 (0.282–1.515)

)IC %59( RHpuorg tneitaP Median, mo
Common RAM + ERL 14.1 0.618
Common PBO + ERL 8.4 (0.369–1.035)
Uncommon RAM + ERL 0.69313.8
Uncommon PBO + ERL 11.3 (0.305–1.574)

HR (95% CI)Median, mo
15.4 0.587
9.9 (0.363–0.951)

0.60518.0
12.5 (0.246–1.489)

Patient group
E746del RAM + ERL
E746del PBO + ERL
L747del RAM + ERL
L747del PBO + ERL

HR (95% CI)Median, mo
14.1 0.695
9.6 (0.424–1.141)

0.51513.8
11.0 (0.208–1.273)

Patient group
E746del RAM + ERL
E746del PBO + ERL
L747del RAM + ERL
L747del PBO + ERL

A

C

E

B

D

F

90 84 69 57 39 26 20 13 7 7 2 1 0
44 38 36 32 25 18 13 9 5 3 2 0 0

Number at risk

100 92 76 64 45 31 24 17 9 8 2 1 0
34 30 29 25 19 13 9 5 3 2 2 0 0

Number at risk

39 35 32 29 21 14 9 6 3 3 1 0 0
51 49 37 28 18 12 11 7 4 4 1 1 0
23 19 18 16 12 9 6 5 4 3 2 0 0
21 19 18 16 13 9 7 4 1 0 0 0 0

Number at risk
43 38 35 32 23 16 11 8 5 4 1 0 0
57 54 41 32 22 15 13 9 4 4 1 1 0
19 16 15 13 10 7 4 3 2 2 2 0 0
15 14 14 12 9 6 5 2 1 0 0 0 0

Number at risk

34 31 29 24 19 12 6 3 1 1 0 0 0
45 40 29 22 12 10 8 5 5 1 1 1 0
20 18 17 13 9 6 4 3 2 2 1 0 0
19 18 17 12 8 6 4 0 0 0 0 0 0

Number at risk
38 34 32 26 20 13 7 4 1 1 0 0 0
50 45 33 26 16 13 10 5 5 1 1 1 0
16 15 14 11 8 5 3 2 2 2 1 0 0
14 13 13 8 4 3 2 0 0 0 0 0 0

Number at risk

Time, mo Time, mo

Time, mo Time, mo

Time, mo Time, mo

Figure 2. Kaplan-Meier curves of PFS and DoR by ex19del subgroups and by treatment arm. (A) PFS, common versus un-
common ex19del variants. (B) PFS, E746del versus L747del variants. (C) PFS by treatment arm, common versus uncommon
ex19del variants. (D) PFS by treatment arm, E746del versus L747del variants. (E) DoR by treatment arm, common versus
uncommon ex19del variants. (F) DoR by treatment arm, E746del versus L747del variants. Population comprised RELAY ITT
patients with a valid plasma sample with an ex19del variant detected at baseline. CI, confidence interval; DoR, duration of
response; E746del, E746 deletion; ex19del, exon 19 deletion; HR, hazard ratio; ITT, intent-to-treat; L747del, L747 deletion;
PFS, progression-free survival.
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uncommon subgroup, and in the E746del subgroup but
not the L747del subgroup (Table 4). Within the common
and E746del patient subgroups, treatment-emergent
TP53 mutations were statistically significantly more
frequent in the RAM plus ERL arm versus the PBO plus
ERL arm (common: RAM þ ERL, 40.0% [six of 15 pa-
tients] versus PBO þ ERL, 9.1% [three of 33 patients],
p ¼ 0.0141; E746del: RAM þ ERL, 40.0% [six of 15
patients] versus PBO þ ERL, 8.6% [three of 35
patients]; p ¼ 0.0110). Overall, patients with uncommon
variants or L747del variants more frequently had no
treatment-emergent mutations compared with patients
with the common or E746del variants.

Metastases at Disease Progression
No CNS metastases were observed at disease pro-

gression in the RAM plus ERL arm in any ex19del
subgroup (Supplementary Table 2). In the PBO plus
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ERL arm, CNS metastases were observed in one patient
each in the common and uncommon subgroups and
two patients in the E746del subgroup (Supplementary
Table 2). The presence of new liver metastases at
disease progression was observed in one patient in the
RAM plus ERL arm of each ex19del subgroup. In the
PBO plus ERL arm, new liver metastases were
observed in one patient each in the uncommon and
L747del subgroups and in two patients each in the
common and E746del subgroups (Supplementary
Table 2).

Post-Treatment Discontinuation Osimertinib
Treatment

In patients who discontinued the study treatment,
more than 50% of the patients in each ex19del subgroup
received osimertinib treatment as any subsequent ther-
apy: common subgroup: 37 of 71 patients (52.1%); the
uncommon subgroup: 14 of 24 patients (58.3%);
E746del subgroup: 39 of 74 patients (52.7%); and
L747del subgroup: 12 of 21 patients (57.1%).

Safety
In the TR safety population, all patients in all sub-

groups had greater than or equal to 1 treatment-
emergent AEs (TEAEs; Supplementary Table 3). The
proportion of patients with treatment-related grade
greater than or equal to 3 AEs was slightly higher in the
RAM plus ERL arm compared with the PBO plus ERL arm
in all patient subgroups. Between patient subgroups,
treatment-related grade greater than or equal to 3 AEs
generally occurred at a higher frequency in the uncom-
mon versus common subgroups and in the L747del
versus E746del subgroups, respectively. No patient in
the TR safety population died due to an AE related to the
study treatment.
Discussion
This is the first report to use prospective data from a

global phase 3 study to evaluate potential associations
between EGFR ex19del variants and clinical outcomes
for combination treatment with an EGFR TKI and an
angiogenesis inhibitor. In this study of patients from the
RELAY phase 3 trial,25 the distribution of common
(E746_A750del variant) versus uncommon (non-
E746_A750del variants) ex19del variants at baseline
was similar to that reported in previous studies.6,8,9 In
all ex19del subgroups, RAM plus ERL had consistent
improvements in PFS compared with PBO plus ERL. After
disease progression, a higher proportion of patients with
the common ex19del variant was positive for treatment-
emergent EGFR T790M, suggesting potentially different
resistance mechanisms between ex19del variants.



Table 4. Treatment-Emergent Gene Alterations Occurring After Disease Progression by EGFR Ex19del Subgroup

Genetic
Region, n (%)

Common (n ¼ 48) Uncommon (n ¼ 14) E746del (n ¼ 50) L747del (n ¼ 12)

RAM þ ERL
(n ¼ 15)

PBO þ ERL
(n ¼ 33)

RAM þ ERL
(n ¼ 5)

PBO þ ERL
(n ¼ 9)

RAM þ ERL
(n ¼ 15)

PBO þ ERL
(n ¼ 35)

RAM þ ERL
(n ¼ 5)

PBO þ ERL
(n ¼ 7)

APC 1 (6.7) 0 1 (20.0) 1 (11.1) 1 (6.7) 0 1 (20.0) 1 (14.3)
ARID1A 1 (6.7) 1 (3.0) 0 0 1 (6.7) 1 (2.9) 0 0
BRAF 1 (6.7) 1 (3.0) 0 1 (11.1) 1 (6.7) 1 (2.9) 0 1 (14.3)
BRCA2 0 1 (3.0) 0 0 0 1 (2.9) 0 0
CCNE1 1 (6.7) 0 0 0 1 (6.7) 0 0 0
CDK4 0 1 (3.0) 1 (20.0) 0 0 1 (2.9) 1 (20.0) 0
CDK6 0 0 1 (20.0) 0 0 0 1 (20.0) 0
EGFR T790M 6 (40.0) 15 (45.5) 1 (20.0) 2 (22.2) 6 (40.0) 15 (42.9) 1 (20.0) 2 (28.6)
EGFR other 1 (6.7) 3 (9.1) 1 (20.0) 1 (11.1) 1 (6.7) 3 (8.6) 1 (20.0) 1 (14.3)
ERBB2 0 1 (3.0) 1 (20.0) 0 0 1 (2.9) 1 (20.0) 0
FGFR1 1 (6.7) 0 0 0 1 (6.7) 0 0 0
FGFR2 1 (6.7) 2 (6.1) 1 (20.0) 0 1 (6.7) 2 (5.7) 1 (20.0) 0
GNAS 1 (6.7) 0 0 0 1 (6.7) 0 0 0
KIT 1 (6.7) 0 0 0 1 (6.7) 0 0 0
KRAS 2 (13.3) 1 (3.0) 1 (20.0) 0 2 (13.3) 1 (2.9) 1 (20.0) 0
MAP2K2 0 1 (3.0) 0 0 0 1 (2.9) 0 0
MAPK3 1 (6.7) 0 0 0 1 (6.7) 0 0 0
MET 1 (6.7) 1 (3.0) 0 0 1 (6.7) 1 (2.9) 0 0
MTOR 0 1 (3.0) 0 0 0 1 (2.9) 0 0
NF1 2 (13.3) 1 (3.0) 0 0 2 (13.3) 1 (2.9) 0 0
PDGFRA 1 (6.7) 0 0 0 1 (6.7) 0 0 0
PIK3CA 1 (6.7) 0 0 1 (11.1) 1 (6.7) 0 0 1 (14.3)
RB1 1 (6.7) 0 0 0 1 (6.7) 0 0 0
SMAD4 1 (6.7) 0 0 0 1 (6.7) 0 0 0
STK11 0 0 0 1 (11.1) 0 0 0 1 (14.3)
TP53a 6 (40.0) 3 (9.1) 0 0 6 (40.0) 3 (8.6) 0 0
TSC1 1 (6.7) 0 0 0 1 (6.7) 0 0 0
No treatment-
emergent gene
alterations

3 (20.0) 14 (42.4) 2 (40.0) 5 (55.6) 3 (20.0) 16 (45.7) 2 (40.0) 3 (42.9)

Note: Population consists of patients in the TR population with a valid plasma sample with an ex19del variant detected at baseline and a post-study treatment discontinuation 30-day follow-up sample with any gene
alteration detected.
aTP53 mutations were statistically significantly more frequent in the RAM plus ERL arm versus the PBO plus ERL arm in the common subgroup (p ¼ 0.0141) and E746del subgroup (p ¼ 0.0110); no other statistically
significant differences were observed across the treatment arms.
E746del, E746 deletion; ERL, erlotinib; ex19del, exon 19 deletion; L747del, L747 deletion; PBO, placebo; RAM, ramucirumab; TR, translational research.
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February 2024 EGFR Ex19Del Variants and Treatment Outcomes 11
Furthermore, patients with uncommon ex19del variants
more frequently had no treatment-emergent gene alter-
ations compared with those with the common variant.
When patients were classified into subgroups according
to the EGFR exon 19 deleted codon (E746del variants
versus L747del variants), results for the E746del sub-
group were similar to those for the common variant,
which is a subset of the E746del subgroup, and L747del
results were similar to the uncommon subgroup. These
results suggest that the type of EGFR ex19del variant does
not affect RAM plus ERL treatment outcomes. Neverthe-
less, the results of these post hoc analyses should be
interpreted with caution due to the small sample sizes.

Baseline patient and disease characteristics did not
reveal any phenotypic difference between ex19del vari-
ants, except for patients with the uncommon and
L747del variants more frequently being never smokers.
This differs from what was observed in a retrospective
study of Chinese patients with NSCLC, where more pa-
tients with the common/E746del variants were never
smokers compared with patients with uncommon/
L747del variants.9 In a second retrospective study of
Chinese patients with NSCLC, most patients were never
smokers but no difference was observed between the
E746del and L747del subgroups.18 Similarly, in an Ital-
ian study of patients with metastatic NSCLC, more than
half the patients were never smokers but the proportion
of never smokers was similar between the ex19del
variants.16 In the current study, the higher frequency of
never smokers among patients with uncommon and
L747del variants may be related to the better clinical
outcomes. TP53 mutations are regarded to be more
prevalent in patients with a smoking history than in
never smokers.27 The most frequent concurrent baseline
alteration in all ex19del variants in the current study
was a TP53 mutation, and its frequency varied among
the treatment arms (53.8%–73.2%), as noted
previously.15

In the current study, ex19del variants were deter-
mined in cell-free circulating tumor DNA, which only
captures “shedding tumors,”28 and not from tumor tis-
sue. Circulating tumor DNA–positive tumors are gener-
ally associated with worse treatment outcomes,29 and
this may, in part, explain why the median PFS for the
different ex19del variants in this study was generally
lower than that reported for patients with an ex19del
mutation in the RELAY ITT population.26 When evalu-
ating combined treatment arms in the current study, PFS
was statistically significantly longer for patients with
uncommon (non-E746_A750del) variants versus those
with the common (E746_A750del) variant (18.0 mo
versus 12.5 mo, respectively). When analyzed by treat-
ment arm, RAM plus ERL had statistically significant
improvements in PFS compared with PBO plus ERL in
patients with the common variant (15.2 mo versus 9.9
mo, respectively) and E746del variants (15.4 mo versus
9.9 mo, respectively) and marginal improvements in
patients with uncommon variants and those with
L747del variants, but sample size was small; therefore,
interpretation of these outcomes should be considered
with caution. A similar PFS benefit for patients with
uncommon (non-E746_A750del) variants or L747del
variants has been reported. In a retrospective case-
control comparative study, a significantly longer PFS
was reported for patients with uncommon variants who
received first-line EGFR TKI therapy versus those with
the common variant (19 mo versus 13 mo, p ¼
0.0016).15 In two retrospective studies of patients who
received first-generation EGFR TKIs as initial therapy,
median PFS was longer for L747del versus E746del
subgroups but was not statistically significantly
different.12,18

Nevertheless, other studies have revealed the
converse, with longer PFS being reported for patients
with the common variant and E746del variants. In two
observational studies of patients who received first-line
EGFR TKI therapy (ERL or gefitinib), significantly
longer PFS was observed for patients with E746del
variants versus L747del variants.13,14 In addition,
among patients treated with first-line EGFR TKIs
(gefitinib or afatinib), longer PFS was observed for
those with the common variant versus uncommon
variants, and with E746del versus L747del variants
(14.4 mo versus 11.9 mo for both analyses), but the
differences were not statistically significant.16 In a
prospective study of patients treated with either first-,
second-, or third-generation EGFR TKIs, PFS was longer
for patients with E746 insertions and deletions than for
those with L747 insertions and deletions.30 In a retro-
spective study of patients treated with the third-
generation EGFR TKI osimertinib as initial therapy,
the common ex19del variant E746_A750del was asso-
ciated with improved PFS compared with the ex19del
variant L747_A750>P.19

Other studies have reported no difference in PFS for
patients with E746del variants compared with L747del
variants, including a prospective study of patients
treated with afatinib monotherapy.8 In a retrospective
study of patients with ex19del variants treated with
first-line EGFR TKIs, no difference was observed be-
tween E746del and L747del subgroups, but multivariate
analysis revealed that ex19del subtypes had a marginal
effect on PFS (p ¼ 0.051).9 The conflicting differences
observed for ex19del variants may be explained in part
by the drug type; however, Zhao et al.9 found no differ-
ence in PFS between ex19del subgroups treated with
different EGFR TKIs (gefitinib, ERL, icotinib), and,
therefore, other biological mechanisms might have
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potentially contributed to the conflicting clinical out-
comes reported.

Although patients with the common ex19del variant
were more likely to have a treatment-emergent gene
alteration on disease progression than patients with
uncommon ex19del variants, not all treatment-
emergent gene alterations are involved in acquisition
of treatment resistance. A higher proportion of patients
with the common ex19del variant was positive for a
treatment-emergent TP53 gene alteration compared
with patients with uncommon ex19del variants. The
analyses conducted in the current study were based on
plasma, and the presence of a TP53 gene alteration on
disease progression could be related to the tumor
burden, tumor distribution, shedding ability of that tu-
mor, or the relatively small sample sizes. This could
explain why a TP53 gene alteration emerged in some
patients who did not have a TP53 mutation at baseline.
Higher rates of treatment-emergent EGFR T790M in
patients with the common ex19del variant than the
uncommon variants were observed in this study, as
reported previously,9,20–22 and in patients with E746del
than in those with other variants.31 These results
further support the idea that different resistance
mechanisms exist between ex19del variants. Because
the EGFR T790M emergent rate is higher in patients
with the common ex19del variant than in those with
uncommon ex19del variants,9,20–22 and because osi-
mertinib was found to have better efficacy for T790M-
positive patients with the common ex19del
variant,15,24 sequential RAM plus ERL and osimertinib
treatment could be considered as a treatment option for
patients with the common ex19del variant.

The strength of this post hoc analysis was that data
from a large randomized, PBO-controlled, global study
were used to evaluate clinical outcomes of patients
with ex19del variants. Previous studies reporting on
outcomes of different treatments in patients with
different ex19del variants have been based largely on
retrospective analyses from chart reviews with small
sample sizes. Furthermore, this study is the first global
phase 3 study to evaluate the impact of dual EGFR and
VEGF pathway inhibition on the outcomes of ex19del
variants.

This post hoc exploratory analysis had several
limitations. Although randomization did not stratify
patients by ex19del variant subtype, patient and dis-
ease characteristics, with the exception of smoking
history, were comparable between the ex19del sub-
groups at baseline. Only patients with assessable
baseline plasma Guardant360 NGS results positive for
an EGFR ex19del variant were included in this analysis,
which may have led to a selection bias. The number of
patients for whom valid baseline plasma samples were
available was small; results should be viewed with
caution. Time-to-event data may also be biased toward
patients who progressed and discontinued study
treatment because patients who were still on treat-
ment were not included.

These results support RAM plus ERL as a suitable
first-line treatment to provide benefit and improve out-
comes for patients with metastatic NSCLC with EGFR
ex19del variants. Understanding the potential impact of
different EGFR ex19del variants on treatment outcomes
and their mechanism of resistance may help inform
treatment decisions.
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