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ABSTRACT

Introduction: The phase 3 RELAY global study
(NCT02411448) revealed significant improvement in
progression-free survival (PFS) with ramucirumab plus
erlotinib (RAM þ ERL) compared with placebo plus ERL
(PL þ ERL) in untreated EGFR-mutated metastatic NSCLC
(hazard ratio [HR] ¼ 0.59 [95% confidence interval (CI):
0.46–0.76, p < 0.0001]). This prespecified analysis evalu-
ates efficacy, safety, and postprogression EGFR T790M rates
of RELAY patients enrolled in Japan.

Methods: Patients were randomized (1:1) to oral ERL (150
mg/d) plus intravenous RAM (10 mg/kg) or PL every 2 weeks.
End points included PFS (primary), safety (secondary), and
biomarker analyses (exploratory). Plasma samples collected at
baseline and poststudy treatment discontinuation were evalu-
ated forEGFRT790Mmutationsbynext-generation sequencing.

Results: The Japanese subset included 211 of 449 (47.0%)
RELAY patients (RAM þ ERL, n ¼ 106; PL þ ERL, n ¼ 105).
Median PFS was 19.4 versus 11.2 months for RAM þ ERL
versus PL þ ERL treatment (HR ¼ 0.610 [0.431–0.864]) in
the Japanese intent-to-treat population, 16.6 versus 12.5
months (HR ¼ 0.701 [0.424–1.159]) in the EGFR exon 19
deletion subgroup, and 19.4 versus 10.9months (HR¼ 0.514
[0.317–0.835]) in the EGFR exon 21 L858R subgroup,
respectively. Adverse events of grade 3 or above with RAMþ
ERL included hypertension (24.8%, all grade 3) and derma-
titis acneiform (23.8%). Postprogression treatment-
emergent T790M rates were similar between arms (RAM þ
ERL: 47%, 9 of 19patients; PLþERL: 50%, 20 of 40patients).

Conclusions: Clinically meaningful efficacy was observed
with RAM þ ERL versus PL þ ERL in the RELAY Japanese
subset, with no new safety concerns. Postprogression
T790M rates were similar across treatment arms, indicating
the addition of RAM did not affect the ERL-associated EGFR
T790M rates at disease progression.

� 2021 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 li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Keywords: Circulating tumor DNA; EGFR; Non–small cell
lung cancer; Japan; Ramucirumab

Introduction
Activating mutations in the EGFR gene are important

drivers in NSCLC, making EGFR-mutated NSCLC
amenable to precision medicine.1,2 EGFR tyrosine kinase
inhibitors (TKIs), the standard first-line treatment for
EGFR-mutated NSCLC,3,4 have different affinities for
specific EGFR mutations.5,6 The clinical benefit with
EGFR TKIs is greater in patients with exon 19 deletions
(ex19dels) versus an exon 21 L858R (ex21.L858R) point
mutation.7,8 The prevalence of EGFR mutations is higher
in Asian and Japanese populations (approximately 40%)
than in White populations (approximately 20%).9 In
contrast to White patients, ex21.L858R is more common
than ex19del in Japanese patients.10

Many patients with NSCLC who receive first-line
EGFR TKIs acquire the EGFR T790M resistance muta-
tion.11 Osimertinib is the only targeted treatment against
EGFR T790M and is approved in Japan for first- and
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second-line treatment of patients with EGFR-mutated
NSCLC.3,4 Nevertheless, the mechanisms of resistance to
osimertinib are heterogeneous and mostly not targetable
with approved small-molecule inhibitors; thus, the only
remaining treatment options at the time of progression
are chemotherapy-based regimens or immuno-
therapy.3,12,13 Chemotherapy efficacy is limited by its
toxicity, and immunotherapy has not been found to be
effective in EGFR-mutated NSCLC. Therefore, treatment
strategies that enhance EGFR TKI efficacy and prolong
the chemotherapy-free period are desired.

The EGFR and vascular endothelial growth factor path-
ways are interconnected, and dual inhibition reduces
angiogenesis and abrogates tumor resistance to EGFR
TKIs.14,15 Targeting both pathways is therefore a viable
strategy to improve outcomes in EGFR-mutated NSCLC.16,17

RELAY was a global, phase 3, randomized, double-blind,
placebo-controlled study investigating the efficacy and
safety of the addition of ramucirumab (RAM), a human IgG1
vascular endothelial growth factor receptor 2 antagonist, to
erlotinib (ERL) in treatment-naiveEGFR-mutatedmetastatic
NSCLC.18 Progression-free survival (PFS) was superior with
RAM plus ERL versus placebo plus ERL (median PFS¼ 19.4
versus 12.4 mo; hazard ratio [HR] ¼ 0.59 [95% confidence
interval (CI): 0.46–0.76, p< 0.0001]), and the safety profile
was consistent with the known safety profiles of RAM and
ERL monotherapy.18–20 EGFR T790M mutation rates after
disease progression were similar between treatment arms,
indicating subsequent treatment with a T790M-targeting
drug remains possible.18

Treatment selection after progression on EGFR TKI
therapy depends on the mechanism of resistance. The
challenge of obtaining tumor biopsies during and after
treatment can be overcome using plasma samples con-
taining circulating tumor DNA.21 Blood samples are less
invasive than tissue biopsies, and high concordance be-
tween tumor and circulating tumor DNA has been
observed using digital polymerase chain reaction and
next-generation sequencing (NGS) for T790M analysis
and driver mutation detection.22,23

Because the prevalence of EGFR-mutated NSCLC in
patients from Japan is relatively high and the RELAY
Japanese population constituted almost half of the
overall RELAY population, we conducted subgroup ana-
lyses of clinical efficacy, safety, and postprogression
T790M rates in the RELAY Japanese population.
Materials and Methods
Study Design and Participants

RELAYwas a global, phase 3, randomized, double-blind,
placebo-controlled study in patients with untreated EGFR-
mutated metastatic NSCLC (www.clinicaltrials.gov:
NCT02411448).18 The RELAY study protocol was
approved by the ethics review board of each site, and the
studywas conducted in accordancewith the Declaration of
Helsinki, The Council of International Organizations of
Medical Sciences International Ethical Guidelines, Good
Clinical Practice guidelines, and local guidelines. All pa-
tients provided written informed consent. Eligibility
criteria have been previously published and are briefly
described in Supplementary Materials.18,24

Randomization and Treatment Protocol
Patients were randomized (1:1) to RAM (10 mg/kg

intravenously every 2 wk) plus ERL (150 mg orally once
daily) (RAM þ ERL) or placebo (PL) plus ERL (PL þ
ERL). Study drugs were assigned using the Interactive
Web Response System. Masking of patients, in-
vestigators, and all clinical study personnel to the
assigned treatment will continue until the prespecified
number of 300 overall survival (OS) events is reached.
Patients received study treatment until disease pro-
gression, unacceptable toxicity, noncompliance, or
investigator or patient decision.

Outcome Measures
The primary end point for the randomized phase 3

portion of RELAY was PFS (time from randomization to
disease progression or death from any cause) as evaluated
by investigators according to Response Evaluation Criteria
in Solid Tumours version 1.1 (RECIST v1.1). Secondary end
points included OS, objective response rate (ORR), disease
control rate (DCR), duration of response (DoR), and
safety.18 Prespecified exploratory end points included
PFS2 (time from randomization to second disease pro-
gressionordeath fromanycause,whichever occurredfirst)
and biomarker analyses. Liquid biopsy samples from
baseline and poststudy treatment discontinuation (30-
d follow-up) were analyzed for treatment-emergent EGFR
T790M by Guardant360 (Guardant Health, Redwood City,
CA) NGS. Time to chemotherapy treatment (TTCT; time
fromrandomization to start of chemotherapyordeath)was
a post hoc exploratory end point.18

Statistical Analysis
Details of the RELAY statistical analyses have been

published.18 The analyses in this report were exploratory,
and multiplicity was not adjusted. Therefore, only point
estimates and CIs are reported, without p values. The data
cutoff date was January 23, 2019. Efficacy end points
were evaluated in the Japanese intent-to-treat (ITT)
population (all randomized patients enrolled in Japan;
prespecified analysis). PFS, PFS2, and DoR (for patients
achieving a best overall response of partial or complete
response) were analyzed using the Kaplan-Meier method
and compared using the unstratified log-rank test. ORR

http://www.clinicaltrials.gov


Table 1. Demographic and Clinical Characteristics of Patients at Baseline (Japanese ITT Population)

Characteristicsa RAM þ ERL (N ¼ 106) PL þ ERL (N ¼ 105)

Sex
Female 72 (67.9) 68 (64.8)

Age, y
Median 67 66
Min–max 41–86 35–83

Race
Asian 106 (100) 105 (100)

Smoking history
Ever 28 (26.4) 34 (32.4)
Never 63 (59.4) 64 (61.0)
Unknown or missing 15 (14.2) 7 (6.7)

ECOG performance status
0 59 (55.7) 60 (57.1)
1 47 (44.3) 45 (42.9)

Disease classification
Primary metastatic 95 (89.6) 94 (89.5)
Recurrent metastatic 11 (10.4) 11 (10.5)

EGFR mutation typeb

Ex19del 49 (46.2) 51 (48.6)
Ex21.L858R 56 (52.8) 54 (51.4)

EGFR testing methodc

therascreen and cobas 40 (37.7) 42 (40.0)
Other PCR and sequencing-based methods 65 (61.3) 63 (60.0)

aExcept where otherwise indicated, data are n (%).
bIn the RAM þ ERL arm, 1 patient was classified as other.
cIn the RAM þ ERL arm, 1 patient was classified as missing.
ECOG, Eastern Cooperative Oncology Group; ERL, erlotinib; ex19del, exon 19 deletion; ex21.L858R, exon 21 L858R; ITT, intent-to-treat; Max, maximum; Min,
minimum; PCR, polymerase chain reaction; PL, placebo; RAM, ramucirumab.
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and DCR were calculated as defined by RECIST v1.1 and
compared using the Cochran-Mantel-Haenszel test. HRs
and 95% CIs were estimated using unstratified Cox pro-
portional hazards models, which, where applicable, also
included an interaction term with treatment for evalu-
ating predictive relationships. Safety end points were
evaluated in the Japanese safety population (all patients
enrolled in Japan who were treated with�1 dose of study
treatment) as previously described.18,24

Guardant360 NGS T790M analysis subpopulations
comprised Japanese ITT patients who had disease pro-
gression by data cutoff and NGS results at baseline and at
30-day follow-up (population 1) or NGS results at 30-day
follow-up containing an EGFR-activating mutation (pop-
ulation 2), indicating the liquid biopsy contained tumor-
shed DNA. T790M mutation rates, defined as the propor-
tion of patients with T790M mutation, and associated
Wilson score 95% CIs were determined, and the differ-
ences in T790Mmutation rate between treatment arms at
each time point were evaluated using Fisher’s exact test.
Results
Patient Disposition and Baseline Demographics

The Japanese ITT population comprised 211 (47.0%
of the RELAY global population) patients (RAM þ ERL:
106 patients; PL þ ERL: 105 patients; Supplementary
Fig. 1) enrolled at 41 sites. One patient in the RAM þ
ERL arm was randomized but never treated. Median
duration of follow-up was 22.4 months (range: 0.4–
35.0). At the time of data cutoff, 31 of 106 patients
(29.2%) in the RAM þ ERL arm and 18 of 105 (17.1%) in
the PL þ ERL arm were still on study treatment. The
most common reasons for discontinuation of all study
treatment were progressive disease (RAM þ ERL: 48 of
106 [45.3%]; PL þ ERL: 62 of 105 [59.0%]) and adverse
events (AEs) (RAM þ ERL: 17 of 106 [16.0%]; PL þ ERL:
22 of 105 [21.0%]). Baseline characteristics were mostly
balanced across treatment arms (Table 1).
Efficacy
In the Japanese ITT population, PFS (investigator-

assessed) was longer in the RAM þ ERL arm versus
the PL þ ERL arm (Fig. 1A). Median (95% CI) PFS was
19.4 (15.2–22.1) versus 11.2 (9.8–13.8) months
(HR ¼ 0.610 [95% CI: 0.431–0.864]). The 1-year and
18-month PFS rates were greater in the RAM þ ERL
arm versus the PL þ ERL arm (Fig. 1A). PFS was
improved in the RAM þ ERL arm versus the PL þ ERL
arm in patients with ex19del (16.6 [95% CI: 13.9–
30.3] versus 12.5 [95% CI: 9.9–17.9] mo; HR ¼ 0.701
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Figure 1. Kaplan-Meier plot of investigator-assessed PFS (Japanese ITT population). (A) All patients in the Japanese ITT
population. (B) Patients with EGFR exon 19 deletion at baseline. (C) Patients with EGFR exon 21 L858R mutation at baseline.
CI, confidence interval; ERL, erlotinib; HR, hazard ratio; ITT, intent-to-treat; mo, month; PFS, progression-free survival; PL,
placebo; RAM, ramucirumab; yr, year.
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Figure 2. Investigator-assessed PFS subgroup analysis (Japanese ITT population). The following categories with events less
than 10 in either treatment arm are not revealed: unknown smoking history, a disease stage of “other” at diagnosis, and liver
metastases at baseline. Shaded area represents the 95% CI for the Japan ITT population. a96% agreement between pre-
planned confirmatory central EGFR testing (therascreen assay) and local laboratory results (therascreen, cobas, or other PCR
and sequencing-based methods) was observed. CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group
performance status; ERL, erlotinib; ITT, intent-to-treat; PCR, polymerase chain reaction; PFS, progression-free survival; PL,
placebo; RAM, ramucirumab.
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[95% CI: 0.424–1.159]) (Fig. 1B) and in patients with
ex21.L858R (19.4 [95% CI: 14.1–25.1] versus 10.9
[95% CI: 8.1–13.9] mo; HR ¼ 0.514 [95% CI: 0.317–
0.835]) (Fig. 1C). The PFS benefit of RAM þ ERL
compared with PL þ ERL was consistent across most
prespecified patient subgroups (including sex, smoking
status, and EGFR mutation type), although there is
currently no clear explanation for the different HRs for
EGFR testing method (Fig. 2).

The ORR, DCR, and pattern of best overall response
were similar between treatment arms (Table 2 and
Fig. 3). In patients who responded, median DoR was
longer with RAM þ ERL versus PL þ ERL (18.0 [95% CI:
12.9–20.9] versus 11.1 [95% CI: 9.0–12.6] mo;
HR ¼ 0.585 [0.402–0.850]) (Table 2). At data cutoff,
PFS2 and OS data were immature (censoring rates were
67.0% and 86.8% in the RAM þ ERL arm and 54.3% and
78.1% in the PL þ ERL arm, respectively). HRs (95% CI)
for PFS2 and OS were 0.664 (0.430–1.028)
(Supplementary Fig. 2) and 0.604 (95% CI: 0.311–
1.174), respectively (Table 2). Patients in the RAM þ
ERL arm had a longer TTCT or death than patients in the
PL þ ERL arm (median 32.3 versus 23.7 mo; HR ¼ 0.552
[95% CI: 0.363–0.838]) (Supplementary Fig. 3).
Occurrence of Central Nervous System
Metastases

A total of 8 of 211 Japanese patients (3.8%) reported
central nervous system metastases as a site of disease
progression (RAM þ ERL: 2 of 106 patients, 1.9%; PL þ
ERL: 6 of 105 patients, 5.7%).
Treatment Exposure
In the RAM þ ERL arm, median (minimum–

maximum) duration of exposure (censored analysis
excluding 31 patients still on treatment) to RAM was
12.4 months (0.5–33.8þ) and to ERL was 15.2 (0.1–
33.8þ) months; median relative dose intensity for the
Japan ITT population was 93.8% and 85.7%, respec-
tively. In the PL þ ERL arm, median (minimum–
maximum) duration of exposure (censored analysis
excluding 18 patients still on treatment) to PL was 8.3
months (0.5–35.4þ) and to ERL was 10.7 (0.8–35.5þ)
months; median relative dose intensity for the Japan ITT
population was 95.6% and 79.3%, respectively.

Duration of RAM exposure (censored analysis
excluding patients still on treatment) was similar by age
group (<75 y; �75 y) with dose adjustments in both



Table 2. Secondary Efficacy End Points (Japanese ITT Population)

Variables RAM þ ERL (N ¼ 106) PL þ ERL (N ¼ 105)

Best overall response, n (%)
Complete response 1 (0.9) 0
Partial response 80 (75.5) 79 (75.2)
Stable disease 20 (18.9) 22 (21.0)
Progressive disease 1 (0.9) 1 (1.0)
Not assessable 4 (3.8) 3 (2.9)

Objective response rate, n 81 79
% (95% CI) 76.4 (68.3–84.5) 75.2 (67.0–83.5)

Disease control rate, n 101 101
% (95% CI) 95.3 (91.2–99.3) 96.2 (92.5–99.9)

Duration of responsea

Events 50 (61.7) 62 (78.5)
Median (95% CI), mo 18.0 (12.9–20.9) 11.1 (9.0–12.6)
Unstratified HR (95% CI) 0.585 (0.402–0.850)

Interim overall survival
Events 14 23
Censoring rate, % 86.8 78.1
Median (95% CI), mo Not reached Not reached
Unstratified HR (95% CI) 0.604 (0.311–1.174)

Survival rate, % (95% CI)
12 mo 95.1 (88.7–98.0) 94.3 (87.7–97.4)
18 mo 92.0 (84.6–95.9) 88.4 (80.4–93.2)

Progression-free survival 2b

Events 35 48
Censoring rate, % 67.0 54.3
Median (95% CI), mo 33.1 (26.48–NA) 28.0 (21.82–NA)
Unstratified HR (95% CI) 0.664 (0.430–1.028)

aIn patients who responded (RAM þ ERL: n ¼ 81; PL þ ERL: n ¼ 79).
bTime from randomization to second disease progression (defined as objective radiologic or symptomatic progression after start of additional systemic
anticancer treatment) or death from any cause, whichever occurred first.
CI, confidence interval; ERL, erlotinib; HR, hazard ratio; ITT, intent-to-treat; NA, not available; PL, placebo; RAM, ramucirumab.
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treatment arms. Duration of ERL exposure was longer
for patients younger than 75 years versus patients 75
years or older in the PL þ ERL arm (Supplementary
Table 1 and Supplementary Fig. 4). Median relative
dose intensity of RAM was high and comparable between
age groups; median relative dose intensity was lower for
ERL (Supplementary Table 1).

In the RAM þ ERL arm, RAM dose adjustments were
required for 78 of 105 patients (74.3%); ERL dose ad-
justments were required for 81 of 105 patients (77.1%)
(Supplementary Table 2). In the PL þ ERL arm, PL dose
adjustments were required for 64 of 105 patients
(61.0%); ERL dose adjustments were required for 71 of
105 patients (67.6%) (Supplementary Table 2). Dose ad-
justments for RAMor PLweremainly dose delays (RAMþ
ERL: 71 of 105 [67.6%]; PL þ ERL: 62 of 105 [59.0%])
primarily owing to an AE, most often increased blood
bilirubin and alanine aminotransferase. Dose adjustments
for ERL were mainly dose omissions (RAM þ ERL: 71 of
105 [67.6%]; PL þ ERL: 67 of 105 [63.8%]) and dose re-
ductions (RAMþ ERL: 56 of 105 [53.3%]; PLþ ERL: 53 of
105 [50.5%]). Almost all dose adjustments were due to an
AE, most often dermatitis acneiform.
Postdiscontinuation Therapy
Subsequent anticancer therapy after study treat-

ment discontinuation was at the investigator’s
discretion. With 29.2% versus 17.1% of patients in
the RAM þ ERL and PL þ ERL arms, respectively,
remaining on the study treatment at data cutoff, 63 of
106 patients (59.4%) in the RAM þ ERL arm and 78
of 105 patients (74.3%) in the PL þ ERL arm
received 1 or more subsequent lines of anticancer
therapy (Supplementary Table 3). The most common
first subsequent line of treatment after study treat-
ment discontinuation was an EGFR TKI (RAM þ ERL:
51 of 63 patients [81.0%]; PL þ ERL: 58 of 78 pa-
tients [74.4%]), with 61.9% (RAM þ ERL: 39 of 63
patients) and 41.0% (PL þ ERL: 32 of 78 patients)
receiving ERL versus 9.5% (RAM þ ERL: 6 of 63
patients) and 14.1% (PL þ ERL: 11 of 78 patients)
receiving osimertinib. Chemotherapy was received by
10 of 63 patients (15.9%) and 18 of 78 patients
(23.1%) in the RAM þ ERL and PL þ ERL arms,
respectively. A second subsequent line of therapy af-
ter study treatment discontinuation was received by
41 of 106 patients (38.7%) in the RAM þ ERL arm
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Figure 3. Maximum percentage change from baseline in the sum of all target tumors (Japanese ITT population). (A) RAM þ
ERL treatment arm. (B) PL þ ERL treatment arm. BOR, best overall response; CR, complete response; ERL, erlotinib; ITT,
intent-to-treat; PD, progressive disease; PL, placebo; PR, partial response; RAM, ramucirumab; SD, stable disease.
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and 47 of 105 patients (44.8%) in the PL þ ERL arm.
EGFR TKI treatment was received by 24 of 41 pa-
tients (58.5%) and 15 of 47 patients (31.9%) in the
RAM þ ERL and PL þ ERL arms, respectively. Osi-
mertinib was the most common EGFR TKI (RAM þ
ERL: 17 of 41 patients [41.5%]; PL þ ERL: 13 of 47
patients [27.7%]). Chemotherapy was received by 17
of 41 patients (41.5%) and 31 of 47 patients (66.0%)
in the RAM þ ERL and PL þ ERL arms, respectively.
Safety
All patients in the Japanese safety population re-

ported at least 1 treatment-emergent AE (TEAE). The
most common any-grade TEAEs were dermatitis acnei-
form (RAM þ ERL: 91.4%; PL þ ERL: 90.5%) and diar-
rhea (RAM þ ERL: 74.3%; PL þ ERL: 73.3%) (Table 3).
TEAEs of grade 3 or above were reported by 81 of 105
patients (77.1%) in the RAM þ ERL arm and 64 of 105
patients (61.0%) in the PL þ ERL arm. Most common



Table 3. TEAEs and AEs of Special Interest for RAM (Japanese Safety Population)

Event

RAM þ ERL (N ¼ 105) PL þ ERL (N ¼ 105)

Any Grade Grade �3 Any Grade Grade �3

�1 TEAE 105 (100.0) 81 (77.1) 105 (100.0) 64 (61.0)
TEAEs occurring in >40% of patients treated with RAM þ ERL
Dermatitis acneiform 96 (91.4) 25 (23.8) 95 (90.5) 11 (10.5)
Diarrhea 78 (74.3) 7 (6.7) 77 (73.3) 2 (1.9)
Paronychia 73 (69.5) 7 (6.7) 66 (62.9) 5 (4.8)
Increased ALT 68 (64.8) 14 (13.3) 50 (47.6) 15 (14.3)
Increased AST 66 (62.9) 6 (5.7) 45 (42.9) 8 (7.6)
Stomatitis 59 (56.2) 1 (1.0) 41 (39.0) 2 (1.9)
Hypertension 55 (52.4) 26 (24.8) 17 (16.2) 5 (4.8)
Dry skin 48 (45.7) 1 (1.0) 46 (43.8) 3 (2.9)
Proteinuria 47 (44.8) 3 (2.9) 11 (10.5) 0 (0.0)
Epistaxis 47 (44.8) 0 (0.0) 19 (18.1) 0 (0.0)
Alopecia 45 (42.9) 0 (0.0) 18 (17.1) 0 (0.0)

AEs of special interesta

Bleeding or hemorrhage 66 (62.9) 1 (1.0) 41 (39.0) 2 (1.9)
Epistaxis 47 (44.8) 0 (0.0) 19 (18.1) 0 (0.0)
Hematuria 8 (7.6) 0 (0.0) 6 (5.7) 2 (1.9)
Purpura 8 (7.6) 0 (0.0) 5 (4.8) 0 (0.0)
Gingival bleeding 7 (6.7) 0 (0.0) 1 (1.0) 0 (0.0)

GI hemorrhageb 12 (11.4) 1 (1.0) 4 (3.8) 0 (0.0)
Hypertension 55 (52.4) 26 (24.8) 17 (16.2) 5 (4.8)
Proteinuriac 48 (45.7) 3 (2.9) 11 (10.5) 0 (0.0)
Liver injury or liver failure and liver infection 86 (81.9) 20 (19.0) 78 (74.3) 22 (21.0)

Increased ALT 68 (64.8) 14 (13.3) 50 (47.6) 15 (14.3)
Increased AST 66 (62.9) 6 (5.7) 45 (42.9) 8 (7.6)
Increased blood bilirubin 40 (38.1) 2 (1.9) 43 (41.0) 0 (0.0)
Increased GGT 7 (6.7) 2 (1.9) 6 (5.7) 0 (0.0)
Abnormal hepatic function 7 (6.7) 4 (3.8) 6 (5.7) 3 (2.9)

Infusion-related reactions 2 (1.9) 0 (0.0) 1 (1.0) 0 (0.0)
Other TEAE of interest
ILD 1 (1.0) 1 (1.0) 3 (2.9) 2 (1.9)
Pneumonitis 0 (0.0) 0 (0.0) 2 (1.9) 0 (0.0)

Note: Data are n (%).
aAEs of special interest are prespecified selected AEs of clinical interest that have been associated with other antiangiogenic agents, in a similar pharmacologic
class as ramucirumab, that inhibit the VEGF signaling pathway.
bIncludes the preferred terms hemorrhoidal hemorrhage, anal hemorrhage, small intestinal hemorrhage, lower gastrointestinal hemorrhage, and
hematochezia.
cIncludes the preferred terms proteinuria and protein urine present.
AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ERL, erlotinib; GGT, gamma-glutamyltransferase; GI, gastrointestinal; ILD,
interstitial lung disease; PL, placebo; RAM, ramucirumab; TEAE, treatment-emergent adverse event; VEGF, vascular endothelial growth factor.
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TEAEs of grade 3 or above were hypertension (24.8%, all
grade 3) and dermatitis acneiform (23.8%) in the RAM þ
ERL arm and increased alanine aminotransferase
(14.3%) and dermatitis acneiform (10.5%) in the PL þ
ERL arm (Table 3). AEs of special interest for anti-
angiogenic agents included any-grade bleeding or hem-
orrhage (62.9% versus 39.0%), hypertension (52.4%
versus 16.2%), and proteinuria (45.7% versus 10.5%) in
the RAM þ ERL versus PL þ ERL arm, respectively
(Table 3). Interstitial lung disease (ILD) was reported in
both arms (RAM þ ERL: 1 patient, grade 3; PL þ ERL: 3
patients, grades 1, 3, and 5; the patient with grade 5 ILD
died from ILD after study treatment discontinuation).
The incidence of treatment-emergent serious AEs was
similar across treatment arms: 25 of 105 patients
(23.8%) for RAM þ ERL versus 28 of 105 patients
(26.7%) for PL þ ERL. No patient in the Japanese safety
population died while on study treatment.

The frequency of TEAEs of grade 3 or above in pa-
tients aged 75 years or older was higher than in patients
younger than 75 years (RAM þ ERL: 10 of 12 patients
[83.3%] versus 71 of 93 patients [76.3%]; PL þ ERL: 12
of 17 patients [70.6%] versus 52 of 88 patients [59.1%])
(Supplementary Table 4). Common TEAEs of any grade
with RAM þ ERL treatment were similar between age
groups but occurred less frequently in patients aged 75
years or older, except for any-grade proteinuria, which
occurred in 50.0% of patients aged 75 years or older and
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44.1% in those younger than 75 years (Supplementary
Table 4). Discontinuation of all study treatment owing
to an AE or serious AE occurred in 3 of 12 patients
(25.0%) and 2 of 12 patients (16.7%) aged 75 years or
older, respectively, in the RAM þ ERL arm, and 14 of 93
patients (15.1%) and 3 of 93 patients (3.2%) in the PL þ
ERL arm.
Treatment-Emergent T790M Rates
Postprogression T790M rates for Japanese patients

were similar in the RAM þ ERL and PL þ ERL arms
(population 1: RAM þ ERL: 25% [95% CI: 14–41], 9 of
36 patients; PL þ ERL: 34% [95% CI: 23–47], 20 of 59
patients; population 2: RAM þ ERL: 47% [95% CI: 27–
68], 9 of 19 patients; PL þ ERL: 50% [95% CI: 35–65],
20 of 40 patients) (Supplementary Fig. 5). Post-
progression T790M rates were evaluated according to
the number of treatment cycles received before the 30-
day follow-up visit (Supplementary Fig. 6).

Discussion
In this prespecified subset analysis of RELAY Japa-

nese patients with previously untreated metastatic
EGFR-mutated NSCLC, the safety and clinically mean-
ingful efficacy of RAM þ ERL versus PL þ ERL was
confirmed. The primary efficacy end point (PFS) was
improved with RAM þ ERL versus PL þ ERL (19.4
versus 11.2 mo; HR ¼ 0.610 [95% CI: 0.431–0.864]). The
PFS benefit was consistent for ex19del and ex21.L858R
and other prespecified subgroups in the Japanese pop-
ulation. Clinical benefit with RAM þ ERL was confirmed
in secondary (DoR) and exploratory (TTCT) end points,
with a manageable safety profile. This subset analysis
suggests that RAM þ ERL is an effective and safe treat-
ment option for EGFR-mutated NSCLC in Japanese
patients.

Despite initial benefits, early generation EGFR TKIs
are associated with the development of treatment
resistance and loss of clinical benefit. Osimertinib has
efficacy and tolerability advantages over these earlier
EGFR TKIs. In the phase 3 double-blind FLAURA study in
patients with EGFR-mutated NSCLC, median PFS was
significantly improved with first-line osimertinib versus
gefitinib or ERL therapy (18.9 versus 10.2 mo; HR ¼ 0.46
[95% CI: 0.37–0.57], p < 0.001),25 and PFS in the Japa-
nese subset population was 19.1 months with osimerti-
nib versus 13.8 months with gefitinib (HR ¼ 0.61 [95%
CI: 0.38–0.99]).26 Nevertheless, the mechanisms of
resistance after first-line osimertinib are heterogeneous
and mostly nontargetable. Thus, chemotherapy-based
regimens are the only option once patients progress on
osimertinib. RELAY was the first global, phase 3, ran-
domized, double-blind, PL-controlled study to reveal
improved median PFS with antiangiogenic plus EGFR
TKI combination therapy,18,24 confirming the results
obtained in the randomized phase 2 (JO25567) and
phase 3 (NEJ026) Japanese open-label studies of bev-
acizumab plus ERL.17,27 In this RELAY Japanese subset,
PFS was longer and TTCT was delayed for patients
receiving RAM þ ERL compared with patients receiving
PL þ ERL. Furthermore, the rates of postprogression
T790M acquisition were similar across treatment arms
(population 2: 47% [RAM þ ERL] versus 50% [PL þ
ERL]) and similar to the RELAY global and East Asian
populations.18,24 The cumulative incidence of T790M
across increasing numbers of treatment cycles received
before progression suggests that RAM þ ERL might
delay the emergence of this resistance mechanism;
however, the sample size was limited. T790M is a
resistance mechanism for which effective targeted
treatment, that is, osimertinib, is available. In the phase 3
AURA3 study, median PFS was significantly longer with
osimertinib than with platinum therapy plus pemetrexed
(10.1 versus 4.4 mo, respectively; HR ¼ 0.30, 95% CI:
0.23–0.41, p < 0.001) in patients with T790M-positive
advanced NSCLC in whom disease had progressed dur-
ing first-line EGFR TKI therapy.28 These results suggest
that for patients with NSCLC who acquire the T790M
mutation, treatment sequence could comprise first-line
EGFR TKI plus antiangiogenic therapy, second-line osi-
mertinib, and then chemotherapy. The results of the
RELAY global study, and the East Asian and Japanese
subset analyses, reveal that antiangiogenic plus EGFR
TKI combination therapy is a viable first-line treatment
strategy for patients with NSCLC with EGFR
mutations.18,24

Preclinical studies revealed that EGFR-activating
mutations have differential sensitivity to EGFR TKIs.5,6

In a meta-analysis of 12 trials, patients with NSCLC
with ex19del mutation had longer PFS and OS, and
higher response rates, with EGFR TKI therapy than
patients with ex21.L858R mutation.8 In the RELAY
global ITT population, PFS benefit with RAM þ ERL
treatment was similar for both EGFR mutation sub-
groups (median [95% CI] PFS: ex21.L858R: 19.4 [14.1–
21.9] mo; HR [95% CI]: 0.62 [0.44–0.87]; ex19del, 19.6
[15.1–22.2] mo; HR: 0.65 [0.47–0.90]).18 A PFS benefit
for ex21.L858R patients with RAM þ ERL treatment
was also observed in the RELAY Japanese population
(median [95% CI] PFS: ex21.L858R: 19.4 [14.1–25.1]
mo; unstratified HR ¼ 0.514 [0.317–0.835]; ex19del:
16.6 [13.9–30.3] mo; unstratified HR ¼ 0.701 [0.424–
1.159]).

Japanese patients are at risk of developing ILD, a
known complication of EGFR TKI therapy.29 The inci-
dence rate of ILD or pneumonitis with EGFR TKI treat-
ment in Japanese patients with NSCLC has been reported
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to be 12.3% with osimertinib and 1.8% with gefitinib.26

In NEJ026, no ILD events were reported with bev-
acizumab plus ERL versus 4% of patients with ERL
monotherapy.27 The incidence of ILD or pneumonitis
with RAM þ ERL in both the RELAY global and Japanese
populations was low (1.0%–1.8%) versus PL þ ERL
(2.7%–4.8%).18 This is an important finding for Japanese
patients because EGFR TKI treatment cannot continue in
patients who develop ILD.

Because the Japanese subset analysis was not pow-
ered to reveal differences between RAM þ ERL and PL þ
ERL, the results need to be interpreted with caution,
although the results do align with those of the global
RELAY study.18 In addition, the exploratory analysis of
EGFR T790M rates was limited to patients with both a
baseline and a 30-day follow-up NGS sample, or to those
with an EGFR-activating mutation detected in the post-
progression 30-day follow-up sample, which further
reduced the sample size.

In conclusion, RELAY revealed a favorable benefit-
risk profile for RAM þ ERL in the first-line treatment
of Japanese patients with EGFR-mutated NSCLC, consis-
tent with the global RELAY population. Liquid biopsy
analyses indicated that the addition of RAM did not
affect the ERL-associated EGFR T790M rates at disease
progression.
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