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Abstract
Background In RELAY, a randomized, double-blind, phase III trial investigating the efficacy and safety of 
ramucirumab+erlotinib (RAM+ERL) or ERL+placebo (PBO) in patients with untreated, stage IV, epidermal growth factor 
receptor (EGFR)-mutated non-small cell lung cancer (NSCLC), RAM+ERL demonstrated superior progression-free survival 
(PFS) versus PBO+ERL, with no new safety signals.
Objective The aim of this paper was to report efficacy and tolerability findings for the Taiwanese participants of RELAY.
Patients and Methods Patients were randomized 1:1 to RAM+ERL or ERL+PBO. Primary endpoint was investigator-
assessed PFS. Secondary endpoints included objective response rate (ORR), duration of response (DoR) and tolerability. 
Data for the current analysis are reported descriptively.
Results In RELAY, 56 Taiwanese patients were enrolled; 26 received RAM+ERL, 30 received ERL+PBO. The demographic 
profile of the Taiwanese subgroup was consistent with that of the overall RELAY population. Median PFS for RAM+ERL/
ERL+PBO, respectively, was 22.05 months/13.40 months (unstratified hazard ratio 0.4; 95% confidence interval 0.2–0.9); 
ORR was 92%/60%; median DoR was 18.2 months/12.7 months. All patients experienced one or more treatment-emergent 
adverse events (TEAEs); those most commonly reported were diarrhea and dermatitis acneiform (58% each) for RAM+ERL 
and diarrhea (70%) and paronychia (63%) for PBO+ERL. Grade ≥  3 TEAEs were experienced by 62%/30% of RAM+ERL/
PBO+ERL patients, respectively, and included dermatitis acneiform (19%/7%), hypertension (12%/7%), and pneumonia 
(12%/0%).
Conclusions PFS for the Taiwanese participants of RELAY receiving RAM+ERL versus ERL+PBO was consistent with 
that in the overall RELAY population. These results, together with no new safety signals and a manageable safety profile, 
may support first-line use of RAM+ERL in Taiwanese patients with untreated EGFR-mutant stage IV NSCLC.
Trial Registration www. clini caltr ials. gov, NCT02411448.

Extended author information available on the last page of the article

1 Introduction

In 2020, lung cancer was the second most common cancer 
worldwide, with approximately 2.21 million new cases, and 
was associated with the highest number of cancer deaths 
at 1.80 million [1]. In Taiwan, lung cancer has the highest 
mortality rate of all cancers and accounts for nearly 19% of 
all cancer deaths [2]. Non-small cell lung cancer (NSCLC) is 
the most prevalent type of lung cancer globally, accounting 
for 85% of all lung cancer cases [3].

Epidermal growth factor receptor (EGFR) gene mutations 
are commonly associated with NSCLC in certain popula-
tions [4] and occur more commonly in East Asian popu-
lations (30–60%) than in Caucasian populations (7–20%) 
[4–6]. EGFR mutations have been reported in 34.0–55.7% of 
Taiwanese patients with lung cancer [5, 7]. Of note, EGFR 
mutations are also more commonly found in women and 
non-smokers [5, 8].

The presence of specific activating EGFR mutations—
exon 19 deletion or exon 21 (L858R) substitution—is indica-
tive of sensitivity to EGFR tyrosine kinase inhibitors (TKIs), 
the current first-line standard of care in EGFR-mutated 
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Key Points 

A potential treatment strategy for patients with epider-
mal growth factor receptor (EGFR)-mutated non-small 
cell lung cancer (NSCLC) is dual inhibition of the EGFR 
and vascular endothelial growth factor (VEGF) signaling 
pathways.

In the global, randomized, phase III RELAY study, the 
combination of ramucirumab, a human immunoglobulin 
G1 monoclonal antibody against VEGF receptor 2, and 
erlotinib, an EGFR tyrosine kinase inhibitor, demon-
strated superior progression-free survival (PFS) versus 
erlotinib plus placebo in patients with untreated, EGFR-
mutated, stage IV NSCLC.

In this exploratory analysis of study data, PFS for the 
Taiwanese participants of RELAY receiving ramu-
cirumab plus erlotinib versus erlotinib plus placebo was 
consistent with that in the overall RELAY population, 
with no new safety signals.

NSCLC [9], and should be considered when deciding on the 
treatment strategy [6, 10]. Unfortunately, most patients with 
EGFR mutant lung cancers receiving EGFR TKIs will even-
tually experience disease progression due to acquired resist-
ance, which limits the long-term efficacy of these agents 
[11–13]. This highlights the need for additional first-line 
treatment options that extend EGFR TKI efficacy and delay 
disease progression and the emergence of TKI resistance.

A potential treatment strategy is dual inhibition of the 
EGFR and vascular endothelial growth factor (VEGF) sign-
aling pathways [14]. EGFR and VEGF have interconnected 
signaling pathways [15]; VEGF is a key regulator of angio-
genesis, and dysregulation of the EGFR pathway results in 
upregulation of the VEGF pathway [15]. Dual inhibition of 
these pathways has been shown to reduce angiogenesis and 
attenuate tumor resistance to EGFR TKIs [14, 16]. Targeting 
these pathways to improve outcomes in patients with EGFR-
mutated NSCLC is supported by preclinical and clinical data 
[15, 17–19].

Ramucirumab (RAM) is a human immunoglobulin G1 
monoclonal antibody against VEGF receptor 2 (VEGFR-2) 
that demonstrated efficacy in patients with untreated, EGFR-
mutated, stage IV NSCLC in the RELAY study [20]. This 
global, randomized, phase III study compared the efficacy 
and safety of RAM combined with the EGFR TKI erlo-
tinib (ERL) versus ERL plus placebo (PBO). East Asian 
patients comprised 75% (336/449) of the overall population 
and included 56 patients from Taiwan (12% of the over-
all population). In the intention-to-treat (ITT) population, 
the primary endpoint, progression-free survival (PFS), was 

significantly longer in the RAM+ERL group compared with 
the ERL+PBO group (median PFS: 19.4 vs 12.4 months; 
stratified hazard ratio [HR] 0.59; 95% confidence interval 
[CI] 0.46–0.76; p < 0.0001). In addition, there were no new 
safety signals and safety outcomes were consistent with 
similar studies investigating RAM and ERL [20].

Currently, RAM+ERL is an approved first-line regimen 
for patients with EGFR-mutated NSCLC in Taiwan. How-
ever, there is a lack of published evidence on the efficacy 
and safety of RAM in Taiwanese patients with NSCLC. This 
manuscript presents the efficacy and safety findings from an 
exploratory analysis of the subgroup of patients from Taiwan 
included in the RELAY study and examines them in the 
context of the overall study results.

2  Methods

2.1  Study Design, Population and Treatment

The RELAY study was a global, double-blind, placebo-
controlled, phase III trial (www. clini caltr ials. gov identi-
fier: NCT02411448) conducted across 13 countries (Can-
ada, France, Germany, Hong Kong, Italy, Japan, Romania, 
South Korea, Spain, Taiwan, Turkey, the UK and the USA). 
Patients were enrolled between 28 January 2016 and 1 Feb-
ruary 2018 across 100 investigator sites. Key inclusion cri-
teria for patient enrolment included age at least 18 years (at 
least 20 years in Taiwan), stage IV NSCLC, EGFR muta-
tion-positive (exon 19 deletion or exon 21 [L858R] substi-
tution), and Eastern Cooperative Oncology Group (ECOG) 
performance status (PS) 0–1. Key exclusion criteria included 
known EGFR T790M mutation, prior treatment with EGFR 
TKI treatment or chemotherapy and central nervous system 
metastases. Patients who met the inclusion criteria were 
randomized 1:1 to receive either RAM+ERL or PBO+ERL 
and treated until progression or unacceptable toxicity was 
evident. The full RELAY study details have been published 
[20]. The study was conducted in accordance with the ethi-
cal principles of the Declaration of Helsinki. Informed con-
sent was obtained from all patients prior to participating in 
the study. The protocol and amendments were approved by 
the ethics committees of all participating centers.

2.2  Endpoints

The primary endpoint was investigator-assessed PFS meas-
ured as time from randomization to disease progression 
or death from any cause, assessed by investigators using 
the Response Evaluation Criteria in Solid Tumors version 
1.1 (RECIST v1.1). Secondary endpoints included overall 
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survival (OS), objective response rate (ORR), disease con-
trol rate (DCR), and duration of response (DoR). Safety 
and tolerability assessments included treatment-emergent 
adverse events (TEAEs), treatment-emergent serious adverse 
events (TE-SAEs), treatment-emergent adverse events (AEs) 
of special interest (TE-AESIs), and deaths, including those 
due to AEs. Exploratory endpoints included PFS2 (time 
from randomization to second objective disease progres-
sion after start of additional systemic anticancer treatment 
or death from any other cause, whichever occurred first).

2.3  Statistical Analysis

The data cut-off date was 23 January 2019. Statistical analy-
sis was descriptive only as RELAY was not powered to show 
statistical significance between treatment arms for the sub-
group of patients in the Taiwanese population. Efficacy end-
points were assessed in the ITT population, which included 
all randomly assigned patients. Analyses were performed 
using Kaplan–Meier methodology to estimate medians 
with 95% CI based on normal approximation. Comparisons 
were made using the unstratified log-rank test. Safety and 
exposure analyses were performed on the safety population. 
The safety population included all randomized patients who 
received at least one dose of an investigational product (i.e., 
RAM or PBO) administered in combination with ERL. The 
extent of exposure was also analyzed by assessment of drug 
exposure and dose intensity. SAS Enterprise Guide, version 
7.15 was used for all statistical analyses.

3  Results

3.1  Baseline and Other Characteristics

The Taiwanese subgroup population consisted of 56 patients 
(12% of the total RELAY study population) randomized 
to receive RAM+ERL (26 patients) or PBO+ERL (30 
patients), enrolled from eight local sites. The majority of 
patients were female (63%) and had never smoked (73%). 
All (100%) patients enrolled in the subgroup received study 
treatment. Baseline characteristics were balanced across 
treatment arms (Table 1). At data cut-off, eight patients were 
on treatment (RAM+ERL: 6 patients [23%]; PBO+ERL: 2 
patients [7%]). Disease progression was the most common 
reason for discontinuing treatment and was higher among 
the PBO+ERL group (PBO+ERL: 26 patients [87%]; 
RAM+ERL: 12 patients [46%]). Post-treatment discontinua-
tion follow-up ended due to loss to follow-up in 1/26 patients 
(3.8%) in the RAM+ERL arm and 2/30 patients (6.7%) in 
the PBO+ERL arm.

3.2  Efficacy Data

After a median duration of follow-up of 20.7 months (inter-
quartile range [IQR] 15.8–27.2), investigator-assessed 
PFS was longer in patients receiving RAM+ERL than in 
those receiving PBO+ERL (median 22.05 months vs 13.40 
months, unstratified HR: 0.4; 95% CI: 0.2–0.9) (Fig. 1A). 
Likewise, the ORR was numerically higher with RAM+ERL 
than with PBO+ERL (92% vs 60%, respectively). DCR was 
similar with RAM+ERL and PBO+ERL (100% vs 93%, 
respectively) (Table 2). The median DoR in patients who 
responded to treatment was longer in the RAM+ERL treat-
ment arm (18.2 months) than in the PBO+ERL treatment 
arm (12.7 months) (Table 2). OS data were immature at cut-
off with a censoring of 92% for RAM+ERL and 93% for 
PBO+ERL (OS HR 1.16; 95% CI: 0.16–8.25). Similarly, 
PFS2 data were immature, with a censoring rate of 92% 
for RAM+ERL and 93% for PBO+ERL (HR 1.16; 95% CI: 
0.16–8.25) (Table 2).  

3.3  Treatment Exposure

The median duration of RAM or PBO therapy was numeri-
cally shorter in patients who received RAM+ERL than in 
those who received PBO+ERL (9.0 vs 11.2 months, respec-
tively) (Table 3). In contrast, the restricted mean duration 
of therapy for RAM or PBO was numerically longer in 
patients who received RAM+ERL than those who received 
PBO+ERL (12.8 vs 11.7 months, respectively) (Table 3). 
The median duration of ERL was numerically longer in 
those receiving RAM than in those receiving PBO (13.7 
months vs 12.4 months, respectively) (Table 3). Relative 
dose intensity was >90% across treatment arms (Table 3). 
In patients receiving RAM or PBO, a lower percentage of 
patients receiving PBO required dose modifications than 
patients receiving RAM (53% vs 81%, respectively).

3.4  Safety

All patients reported at least one TEAE, irrespective of the 
study treatment they received (Table 4). The most commonly 
reported any-grade TEAEs were diarrhea and dermatitis 
acneiform (58% each) for RAM+ERL, and diarrhea (70%) 
and paronychia (63%) for PBO+ERL (Table 5). Dermatitis 
acneiform was the most common grade ≥ 3 TEAE in either 
arm (RAM+ERL 19%; PBO+ERL 7%) and the only grade 
≥ 3 TEAE in PBO+ERL patients (7%) (Table 5). Pneumonia 
and skin infection were the most common grade ≥ 3 SAEs, 
occurring in 12% and 8% of RAM+ERL-treated patients, 
respectively (no patient in the PBO+ERL arm experi-
enced pneumonia or skin infection). One patient receiving 
PBO+ERL experienced grade ≥ 3 pneumothorax (vs none 
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receiving RAM+ERL) (Table 5). Incidence of any-grade 
TE-AESIs was 73% for RAM+ERL patients (vs 20% for 
PBO patients), with bleeding/hemorrhage and liver injury/
failure each seen in 50% of patients. Half of the patients 
receiving PBO+ERL experienced any-grade liver injury/fail-
ure (Table 5). Only one patient (receiving PBO+ERL) expe-
rienced grade ≥ 3 pneumonitis; no other interstitial lung dis-
ease (ILD) events were recorded (Table 5). Only one patient 
treated with RAM+ERL discontinued due to an AE and the 
event was non-serious. No patient receiving ERL+PBO dis-
continued due to an AE (Table 4). The main AEs of any 
grade leading to dose modifications were increased blood 
bilirubin (RAM+ERL 27% vs PBO+ERL 17%), proteinu-
ria (RAM+ERL 23% vs PBO+ERL 0%), increased alanine 
aminotransferase (RAM+ERL 8% vs PBO+ERL 7%), and 
epistaxis (RAM+ERL 8% vs PBO+ERL 0%). No deaths due 
to an AE or within 30 days of discontinuation from study 
treatment were recorded in the Taiwanese subgroup.

4  Discussion

In this exploratory subgroup analysis of the Taiwanese 
patient population within the RELAY study, RAM+ERL 
demonstrated numerically longer PFS versus PBO+ERL in 
patients with untreated metastatic NSCLC and sensitizing 
EGFR mutations. This finding is consistent with that of the 
overall RELAY study (Fig. 1B, in which PFS was signifi-
cantly longer with RAM+ERL vs PBO+ERL (p < 0.0001) 
[20]. The median duration of follow-up for the Taiwanese 
subgroup was consistent with that for the overall RELAY 

population (~ 21 months) and, hence, was considered suf-
ficient for the detection of PFS events. Tolerability likewise 
was consistent between the RAM+ERL treatment arms 
in the Taiwanese subgroup and the overall RELAY safety 
population, with no unexpected safety concerns in the Tai-
wanese subgroup. Considering secondary outcomes, DoR 
was higher with RAM+ERL than with PBO+ERL in both 
the Taiwanese subgroup and the overall RELAY popula-
tion, and DCR was consistent across treatment arms in both 
populations.

The finding that ORR was higher with RAM+ERL than 
with PBO+ERL in the Taiwanese subgroup but similar 
across both groups in the overall RELAY population should 
be interpreted with caution due to the small sample size of 
the Taiwanese subgroup. Overall survival and PFS2 results 
for the Taiwanese subgroup and the overall RELAY popula-
tion were premature at cut-off, precluding comparison of the 
two groups. Patients enrolled in RELAY were representative 
of a real-world NSCLC population with a higher percentage 
of women and non-smokers [22]—a profile reflected in the 
Taiwanese subgroup.

In patients receiving RAM or PBO in the Taiwanese 
subgroup, the median duration of therapy was numeri-
cally shorter in the RAM+ERL treatment arm than in the 
PBO+ERL treatment arm, whereas the duration of therapy 
for ERL was longer in the RAM+ERL arm than in the 
PBO+ERL arm. In contrast, patients in the overall RELAY 
population had longer duration of therapy for both drugs in 
the RAM+ERL arm compared with the PBO+ERL arm. 
The numerically shorter duration of therapy for RAM or 
PBO in patients receiving RAM+ERL versus PBO+ERL in 
the Taiwanese subgroup is probably a consequence of small 

Table 1  Baseline characteristics of the Taiwanese subgroup and the overall RELAY ITT population

a Data published in Nakagawa et al. 2019 [20].
b One patient enrolled with an exon 21 mutation other than L858R and was reported as an important protocol deviation. The patient continued to 
receive study treatment due to continued treatment benefit and was subsequently discontinued from study prior to cycle 30
ECOG European Cooperative Oncology Group, EGFR epidermal growth factor receptor, ERL erlotinib, IQR interquartile range, ITT intention to 
treat, PBO placebo, RAM ramucirumab

Taiwanese subgroup Overall RELAY ITT  populationa

RAM+ERL (n = 26) PBO+ERL (n = 30) RAM+ERL (n = 224) PBO+ERL (n = 225)

Sex, n (%)
 Male 11 (42) 10 (33) 83 (37) 83 (37)
 Female 15 (58) 20 (67) 141 (63) 142 (63)

Age, median (IQR), years 55 (46–62) 61 (54–66) 65 (57–71) 64 (56–70)
Ever smokers, n (%) 7 (27) 8 (27) 64 (29) 73 (32)
ECOG PS 0, n (%) 19 (73) 20 (67) 116 (52) 119 (53)
EGFR mutation, n (%)
 Exon 19 deletion 12 (46) 12 (40) 123 (55) 120 (53)
 Exon 21 (L858R) substitution 13 (50) 18 (60) 99 (44) 105 (47)
  Otherb 1 (4) 0 1 (<1) 0
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sample sizes on the point estimation of the median using 
Kaplan–Meier methodology. This was further explored 
using restricted mean survival time (RMST), an alterna-
tive measure that may overcome some of the limitations 

of proportional hazards modeling. RMST is the average 
time free from an event up until a milestone time point—
a numeric expression of the area under the Kaplan–Meier 
survival curve [23]. In restricted mean analyses, duration of 

Fig. 1  Kaplan–Meier plot of PFS (investigator-assessed) for A Tai-
wanese  subgroupa (n = 56) and B overall RELAY ITT population  
(n = 449)b. aMedian follow-up was 20.7 months (IQR 15·8–27.2). 

bFigure B reproduced [20] with permission from Elsevier.CI confi-
dence interval, ERL erlotinib, HR hazard ratio, ITT intention to treat, 
PBO placebo, PFS progression-free survival, RAM ramucirumab 
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therapy for RAM or PBO in patients receiving RAM+ERL 
versus PBO+ERL in the Taiwanese subgroup was in line 
with findings in the overall RELAY population.

Median duration of treatment was calculated in the 
RELAY study using the last known treatment stop date 
at data cut-off, and so did not take into account patients 
who were still on treatment or those without progression 
who had discontinued study treatment for other reasons. 
Hence, median duration of therapy is an underestimate of 
the true, expected therapy duration. In the overall RELAY 
population, at the time of data cut-off, 107/449 patients 
were still on study treatment, 64/224 patients randomized 
to RAM+ERL and 43/225 randomized to PBO+ERL [20]. 
For the Taiwanese subgroup, 8/56 patients were on treat-
ment at data cut-off, 6/26 receiving RAM+ERL and 2/30 
PBO+ERL. The limited number of patients included in the 
Taiwanese subgroup could have increased the magnitude of 
variability in this finding.

Treatment resistance with first- and second-generation 
EGFR TKIs is primarily mediated through the emergence 
of gatekeeper T790M resistance mutations and remains 
a therapeutic challenge in patients with mutated NSCLC 
[11–13]. The third-generation EGFR TKI, osimertinib, 
inhibits T790M resistance mutations [24, 25] and thus may 
be an effective strategy after first- (or second-) generation 
EGFR TKI treatment failure. Consequently, osimertinib is 
the preferred first-line treatment option for patients with 
EGFR-mutant stage IV NSCLC recommended by the Euro-
pean Society for Medical Oncology (ESMO), the Ameri-
can Society of Clinical Oncology (ASCO) and the National 
Comprehensive Cancer Network (NCCN) [26–28]. How-
ever, the ESMO guidelines note that the osimertinib PFS 
and OS benefits were less pronounced in Asian patients. 
These results were evident from the subgroup analysis of 
the FLAURA study. Patients receiving osimertinib in the 
non-Asian subgroup achieved longer OS than those in the 
Asian subgroup (HR 0.54; 95% CI 0.38–0.77 vs HR 1.00; 

Table 2  Secondary endpoints in the Taiwanese subgroup and the overall RELAY ITT population

a Data published in Nakagawa et al. 2019 [20]
b Stratified according to randomisation strata (EGFR mutation type, gender, region, and EGFR testing method). Note: Taiwanese population used 
an unstratified HR
c OS death events only were recorded in the PFS2 analysis
CI confidence interval, DCR disease control rate, DoR duration of response, EGFR epidermal growth factor receptor, ERL erlotinib, HR hazard 
ratio, ITT intention to treat, mo months, NR not reported, ORR objective response rate, OS overall survival, PBO placebo, PFS progression-free 
survival, RAM ramucirumab

Taiwanese subgroup Overall RELAY ITT  populationa

RAM+ERL  
(n = 26)

PBO+ERL  
(n = 30)

Treatment effect/
estimate

RAM+ERL  
(n = 224)

PBO+ERL  
(n = 225)

Treatment effect/
estimate

ORR (CR+PR), n 
(%) [95% CI]

24 (92) [82–100] 18 (60) [43–78] 171 (76) [71–82] 168 (75) [69–80]

DCR 
(CR+PR+SD), n 
(%) [95% CI]

26 (100) [100–100] 28 (93) [84–100] 213 (95) [92–98] 215 (96) [93–98]

Taiwanese subgroup Overall RELAY ITT  populationa

RAM+ERL  
(n = 24)

PBO+ERL  
(n = 18)

Treatment effect/
estimate

RAM+ERL  
(n = 171)

PBO+ERL  
(n = 168)

Treatment effect/
estimate

DoR
 Median, mo [95% 

CI]
18.2 [9.7–26.2] 12.7 [9.7–16.6] 5.5 18.0 [13.9–19.8] 11.1 [9.7–12.3] 6.9

 HR [95% CI] 0.61 [0.28–1.33] 0.62b [0.48–0.81]
Interim OS
 Censored 24 (92) 28 (93) NR NR
 Median, mo NR NR NR NR
 HR [95% CI] 1.16c [0.16–8.25] 0.83b [0.53–1.30]

PFS2
 Censored 24 (92) 28 (93) NR NR
 Median, mo NR NR NR NR
 HR [95% CI] 1.16c [0.16–8.25] 0.69b [0.49–0.97]
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95% CI 0.75–1.32) [29]. Furthermore, like first- and sec-
ond-generation EGFR TKIs, osimertinib-treated patients 
may also develop treatment resistance. The mechanisms of 
treatment resistance in osimertinib are heterogenous and yet 
to be fully elucidated, highlighting the need for further treat-
ment options.

An additional approach to improve outcomes could be 
the addition of antiangiogenic treatment (e.g., the anti-
VEGFR2 antibody ramucirumab) to an EGFR TKI. Pre-
clinical trials have highlighted the role of VEGF/VEGFR 
expression in EGFR TKI resistance and further reported 

on the efficacy of combining VEGFR inhibitors and 
EGFR TKIs [15, 17]. Combination treatment with ERL 
and an antiangiogenic treatment is an alternative first-line 
therapy recommended by the ESMO, ASCO and NCCN 
when osimertinib is unavailable [26–28]. Ramucirumab 
and bevacizumab are both antiangiogenic treatments 
which have been investigated in separate clinical trials. 
The RELAY study has demonstrated the superiority of 
dual inhibition of VEGF and EGFR signaling pathways 
over EGFR TKI+PBO in global and, specifically, Asian 
populations [20, 30, 31]. The ARTEMIS trial, a phase 

Table 3  Exposure to ramucirumab plus erlotinib or placebo plus erlotinib and relative dose intensity in the Taiwanese subgroup (n = 56) and the 
overall RELAY safety population (n = 446)

a Data published in Nakagawa et al. 2019 [20]
b Restriction time is defined by the latest time where the standard error of the survival estimates is ≤0.075 (restriction time = 27.93 months for 
the Taiwanese subgroup and 33.81 months for the overall RELAY safety population)
c Calculated as (actual amount of drug taken/amount of drug prescribed)*100%
d Data published in Chiu et al. [21]
CI confidence interval, ERL erlotinib, IQR interquartile range, KM Kaplan–Meier, PBO placebo, RAM ramucirumab

Taiwanese subgroup Overall RELAY safety  populationa

RAM+ERL (n = 26) PBO+ERL (n = 30) RAM+ERL (n = 221) PBO+ERL (n = 225)

RAM or PBO
 Duration of therapy, months
 Median (IQR) (descriptive analysis) 9.0 (4.2–17.4) 11.2 (3.7–13.8) 11.0 (4.2–15.6) 9.7 (3.7–15.6)
 Median [95% CI] (KM analysis) 9.7 [5.5–19.5] 11.4 [7.3–13.6] 12.4 [9.7–13.8] 10.1 [8.3–11.4]
 Restricted  meanb [95% CI] 12.8 [8.9–16.6] 11.7 [8.7–14.6] 13.7 [12.2–15.2] 12.5 [11.1–13.9]
 Median relative dose  intensityc (IQR) 94.8 (87.6–100.0) 98.5 (96.2–100.0) 94.9 (86.7–99.9) 97.7 (91.1–100.3)
 Patients requiring dose modification, n (%)d 21 (80.8) 16 (53.3) 168 (76.0) 134 (59.1)

ERL
 Median duration of therapy, months (IQR) 13.7 (7.4–19.8) 12.4 (7.4–19.4) 14.1 (6.5–20.3) 11.2 (5.8–17.9)
 Median relative dose  intensityc (IQR) 95.6 (80.2–100.0) 100 (96.43–100.0) 92.3 (67.5–100.0) 96.3 (70.6–100.0)
 Patients requiring dose modification, n (%) 11 (42.3) 9 (30.0) 168 (76.0) 143 (64.7)

Table 4  Tolerability overview of the Taiwanese subgroup (n = 56) and the overall RELAY safety population (n = 446)

a Data published in Nakagawa et al. 2019 [20]
AE adverse event, ERL erlotinib, PBO placebo, RAM ramucirumab, SAE serious adverse event, TEAE treatment-emergent adverse event, TE-SAE 
treatment-emergent serious adverse event

Events, n (%) Taiwanese subgroup Overall RELAY safety  populationa

RAM+ERL (n = 26) PBO+ERL (n = 30) RAM+ERL (n = 221) PBO+ERL (n = 225)

Any TEAE 26 (100) 30 (100) 221 (100) 225 (100)
Any grade ≥ 3 TEAE 16 (62) 9 (30) 159 (72) 121 (54)
Any TE-SAE 11 (42) 5 (17) 65 (29) 47 (21)
Discontinued due to AE 1 (4) 0 28 (13) 24 (11)
Discontinued due to SAE 0 0 10 (5) 9 (4)
AEs leading to death, on study treatment 0 0 2 (1) 0
AEs leading to death, within 30 days of 

discontinuation
0 0 4 (2) 0
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III, randomized, double-blinded study that compared a 
VEGF inhibitor (bevacizumab) with or without ERL in 
Chinese patients with untreated EGFR-mutant NSCLC, 
also reported a PFS benefit for bevacizumab+ERL over 
ERL alone [32]. The combination of bevacizumab+ERL 
over ERL alone was also investigated in the phase II 
JO25567 study; Japanese patients with stage IIIB–IV 
EGFR-mutant NSCLC, receiving combination therapy of 
bevacizumab + ERL, achieved significant improvement 

in PFS than patients receiving ERL alone although this 
did not translate into a significant improvement in OS 
between the treatment groups [33]. These results were 
validated by the NEJ026 phase III trial that confirmed 
significantly longer PFS in patients receiving combina-
tion therapy of bevacizumab+ERL than patients receiving 
ERL alone [19].

The AE profile was consistent in type and severity 
between the RAM+ERL treatment arms in the Taiwanese 

Table 5  Most common AEs occurring in the Taiwanese subgroup and the overall RELAY safety population

a Data published in Nakagawa et al. 2019 [20]
b Most common defined as occurring in ≥ 30% of patients in any treatment arm
c Most common defined as occurring in ≥ 2 patients in either treatment arm (Taiwanese subgroup)
d In all three cases the SAE was considered not related to study drug
e Most common defined as occurring in ≥ 5% of either treatment arm (Taiwanese subgroup)
AE adverse event, ERL erlotinib, ILD interstitial disease, NR not reported, PBO placebo, RAM ramucirumab, SAE serious adverse event, TEAE 
treatment-emergent adverse event, TE-AESI treatment-emergent adverse event of special interest, TE-SAE treatment-emergent serious adverse 
event

Events, n (%) Taiwanese subgroup Overall RELAY safety  populationa

RAM+ERL (n = 26) PBO+ERL (n = 30) RAM+ERL (n = 221) PBO+ERL (n = 225)

Any grade Grade ≥ 3 Any grade Grade ≥ 3 Any grade Grade ≥ 3 Any grade Grade ≥ 3

TEAEsb

 Diarrhea 15 (58) 0 21 (70) 0 155 (70) 16 (7) 160 (71) 3 (1)
 Dermatitis acneiform 15 (58) 5 (19) 13 (43) 2 (7) 149 (67) 33 (15) 153 (68) 20 (9)
 Paronychia 12 (46) 0 19 (63) 0 118 (53) 9 (4) 114 (51) 7 (3)
 Alanine aminotransferase increased 3 (12) 0 6 (20) 0 94 (43) 19 (9) 70 (31) 17 (8)
 Insomnia 10 (39) 0 8 (27) 0 NR NR NR NR
 Stomatitis 9 (35) 1 (4) 11 (37) 0 92 (42) 4 (2) 82 (36) 3 (1)
 Aspartate aminotransferase increased 5 (19) 0 3 (10) 0 92(42) 11 (5) 58 (26) 10 (4)
 Dry skin 4 (15) 0 6 (20) 0 83 (38) 0 91 (40) 5 (2)
 Alopecia 1 (4) 0 1 (3) 0 75 (34) 0 44 (20) 0
 Pruritis 9 (35) 0 5 (17) 0 51 (23) 2 (<1) 66 (29) 2 (<1)
 Proteinuria 9 (35) 1 (4) 2 (7) 0 75 (40) 6 (3) 19 (8) 0
 Epistaxis 6 (23) 0 2 (7) 0 74 (33) 0 27 (12) 0
 Blood bilirubin increased 8 (31) 0 8 (27) 0 68 (31) 3 (1) 70 (31) 2 (<1)
 Cough 8 (31) 0 7 (23) 0 48 (22) 1 (<1) 35 (16) 0
 Rash 7 (27) 0 14 (47) 0 39 (18) 2 (<1) 54 (24) 5 (2)

Any TE-SAEc 11 (42) 10 (39) 5 (17) 4 (13) 65 (29) 50 (23) 47 (21) 35 (16)
 Pneumonia 3d (12) 3 (12) 0 0 7 (3) 6 (3) 1 (<1) 0
 Skin infection 2 (8) 2 (8) 0 0 2 (<1) 2 (<1) 0 0
 Pneumothorax 0 0 2 (7) 1 (3) 4 (2) 1 (<1) 3 (<1) 2 (<1)

Any TE-AESIe 19 (73) 5 (19) 6 (20) 2 (7) 176 (80) 63 (29) 88 (39) 20 (9)
 Bleeding/hemorrhage 13 (50) 1 (4) 2 (7) 0 121 (55) 4 (2) 59 (26) 4 (2)
 Liver injury/failure 13 (50) 0 15 (50) 1 (3) 140 (63) 31 (14) 120 (53) 28 (12)
 Proteinuria 9 (35) 1 (4) 2 (7) 0 76 (34) 6 (3) 19 (8) 0
 Hypertension 7 (27) 3 (12) 2 (7) 2 (7) 100 (45) 52 (24) 27 (12) 12 (5)
 Gastrointestinal hemorrhage 3 (12) 1 (4) 0 0 23 (10) 3 (<1) 6 (3) 1 (<1)
 Pulmonary hemorrhage 2 (8) 0 1 (3) 0 15 (7) 1 (<1) 4 (2) 1 (<1)

Other TEAE of interest
 ILD including pneumonitis 0 0 1 (3) 1 (3) 3 (1) 1 (<1) 4 (2) 2 (<1)
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subgroup and the overall RELAY safety population. The 
most commonly observed TEAEs in patients receiving 
RAM+ERL or PBO+ERL in either study group, diar-
rhea and dermatitis acneiform, are known AEs associated 
with ERL therapy [34, 35]. Since EGFR is expressed in 
numerous cell tissues including the skin and gastroin-
testinal tract (GIT), the inhibition of EGFR TK activity 
has direct effects on these organ systems although exact 
mechanisms are poorly understood. In the skin, EGFR 
inhibition ultimately results in inflammation-induced 
dermatitis acneiform [35]. In the GIT, multiple factors 
are considered to be the cause of diarrhea; one theory is 
excess chloride which leads to secretory diarrhea [36]. 
Diarrhea and dermatitis acneiform of any grade was 
numerically higher in both treatments arms of the Japa-
nese and overall RELAY safety population than in the 
Taiwanese subgroup; however, this could be explained 
by the small sample size [20, 31].

Hypertension is a known AE of VEGF inhibitor ther-
apy [36], and was the most common grade ≥ 3 TE-AESI 
among both the Taiwanese subgroup and the overall 
RELAY safety population. ILD is one of the most seri-
ous AEs associated with TKIs. Despite the use of steroids 
to treat ILD, patients receiving TKIs for NSCLC often 
discontinue TKI therapy [37]. Globally, the incidence 
of TKI-induced ILD in patients with NSCLC is approxi-
mately 1%; a higher incidence (3.5%) has been reported in 
Japanese populations [37, 38]. Only one ILD/pneumonitis 
event was reported (in a patient receiving PBO+ERL) in 
the Taiwanese subgroup, and this is consistent with the 
few such events reported in the overall RELAY popula-
tion [20].

5  Limitations/Strengths

The small size of the Taiwanese subgroup and retrospec-
tive nature of the study are major limitations of this analy-
sis, preventing powered statistical analysis. Interpretation 
of the findings and their extrapolation to a broader Taiwan-
ese population should therefore be made in this context. 
Of note, however, is that the descriptive results observed 
in the Taiwanese subgroup were generally consistent with 
those reported in the overall RELAY population.

6  Conclusion

PFS for the Taiwanese subgroup of patients with untreated 
EGFR mutation-positive stage IV NSCLC receiving first-
line treatment with RAM+ERL versus ERL+PBO in the 
RELAY study appeared to be consistent with that in the 

overall RELAY population. These results, together with 
no new safety signals and a manageable safety profile, 
may support the first-line use of RAM+ERL in untreated 
EGFR-mutant stage IV NSCLC in a Taiwanese population.
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