
ORIGINAL ARTICLE
RELAY: Final Overall Survival for Erlotinib Plus
Ramucirumab or Placebo in Untreated, EGFR-
Mutated Metastatic NSCLC
Kazuhiko Nakagawa, MD, PhD,a,* Edward B. Garon, MD, MS,b Takashi Seto, MD, PhD,c

Makoto Nishio, MD, PhD,d Santiago Ponce Aix, MD,e Luis Paz-Ares, MD, PhD,e

Chao-Hua Chiu, MD,f Keunchil Park, MD, PhD,g,1 Silvia Novello, MD, PhD,h

Ernest Nadal, MD, PhD,i Kazumi Nishino, MD, PhD,j Kiyotaka Yoh, MD,k

Jin-Yuan Shih, MD, PhD,l Jeannie Y. K. Chik, M.B.B.S.,m

Denis Moro-Sibilot, MD, PhD,n Tarun Puri, MD,o Sunoj Chacko Varughese, MSc,p

Bente Frimodt-Moller, MSc,q Carla Visseren-Grul, MD,r Martin Reck, MD, PhDs
aDepartment of Medical Oncology, Faculty of Medicine, Kindai University, Osaka Japan
bDepartment of Medicine, David Geffen School of Medicine at University of California Los Angeles, Translational Research
in Oncology US Network, Los Angeles, California
cNHO Kyushu Cancer Center, Fukuoka, Japan
dDepartment of Thoracic Medical Oncology, The Cancer Institute Hospital of the Japanese Foundation for Cancer Research,
Tokyo, Japan
eHospital Universitario 12 de Octubre, Madrid, Spain
fTaipei Cancer Center, Taipei Medical University Hospital, and College of Medicine, Taipei Medical University, Taipei, Taiwan
gUniversity of Texas, MD Anderson Cancer Center, Houston, Texas
hDepartment of Oncology, University of Turin, at San Luigi Hospital Orbassano, Italy
iDepartment of Medical Oncology, Catalan Institute of Oncology (CIO), and Preclinical and Experimental Research in
Thoracic Tumors group, Oncobell, l’Institutd’Investigació Biomèdica de Bellvitge (IDIBELL), L’Hospitalet, Barcelona, Spain
jDepartment of Thoracic Oncology, Osaka International Cancer Institute, Osaka, Japan
kNational Cancer Center Hospital East, Kashiwa, Japan
lDepartment of Internal Medicine, National Taiwan University Hospital, Taipei, Taiwan
mDepartment of Clinical Oncology, Queen Elizabeth Hospital, Kowloon, Hong Kong, China
nThoracic Oncology Unit–Pulmonology, Grenoble University Hospital, Grenoble, France
oEli Lilly and Company, Indianapolis, Indiana
pStatistics, Eli Lilly Services India Pvt. Ltd., Bengaluru, India
qEli Lilly Denmark A/S, Copenhagen, Denmark
rEli Lilly Netherlands, Utrecht, the Netherlands
sDepartment of Thoracic Oncology, LungenClinic, Airway Research Center North, German Center for Lung Research,
Grosshansdorf, Germany

Received 9 October 2024; revised 26 November 2024; accepted 27 November 2024
Available online - 30 November 2024

*Corresponding author.

1At the time the research took place at Division of Hematology-
Oncology, Samsung Medical Center, Sungkyunkwan University School of
Medicine, Seoul, South Korea.

A Study of Ramucirumab (LY3009806) in Combination With Erlotinib in
Previously Untreated Participants With EGFR Mutation-Positive
Metastatic NSCLC (RELAY).

Address for correspondence: Kazuhiko Nakagawa, MD, PD, Department
of Medical Oncology, Faculty of Medicine, Kindai University, Osaka 589-
8511, Japan. E-mail: nakagawa@med.kindai.ac.jp

Cite this article as: Nakagawa K, Garon EB, Seto T, et al. RELAY: Final
overall survival for erlotinib plus ramucirumab or placebo in untreated,
EGFR-mutated metastatic NSCLC. J Thorac Oncol 2025;20:487-499.

ª 2024 International Association for the Study of Lung Cancer.
Published by Elsevier Inc. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

ISSN: 1556-0864

https://doi.org/10.1016/j.jtho.2024.11.032
ABSTRACT

Introduction: RELAY, a global double-blind, placebo-
controlled phase 3 study (NCT02411448) found statistically
significant improvement in progression-free survival (pri-
mary end point) for ramucirumab (RAM) plus erlotinib
(ERL) (RAM þ ERL) in patients with untreated EGFR-
mutated metastatic NSCLC (hazard ratio [HR] ¼ 0.59, 95%
confidence interval [CI]: 0.46–0.76, p < 0.0001; median
progression-free survival: 19.4 versus 12.4 mo). Here, we
report the final overall survival (OS; secondary end point)
outcomes for the intention-to-treat population.

Methods: Between January 2016 and February 2018, 449
eligible patients with an EGFR exon 19del or L858R
Journal of Thoracic Oncology Vol. 20 No. 4: 487–499

mailto:nakagawa@med.kindai.ac.jp
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jtho.2024.11.032
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtho.2024.11.032&domain=pdf


488 Nakagawa et al Journal of Thoracic Oncology Vol. 20 No. 4
mutation and no central nervous system metastases were
randomized (1:1) to ERL (150 mg/day) with RAM (10 mg/kg
every two weeks, N ¼ 224) or placebo (N ¼ 225).

Results: At data cutoff, 297 deaths were reported (overall
event rate ¼ 66%), with a median follow-up of 45.1 months
(interquartile range: 26.7–71.2), an OS HR of 0.98 (95% CI:
0.78–1.24, p ¼ 0.864), and median OS of 51.1 months
(RAM þ ERL) and 46.0 months (placebo þ ERL). Outcomes
in subsets of patients with poor prognosis (L858R or TP53
co-mutation) suggest a directional improvement in OS
(L858R: HR ¼ 0.87, 95% CI: 0.62–1.22; exon 19del: HR ¼
1.13, 95% CI: 0.83–1.55; TP53 co-mutation: HR ¼ 0.83, 95%
CI: 0.58–1.19; TP53-wild-type: HR ¼ 1.22, 95% CI: 0.87–
1.72). Treatment-emergent T790M rates were similar be-
tween arms. Over 80% of patients received post-study
discontinuation therapy (>50% received osimertinib in
comparable numbers between arms). The safety profile for
RAM þ ERL was consistent with previous reports with no
increased toxicity over time or new safety signals observed.

Conclusion: In RELAY, OS was not significantly improved
with similar long OS durations in both treatment arms.

Clinical Trial Information: ClinicalTrials.gov Identifier:
NCT02411448

� 2024 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. This is an open access
article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
EGFR–tyrosine kinase inhibitors (TKIs) are recom-

mended as first-line (1L) therapy for patients with EGFR-
mutated NSCLC. Nevertheless, not all patients benefit
equally from treatment with EGFR-TKIs suggesting that
factors other than EGFRmutation may affect outcomes to
EGFR-TKIs.1–3 Although response rates with EGFR-TKIs
are as high as 80%, response duration may be limited,
and resistance to treatment and disease progression is
inevitable.4,5 This has led to the evaluation of upfront
combination therapy strategies with the intent to
improve outcomes further.6

One such strategy supported by preclinical and clin-
ical evidence is the dual blockade of the EGFR and
vascular endothelial growth factor (VEGF) pathways.7–11

In the RELAY trial (NCT02411448), erlotinib (ERL), a
first-generation TKI was combined with ramucirumab
(RAM), a human IgG1 VEGFR2 antagonist, or placebo
(PBO), in patients with untreated EGFR-mutated meta-
static NSCLC. RELAY met its primary end point by
demonstrating a statistically significant improvement in
progression-free survival (PFS) with a hazard ratio [HR]
of 0.59 (95% confidence interval [CI]: 0.46–0.76), a
p value of less than 0.0001 and a median PFS of 19.4
months for RAM plus ERL (RAM þ ERL) versus 12.4
months for PBO plus ERL (PBO þ ERL).9 This was the
basis for worldwide approval of the RELAY regimen. At
the time of the primary analysis data cutoff, interim
survival data were immature (event rate ¼ 18%). Here
we report the results of the planned final analysis of
overall survival (OS).

Methods
Full details of RELAY, a global, randomized, double-

blind, PBO-controlled, phase 3 trial (ClinicalTrials.gov
identifier: NCT02411448), including the design and
methods, have been published previously.9

Patients, Study Design, and Treatment
Key eligibility criteria included previously untreated

stage IV NSCLC (defined by American Joint Committee on
Cancer Staging criteria seventh edition, 2009), docu-
mented EGFR exon 19 deletions (exon 19del) or exon 21
(L858R) mutations, Eastern Cooperative Oncology Group
performance score 0 to 1 and measurable disease ac-
cording to Response Evaluation Criteria in Solid Tumors
version 1.1. Patients with central nervous system (CNS)
metastasis or a known EGFR T790M mutation were
excluded.

Patients were randomized (1:1) to receive either
RAM 10 mg/kg or PBO intravenously once every two
weeks and oral ERL 150 mg/day until disease progres-
sion, unacceptable toxicity, or another reason for study
discontinuation was met. Patients were stratified ac-
cording to geographic region (East Asia versus Other),
sex, EGFR mutation subtype (exon 19del versus L858R),
and EGFR testing method (Therascreen or Cobas versus
Other). The protocol and amendments were approved by
the ethics committees of all participating centers and all
patients provided written informed consent before study
entry. The trial was conducted according to the Decla-
ration of Helsinki, the International Conference on
Harmonization guidelines for good clinical practice, and
applicable local regulations. Physicians, patients, site
study personnel, and all sponsor personnel in direct
contact with sites were blinded to assigned treatment
until after the final OS analysis.

End Points
The primary end point of RELAY was PFS. The study

was not powered for OS, which was a secondary end
point. Other secondary end points included safety and
toxicity, overall response (complete and partial response),
disease control (complete and partial response plus stable
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disease), and duration of response (DOR) (time from first
documented response to the date of objective progression
or the date of death, whichever is earlier). Prespecified
exploratory end points were biomarker analyses and time
to diagnosis of CNS metastases (defined as the time from
randomization to CNS metastases).

Statistical Methods
The final OS analysis was planned when approxi-

mately 300 deaths were reported. OS was defined as the
time from the date of randomization to the date of death
from any cause. OS was censored for the last date the
patient was known to be alive (on or before the data cut-
off date). Assessments for survival were made every
three months after disease progression until death or
study completion, whichever occurs first.

Kaplan-Meier method was used with a stratified log-
rank test to compare OS between treatment arms. The
analysis was stratified by the randomization strata. HRs
for the treatment effect and associated CIs (95% CIs)
were estimated using a Cox proportional hazards model.
An unstratified Cox proportional hazards model was
used to analyze prespecified subgroups to assess the
internal consistency of study results. Results were dis-
played graphically using Kaplan-Meier plots and a Forest
plot. Adverse events were graded with the use of the
National Cancer Institute–Common Terminology Criteria
for Adverse Events version 4.0. Descriptive statistics for
treatment-emergent adverse events (TEAEs) were sum-
marized by the study treatment arm. Liquid biopsy for
detection of biomarkers including T790M mutations by
Guardant360 next-generation sequencing (NGS) was
taken at baseline and 30-day post-study treatment
discontinuation (PDT) follow-up. Fisher’s exact test was
used to compare the difference in T790M mutation fre-
quency between arms.

All efficacy end points were assessed in the intention-
to-treat population (ITT), which included all randomly
assigned patients. Observed data were used and missing
data were not imputed or carried forward. Safety was
assessed in all randomized patients who received at least
one dose of any study treatment (safety population).
T790M analyses were done in the subset of ITT patients
who had disease progression by data cutoff and had
available NGS results.

Results
Demographics

Between January 28, 2016, and February 1, 2018,
449 patients across 100 sites in 13 countries were
enrolled (ITT population). Patients were randomly
assigned to either RAM þ ERL (N ¼ 224) or PBO þ ERL
(N ¼ 225; Supplementary Fig. 1). Baseline
characteristics were balanced between treatment arms
and generally reflective of an EGFR-mutated metastatic
NSCLC population as previously described.9 Key details
can be viewed in the supplemental appendix
(Supplementary Table 1). At the final data cut-off
(October 20, 2023), the median duration of follow-up
was 45.1 months (interquartile range [IQR]: 26.7–71.2).

PFS
The primary end point of PFS has previously been

disclosed.9 PFS was re-assessed and benefit was sustained
at data cutoff for final OS analysis (stratified HR ¼ 0.66,
95% CI: 0.53–0.83, p ¼ 0.0002, median PFS: 19.6 versus
12.4 mo), with the following PFS landmarks: 72.0% versus
50.9% at 12 months, 54.2% versus 34.7% at 18 months,
and 33.4% versus 22.6% at 24 months for RAM þ ERL
versus PBO þ ERL, respectively (Supplementary Fig. 2).

The unstratified DOR HR was 0.71 (95% CI: 0.57–
0.89), median DOR was 18.0 months for RAM þ ERL and
11.1 months for PBO þ ERL with the following DOR
landmarks: 66.9% versus 44.1% at 12 months, 28.5%
versus 14.5% at 24 months, and 15.5% versus 9.5% at 36
months for RAM þ ERL versus PBO þ ERL, respectively.

Overall Survival
At the time of the final data cutoff, 297 deaths were

reported (RAM þ ERL: 148 deaths, PBO þ ERL: 149
deaths, overall event rate: 66%), representing the plan-
ned number of events and data maturity. The stratified
OS HR was 0.98 (95% CI: 0.78–1.24, p ¼ 0.864), median
OS (mOS) was 51.1 months (95% CI: 44.9–57.3) for
RAM þ ERL and 46.0 months (95% CI: 43.6–53.0) for
PBO þ ERL (Fig. 1).

Figure 2 displays the Forest plot for OS for all pre-
specified subgroups. The OS observed with RAM þ ERL
compared with PBO þ ERL was generally consistent
across most predefined subgroups, with varying magni-
tudes of effect size and overlapping CIs within and
across all subgroups. For the subgroups of patients by
EGFR mutation subtype, OS outcomes for RAM þ ERL
versus PBO þ ERL suggest a directional improvement in
patients with a L858R (HR ¼ 0.87, 95% CI: 0.62–1.22,
mOS: 51.6 mo for RAM þ ERL and 45.8 mo for PBO þ
ERL) but not in those with an exon 19del (HR ¼ 1.13,
95% CI: 0.83–1.55, mOS: 49.0 mo for RAM þ ERL and
51.4 mo for PBO þ ERL) (Supplementary Fig. 3).

Clinical Patterns of Disease Progression
Sites of disease progression were recorded in 169

(75.4%) of RAM þ ERL patients and 192 (85.3%) of
PBO þ ERL patients. Of these, 126 patients (56.3%,
RAM þ ERL) and 138 patients (61.3%, PBO þ ERL)
presented with single-site progression, and 43 patients



Figure 1. Kaplan-Meier estimates of final OS. The maximum data collection time was 92 months. The figure has been
cropped. aStratified HR. HR, hazard ratio; mOS, median OS; OS, overall survival; PBO þ ERL, placebo þ erlotinib; RAM þ ERL,
ramucirumab þ erlotinib.
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(19.2%) and 54 patients (24.0%) presented with
multiple-site progression. Brain imaging was performed
at baseline, and as clinically indicated during the course
of the study. Therefore, the incidence of brain metastases
may have been underestimated. Treatment-emergent
CNS metastases events were lower in the RAM þ ERL
arm (3/224; 1.3%) than in the PBO þ ERL arm (9/225;
4.0%). Owing to the low number of CNS events, no
further analysis was conducted. Similar trends were
observed for sites of progression by EGFR mutation
subtype (Supplementary Table 2).

Post-discontinuation Therapies
More than 80% of patients received PDT (186 pa-

tients [83%] in the RAM þ ERL arm and 207 patients
[92%] in the PBO þ ERL arm). The median number of
lines of PDT was three (range: 1–10) and two (range:
1–12) for RAM þ ERL and PBO þ ERL, respectively, with
majority of the patients receiving an EGFR-TKI as the
first PDT (72.3% RAM þ ERL, 78.2% PBO þ ERL)
(Supplementary Table 3). The high use of ERL as PDT
can be explained by the RELAY protocol requirement to
discontinue all study treatment at the time of Response
Evaluation Criteria in Solid Tumors defined progression
(Supplementary Table 4).

Overall, approximately 60% of patients received
chemotherapy as PDT with comparable numbers across
treatment arms. The post hoc exploratory analysis of
time to chemotherapy or death (Supplementary Fig. 4)
reported an unstratified HR of 0.97 (95% CI: 0.79–1.19)
and a median time to chemotherapy or death of 33.1
months (95% CI: 28.6–36.4) for RAM þ ERL and 25.3
months (95% CI: 20.7–30.1) for PBO þ ERL. More than
50% of patients received osimertinib as PDT with com-
parable numbers across treatment arms. The median
duration of osimertinib treatment, regardless of line of
therapy, was 15.6 (IQR: 6.9–27.5) and 19.3 months (IQR:
9.2–34.9) for RAM þ ERL and PBO þ ERL patient arms,
respectively.

For the patients who did not receive osimertinib
post-progression, at any line of treatment, the unstrati-
fied OS HR was 0.87 (95% CI: 0.62–1.22) and mOS was
36.7 months (95% CI: 28.3–46.7) and 30.3 months (95%
CI: 26.4-40.9) for RAM þ ERL and PBO þ ERL, respec-
tively. For the patients who did receive osimertinib, post-
progression, unstratified OS HR was 1.13 (95% CI: 0.83–
1.54) and mOS was 57.3 months (95% CI: 51.2–63.0) for
RAM þ ERL and 61.3 months (95% CI: 47.4–70.8) for
PBO þ ERL. A detailed listing of PDT can be found in the
supplemental appendix (Supplementary Tables 3 and 4).
Circulating Tumor DNA Analysis
For baseline co-mutation profiles, Guardant360 NGS

analyses, from central testing of liquid biopsies, were
conducted on circulating tumor DNA (ctDNA) of patients
(N ¼ 449) from whom a valid baseline result (passed



Figure 2. Forest Plot for unstratified subgroup analysis of overall survival. aAt study entry, all patients had metastatic or
stage IV NSCLC. CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance score; HR, hazard ratio;
PBO þ ERL, placebo þ erlotinib; RAM þ ERL, ramucirumab þ erlotinib.
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NGS testing quality control) with at least one gene alter-
ation was obtained (n ¼ 386, 86%). Among the 360 pa-
tients who had disease progression by data cutoff, valid
NGS results were available for 315 patients (88%) at
baseline and for 240 patients (67%) at 30-day follow-up.

T790M Resistance Analysis
The most common mechanism of resistance to first-

and second-generation EGFR-TKIs is the acquisition of
the EGFR T790M gatekeeper mutation.12 Figure 3 shows
rates of post-progression T790M from 30-day follow-up
samples by treatment arm. Given that different criteria
are applied in the literature to define the population for
this type of analysis, two approaches are presented. The
first analysis (population 1) includes the population of
patients who had central liquid biopsy NGS results. Pa-
tients who had NGS results at 30-day follow-up, but no
NGS results available at baseline were excluded from the
analysis. Treatment-emergent T790M rates are similar
between the arms (29% RAM þ ERL and 29% PBO þ
ERL). Many tumors do not shed ctDNA into the blood,
and the quantity of ctDNA seems to be related to the
tumor burden.13 The second analysis (population 2) in-
cludes only those patients for whom an activating EGFR
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mutation (exon 19del or L8585R) was detected in the
30-day follow-up sample, thereby indicating that the
patient’s tumor was shedding DNA and suggesting that
the liquid biopsy is also likely to detect T790M if it is
present in the tumor. This analysis also found similar
T790M rates between arms (47% RAM þ ERL and 46%
PBO þ ERL).
TP53 Analysis
At baseline, mutated TP53 was detected in 42.7%

(n ¼ 74 RAM þ ERL, n ¼ 91 PBO þ ERL) of patients,
wild-type TP53 in 57.3% (n ¼ 118 RAM þ ERL, n ¼ 103
PBO þ ERL) of patients. Irrespective of treatment, pa-
tients with a concurrent TP53 mutation had poorer OS
outcomes in comparison to patients with TP53-wild-type
tumors, indicating the prognostic impact of a TP53 co-
mutation (HR ¼ 1.74, 95% CI: 1.36–2.22, mOS: 42.1
and 60.4 mo, respectively). OS outcomes for RAM þ ERL
versus PBO þ ERL suggest a directional improvement in
the subset of poorer prognosis patients with TP53 mu-
tation (HR ¼ 0.83, 95% CI: 0.58–1.19), but not in the
more favorable prognosis patients with wild-type TP53
(HR ¼ 1.22, 95% CI: 0.87–1.72) (Fig. 4).
Safety
The median duration of exposure to RAM or PBO was

11.0 months (4.2–17.6) for RAM þ ERL versus 9.7
months (3.7–16.3) for PBO þ ERL. The median duration
of exposure to ERL was 15.1 months (0.0–82.8) for
RAM þ ERL versus 11.2 months (0.4–90.4) for PBO þ
ERL. Dose reductions of RAM or PBO due to TEAEs
Figure 3. Post-progression EGFR T790M rates from the 30-day f
post-progression 30-day follow-up NGS results who did not have
with post-progression 30-day follow-up NGS results in whom EGF
interval; n, number of patients in a specific group; NGS, next-ge
ERL, ramucirumab þ erlotinib.
occurred in 26/221 (11.8%) versus 4/225 (1.8%) pa-
tients. Proteinuria was the most common reason for dose
reductions of RAM in 21 (9.5%) RAM þ ERL patients,
with no PBO dose reductions due to proteinuria in
PBO þ ERL patients. Thirty-six patients (16.3%) in the
RAM þ ERL arm and 25 patients (11.1%) in the PBO þ
ERL arm discontinued all study treatment because
of TEAEs. The most common TEAE leading to discon-
tinuation was increased alanine aminotransferase. The
relative dose intensity was high (>92%) in both treat-
ment arms. At the time of OS analysis, the safety profile
of RAM þ ERL was consistent with the safety profile in
the primary PFS analysis (Supplementary Table 5).9,12

All patients in the two treatment arms had at least one
TEAE (Table 1; Fig. 5). Adverse events of Grade 3 or
higher were reported in 76.0% of the patients in the
RAM þ ERL arm and 56.4% of those in the PBO þ ERL
arm (Table 1). The difference between the two treatment
arms was predominantly due to the higher rate of Grade
3 events in the RAM þ ERL treatment arm than the
PBO þ ERL treatment arm (67.4% and 51.6%, respec-
tively). Grade 3 hypertension, reported in 24% of pa-
tients was the largest contributor to Grade 3 or higher
TEAEs in the RAM þ ERL treatment arm. More than a
5% difference in Grade 3 TEAEs between RAM þ ERL
and PBO þ ERL arms was reported for hypertension
(24% and 5.8%), diarrhea (7.2% and 1.3%), and
dermatitis acneiform (16.3% and 9.3%). TEAEs reported
in 20% or more of patients can be found in
Supplementary Table 6. The incidence of Grade 4 TEAEs
was similar between the treatment arms (RAM þ ERL:
5.4%, PBO þ ERL: 4.4%). The most commonly reported
ollow-up liquid biopsy sample. aThere were 25 patients with
corresponding baseline NGS results. bThere were 96 patients
R activating mutations could not be detected. CI, confidence
neration sequencing; PBO þ ERL, placebo þ erlotinib; RAM þ



Figure 4. Kaplan-Meier estimates of overall survival by TP53 co-mutation status at baseline. The maximum data collection
time was 92 months. The figure has been cropped. aUnstratified HR. CI, confidence interval; HR, hazard ratio; PBO þ ERL,
placebo þ erlotinib; RAM þ ERL, ramucirumab þ erlotinib; TP53þ, TP53-mutated; wt, wild-type.
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Grade 4 TEAEs (alanine aminotransferase increased and
hepatic function abnormal) remained the same as pre-
viously reported.9 One additional fatal TEAE of sudden
death was reported for RAM þ ERL since the primary
database lock.

Serious adverse events were reported in 32.6% and
22.7% of patients treated with RAM þ ERL or PBO þ
ERL respectively, indicating a non-notable change in
serious adverse events compared with the primary
analysis despite longer treatment durations.9

Discussion
RELAY, the global phase 3 study in untreated EGFR-

mutated NSCLC, had met its primary end point by
demonstrating a statistically significant and clinically
meaningful improvement in PFS (HR ¼ 0.59, 95% CI:
0.46–0.76, p < 0.0001, mPFS: 19.4 mo for RAM þ ERL
versus 12.4 mo for PBO þ ERL), which was the basis for
world-wide regulatory approval of the RELAY regimen.
At data cutoff for final OS analysis, the previously re-
ported PFS benefit of seven months in favor of RAM þ
ERL was sustained (HR ¼ 0.66, 95% CI: 0.53–0.83,
p ¼ 0.0002, mPFS: 19.6 versus 12.4 mo,
respectively).

OS is an important secondary objective of RELAY. The
sample size and study design were not intended to pro-
vide adequate power to detect statistically significant
differences in OS. At the data cutoff, OS data were
considered mature, with an overall event rate of 66% and
an extended median follow-up time of 45.1 months (IQR:
26.7–71.2). RELAY reported no significant improvement
in OS (HR ¼ 0.98, 95% CI: 0.78–1.24, p ¼ 0.864), with a
directional improvement in mOS in favor of RAM þ ERL
(mOS ¼ 51.1 mo) as compared with PBO þ ERL (mOS ¼
46.0 mo). No significant improvements were observed in
any of the preplanned subgroups either.

In general, the mOS, observed in RELAY was longer
when compared with reported OS durations in other
trials investigating EGFR-TKIs.14 Whether or not the
absence of CNS metastases is the only explanation for
this finding remains open. The high number of Japanese
patients and the high number of post-progression
treatment lines might have had an impact on the survival
results.



Table 1. Safety Overview and Discontinuation Due to
Adverse Events in RAM þ ERL and PBO þ ERL Treatment
Arms

Event (%)a
RAM þ ERL
(N ¼ 221)

PBO þ ERL
(N ¼ 225)

Any TEAE 100.0 100.0
Grade of �3 TEAEs 76.0 56.4
SAEs 32.6 22.7
Discontinued all study

treatment due to TEAE
16.3 11.1

Discontinued all study
treatment due to SAE

5.9 4.4

TEAEs leading to dose
adjustment, any drug

86.9 72.0

TEAEs leading to death on
study treatmentb

1.4 0.0

aPatients may be counted in more than one category.
bDeaths are also included as serious adverse events and discontinuations due
to adverse events.
PBO þ ERL, Placebo þ Erlotinib; RAM þ ERL, ramucirumab þ erlotinib; SAE,
serious adverse event; TEAE, treatment-emergent adverse event.
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The OS outcome in the control arm is at the upper
range of what has been reported for ERL monotherapy in
contemporary randomized trials, with mOS between 23
and 51 months.10,11,15–17 Like RELAY, these studies were
not powered for OS, and OS outcomes did not reach
statistical significance.

The overall favorable OS outcome across treatment
arms may have increased the difficulty of observing an
OS difference. Clinical trials with a PFS benefit and a long
post-progression survival (PPS) have reduced statistical
power to detect an improvement in OS,18 as the types
and frequencies of postprogression therapies can
significantly impact OS outcomes. A statistical benefit in
PFS might not translate into an OS benefit when the
median PPS is large, like in RELAY. Post-progression
therapies in RELAY were similar between treatment
arms. More than 80% of patients received second-line
treatment, 60% received third-line, and more than 40%
received fourth- or later-lines of therapy. This may have
contributed to the favorable OS outcomes and the long
PPS in both treatment arms.

The most common mechanism of acquired resistance
to first- and second-generation EGFR-TKIs is the devel-
opment of T790M gatekeeper mutation.12 In RELAY, the
proportion of patients with T790M at progression was
approximately 50% and similar between treatment arms.
The proportion of patients receiving osimertinib was high
(>50%) and similar between treatment arms. The me-
dian duration of osimertinib treatment regardless of line
of therapy was longer than expected on the basis of AURA
319 and similar to real-world evidence data.20

Optimal treatment sequencing is crucial to maximize
patient outcomes and prolong OS. The randomized phase 2
APPLE trial suggests that sequential treatment with
gefitinib (a first-generation TKI) followed by osimertinib
provides similar survival outcomes compared with upfront
osimertinib.21

With the emergence of several promising treatment
options for patients with EGFR-mutated NSCLC, the
optimal strategy across multiple treatment lines remains
unclear. Understanding resistance mechanisms and
determining appropriate therapies on the basis of mo-
lecular resistance profiles remain important consider-
ations. 1L treatment with the RELAY regimen offers the
benefit of preserving both osimertinib and chemo-
therapy for later lines of therapy.

The overall OS effect from the addition of RAM to ERL
seems mainly driven by the benefit in patients with
L858R (HR ¼ 0.87, 95% CI: 0.62–1.22), whereas patients
with an exon 19del did not exhibit an OS benefit (HR ¼
1.13, 95% CI: 0.83–1.55), albeit with overlapping 95%
CIs. A similar trend of longer OS in the RAM þ ERL arm
was observed in patients exhibiting a TP53 co-mutation
(HR ¼ 0.83, 95% CI: 0.58–1.19) with no benefit in pa-
tients with wild-type TP53 (HR ¼ 1.22, 95% CI: 0.87–
1.72). Consistent findings for the subgroups of EGFR
mutation subtype and TP53 co-mutation status were also
observed for PFS.22,23

This extends to other reports that the addition of a
VEGF inhibitor improves outcomes in these poor prog-
nostic subsets24–26 and is representative of a broader
trend in which the impact of combination therapies may
be more apparent in higher-risk populations

The ongoing REVOL858R phase 3 study evaluating
the efficacy of RAM þ ERL versus osimertinib in previ-
ously untreated patients with L858R mutant metastatic
NSCLC is designed to prospectively explore the optimal
treatment for these patients.27 Insights into the molec-
ular differences between exon 19del and L858R also
guide future research, with the development of new in-
hibitors or combination strategies that specifically
address the less responsive nature of L858R28–30 to TKI
monotherapy. These findings provide a rationale for
treatment intensification for this subset of patients.

TP53 is implicated in angiogenesis and multiple studies
have shown that the presence of a TP53 co-mutation is
associated with upregulation of the VEGF pathway.31,32

This may provide a biological explanation for improved
outcomes with dual EGFR/VEGF pathway inhibition in
patients with a TP53 co-mutation.31,33,34 Treatment
intensification strategies with VEGF inhibitors or other
therapies, such as chemotherapy, are currently under
active investigation or have reported favorable outcomes
in the subset of patients with a TP53 co-mutation.23–26,35

Overall safety was consistent with established pro-
files for RAM and ERL and as previously reported for
RELAY,9,36 with no increased toxicity over time and no
new safety signals observed. Inconvenience owing to



Figure 5. Tornado plot summarizing the TEAEs occurring in � 20% of patients in the RAM þ ERL arm. TEAE, treatment-
emergent adverse events; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Gr, Grade; ILD, interstitial lung
disease; PBO þ ERL, placebo þ erlotinib; RAM þ ERL, ramucirumab þ erlotinib; TEAE, treatment-emergent adverse events.
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intravenous administration and the increased rate of
toxicity remain concerns to combination treatment.
Despite increased toxicity, quality of life results were not
different between treatment arms.37

The RELAY trial faced several limitations. Notably,
the study was not powered for OS. Although RAM and
ERL have CNS activity,38,39 RELAY did not include pa-
tients with CNS metastases, which might have enriched
our population for patients with better prognoses. In
addition, RELAY is not reflective of current treatment
practices, as it does not account for the adoption of
osimertinib as 1L treatment, which became the preferred
standard of care after the trial’s initiation in 2016.40
Since the initiation of RELAY, the treatment land-
scape for EGFR-mutated NSCLC has changed substan-
tially. Studies exploring if the efficacy of third-
generation EGFR-TKIs can be improved by the addi-
tion of chemotherapy, VEGF-inhibition, or MET-
inhibition recently reported prolonged PFS in favor of
the combination regimen (FLAURA2,29,41 RAMOSE,42

MARIPOSA43). Whether these treatment intensification
strategies will ultimately provide a more prolonged OS
as compared with a sequential treatment approach and
if these should be offered to all or only select high-risk
patients are important clinical questions that remain to
be answered.
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With the emergence of several promising treatment
options for patients with metastatic EGFR-mutated NSCLC
and the integration of osimertinib in the adjuvant and
consolidation setting after curative-intent treatment, the
challenge moving forward will be to integrate all these
data into clinical practice, as the optimal strategy across
multiple treatment lines is currently unclear. Understand-
ing the potential impact of clinical and genomic patient and
disease characteristics that lead to a poorer prognosis or
reduced benefit of EGFR-TKI monotherapy may inform
treatment decisions and help provide a personalized
treatment strategy for patients with EGFR mutation.
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