
Vol.:(0123456789)

Drug Safety (2022) 45:45–64 
https://doi.org/10.1007/s40264-021-01127-2

ORIGINAL RESEARCH ARTICLE

RELAY, Ramucirumab Plus Erlotinib Versus Placebo Plus Erlotinib 
in Patients with Untreated, Epidermal Growth Factor Receptor 
Mutation‑Positive, Metastatic Non‑Small‑Cell Lung Cancer: Safety 
Profile and Manageability

Ernest Nadal1  · Hidehito Horinouchi2 · Jin‑Yuan Shih3 · Kazuhiko Nakagawa4 · Martin Reck5 · Edward B. Garon6 · 
Yu‑Feng Wei7 · Jens Kollmeier8 · Bente Frimodt‑Moller9 · Emily Barrett10 · Olga Lipkovich11 · Carla Visseren‑Grul12 · 
Silvia Novello13

Accepted: 17 October 2021 / Published online: 20 December 2021 
© The Author(s) 2021

Abstract
Introduction RELAY was a global, double-blind, placebo-controlled phase III study that demonstrated superior progression-
free survival (PFS) for ramucirumab plus erlotinib (RAM + ERL) versus placebo plus erlotinib (PBO + ERL) in the first-line 
treatment of patients with epidermal growth factor receptor (EGFR) exon 19 deletion or exon 21 (L858R) mutation-positive, 
metastatic non-small-cell lung cancer (NSCLC).
Objective This article provides an in-depth analysis of the safety profile of RAM + ERL versus PBO + ERL observed in 
RELAY.
Methods Eligible patients met these criteria: stage IV NSCLC; EGFR exon 19 deletion or exon 21 substitution (L858R) 
mutation; Eastern Cooperative Oncology Group performance status 0 or 1; and no central nervous system metastases. Patients 
were randomized (1:1) to receive erlotinib 150 mg/day orally plus either ramucirumab 10 mg/kg intravenously or matching 
placebo once every 2 weeks, until disease progression or unacceptable toxicity. The primary endpoint was PFS. Safety was 
evaluated based on reported treatment-emergent adverse events (AEs) and clinical laboratory assessments.
Results The safety population comprised 446 patients (221 in RAM+ERL arm; 225 in PBO + ERL arm) who received at 
least one dose of study drug between January 2016 and February 2018. The overall incidence of grade ≥ 3 AEs was higher 
with RAM + ERL than with PBO + ERL, primarily driven by grade 3 hypertension. Grade ≥ 3 dermatitis acneiform and 
diarrhea were also reported more frequently in the RAM + ERL arm. The increased incidence of AEs with RAM + ERL 
was easily detected through routine monitoring and managed through dose adjustments and appropriate supportive care.
Conclusion This in-depth safety analysis from RELAY supports that RAM + ERL, irrespective of the increased incidence 
of AEs, does not affect a patient’s ability to benefit from treatment.
Clinical Trial Registration Number NCT02411448.
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1 Introduction

Metastatic non-small-cell lung cancer (NSCLC) with acti-
vating epidermal growth factor receptor (EGFR) mutations 
is a serious and life-threatening disease in which all patients 
will eventually develop treatment resistance and disease 
progression on current standard-of-care therapy [1, 2]. One 
strategy to further improve outcomes in these patients is to 
combine an EGFR-tyrosine kinase inhibitor (TKI) with a 

vascular endothelial growth factor (VEGF) signaling path-
way inhibitor [3]. VEGF plays a key role in tumor angio-
genesis, and dual blockade of the EGFR and VEGF receptor 
(VEGFR) pathways in EGFR mutation-positive NSCLC has 
demonstrated improved tumor control compared with EGFR 
inhibition alone [4–7].

Ramucirumab, a human immunoglobulin G1 monoclo-
nal antibody targeting VEGFR2 has, as a single agent or in 
combination with different chemotherapy regimens, been 
approved for second-line treatment of NSCLC, gastric or 
gastroesophageal junction adenocarcinoma, colorectal can-
cer, and hepatocellular carcinoma. More recently, ramu-
cirumab in combination with erlotinib (RAM + ERL) has 
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Key Points 

This in-depth safety analysis from the RELAY trial sup-
ports that ramucirumab plus erlotinib (RAM + ERL), 
irrespective of an increased incidence of adverse events 
(AEs), did not affect the possibility of a patient benefit-
ing from treatment.

RAM+ERL did not lead to more treatment discontinu-
ation due to AEs, despite an overall higher incidence of 
grade ≥ 3 AEs, including in the subgroup of patients 
aged ≥ 70 years. Overall, the AEs were manageable and 
the safety profile of RAM + ERL was consistent with 
expectations based on the established safety profile of 
the individual treatment components. The safety profile 
by race (Asian and non-Asian) was similar to that of the 
overall population.

RAM + ERL offers a tolerable and effective option 
for the first-line treatment of epidermal growth factor 
receptor exon 19 deletion or exon 21 (L858R) mutation-
positive metastatic non-small-cell lung cancer.

been approved for first-line treatment of metastatic EGFR 
exon 19 deletion or exon 21 (L858R) mutation-positive 
NSCLC based on a randomized phase III study (RELAY). 
In RELAY, RAM + ERL showed superior progression-
free survival (PFS) versus placebo plus erlotinib (PBO + 
ERL; median PFS 19.4 vs. 12.4 months; hazard ratio [HR] 
0.59; 95% confidence interval [CI] 0.46–0.76; p < 0.0001). 
Safety was consistent with the established safety profiles of 
the individual compounds and a metastatic NSCLC popula-
tion [8].

Anti-angiogenic treatment is associated with a specific 
adverse event profile because of the inhibition of the VEGF/
VEGFR2 signaling pathway. This article provides an in-
depth analysis of the safety profile of RAM + ERL versus 
PBO + ERL observed in RELAY, focusing on manageability 
and the resource utilization of patients. These assessments 
are important for informed decision making by clinicians 
and patients.

2  Methods

2.1  RELAY Study Design

The study design and patient eligibility have been previ-
ously published [8]. Briefly, RELAY was a global, double-
blind, placebo-controlled phase III study (clinicaltrials.gov 
NCT02411448). Eligible patients met the following criteria: 

stage IV NSCLC; eligible for first-line treatment with erlo-
tinib on the basis of EGFR exon 19 deletion or exon 21 
(L858R) mutation; Eastern Cooperative Oncology Group 
performance status of 0 or 1; measurable disease accord-
ing to RECIST 1.1 (Response Evaluation Criteria in Solid 
Tumors) [20]; and adequate hematological and organ func-
tion with a urinary protein ≤ 1 + on dipstick or routine uri-
nalysis. Exclusion criteria included known EGFR T790M 
mutation, central nervous system metastases, uncontrolled 
hypertension, and history of significant bleeding. Further 
eligibility criteria are available in the electronic supplemen-
tary material (ESM) pp 1. Patients were randomized (1:1) to 
receive either intravenous ramucirumab 10 mg/kg or match-
ing placebo every 2 weeks plus oral erlotinib 150 mg daily. 
Premedication with a histamine  H1 antagonist was required 
prior to infusion of ramucirumab or placebo.

Patients continued therapy until progression, unaccep-
table toxicity, withdrawal of consent, noncompliance, or 
investigator decision. All patients provided written informed 
consent, and the study was approved by all relevant ethical 
committees.

2.2  Assessments and Procedures

Safety was evaluated based on reported treatment-emergent 
adverse events (AEs) and clinical laboratory assessments. 
Hematology, serum chemistry, and urine analysis were 
performed prior to every cycle, and the coagulation profile 
every four cycles or more frequently, as clinically indicated.

AEs and resource utilization were monitored throughout 
the study treatment period and for 30 days post treatment 
discontinuation. Unresolved serious AEs (SAEs) related to 
study treatment or protocol procedures were monitored dur-
ing the long-term follow-up period until resolution, loss to 
follow-up, or death.

AEs were coded using the Medical Dictionary for Regula-
tory Activities and graded using the National Cancer Insti-
tute—Common Terminology Criteria for Adverse Events, 
version 4.0 (NCI-CTCAE v4.0). Clinical laboratory results 
were graded using NCI-CTCAE v4.0 and summarized by 
worst grade severity.

The study protocol specified monitoring and handling of 
AEs, including guidelines for dose adjustments based on the 
observed toxicity assessment. Protocol-required dose modifi-
cations for treatment-related toxicities are shown in ESM pp. 
1. According to the protocol, step-wise reduction of ramu-
cirumab/placebo dosing to 8, 6, or 5 mg/kg and erlotinib to 
100 or 50 mg/day because of AEs was allowed. Treatment 
with ramucirumab/placebo could be delayed for up to 42 
days, and ERL for up to 3 weeks, to enable recovery from 
AEs. If RAM or PBO were discontinued because of AEs, 
the patient could remain on ERL; similarly, patients could 
continue to receive RAM or PBO if ERL was discontinued.
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2.3  Analyses

Safety was assessed in all patients who received at least one 
dose of study treatment. Results were analyzed descriptively 
by study treatment arm (RAM + ERL or PBO + ERL) and 
included the following: duration of therapy and number of 
infusions per patient; relative dose intensities (%), calcu-
lated as the actual amount of drug taken / amount of drug 
planned per protocol × 100; the proportion of patients with 
AEs; and summaries of AEs for the prespecified patient sub-
groups of age (< 70 and ≥ 70 years) and race (Asian and 
non-Asian). Exposure-adjusted incidence rates were calcu-
lated for selected AEs to adjust for the observed difference in 
exposure (treatment duration) between treatment arms using 
the following formula: incidence rate/100 PY = n/PY × 100, 
where PY is person-year, defined as the sum of individual 
patient treatment durations converted to the unit of year, and 
n = number of patients with the AE. Association analyses 
between selected events (e.g., proteinuria and renal failure) 
were evaluated [27] computing odds ratios with exact CIs 
using Fisher’s exact test [9].

Resource utilization data included hospitalization inci-
dence rates, the total number of days in hospital, the pro-
portion of patients receiving at least one transfusion and the 
type of transfusion and the proportion of patients receiving 
supportive care during the study treatment period.

No formal statistical testing was conducted for these 
safety analyses.

3  Results

3.1  Patient Population

Data cutoff was 23 January 2019. A total of 449 patients 
were enrolled. The safety population comprised 446 patients 
(221 in the RAM + ERL arm and 225 in the PBO + ERL 
arm), as three patients in the RAM + ERL arm did not 
receive treatment. Baseline characteristics were balanced 
between the two treatment arms [8]. Median follow-up time 
was 20.7 months (range 0.1–35.4).

3.2  Exposure

In a censored analysis (patients still on study treatment were 
censored at the time of data cutoff), the median duration of 
exposure was 12.4 months for ramucirumab, 10.1 months 
for placebo, and 15.1 versus 11.2 months for erlotinib in 
the RAM + ERL versus PBO + ERL arms, respectively 
(Table 1). The median relative dose intensity of each study 
drug was high (> 90%) and comparable between treatment 
arms.

3.3  Treatment‑emergent Adverse Event Profile 
Overview

All patients reported at least one AE, the majority of which 
were grade 1–2 in severity (Fig. 1). AEs (any grade) occur-
ring in ≥ 20% of patients in the RAM+ERL arm and with a 
≥ 10% higher incidence than in the PBO + ERL arm were 
hypertension, alanine aminotransferase (ALT) increased, 
aspartate aminotransferase (AST) increased, alopecia, 
proteinuria, epistaxis, and peripheral edema (Fig. 1). The 
overall incidence of grade ≥ 3 AEs was higher with RAM 
+ ERL than with PBO + ERL, primarily driven by grade 
3 hypertension. The grade ≥ 3 AEs that occurred at a ≥ 
5% higher incidence with RAM + ERL than with PBO + 
ERL were hypertension, dermatitis acneiform, and diarrhea. 
These events were all grade 3 in severity; none were grade 
4 or 5. The incidence of grade 4 events was low and similar 
between treatment arms (5% for RAM + ERL vs. 4% for 
PBO + ERL). The most common grade 4 events were ALT 
increased and abnormal hepatic function [8]. Grade 5 events 
are discussed in Sect. 3.4.

3.4  Serious adverse events (SAEs)

A higher percentage of patients treated with RAM + ERL 
than with PBO + ERL experienced SAEs. Most SAEs 
occurred in one patient each (Fig. 2). The most common 
any-grade SAEs occurring in two or more patients and with 
a ≥ 1% higher incidence in the RAM + ERL than PBO + 
ERL arm were pneumonia, cellulitis, decreased appetite, and 
diarrhea. With the exception of decreased appetite, these 
SAEs were also the most common grade ≥ 3 SAEs.

Six deaths in the RAM + ERL arm and none in the 
PBO + ERL arm were due to adverse events during study 
treatment or within 30 days of treatment discontinuation 
(Table 2). Only one (hemothorax) was assessed as related 
to study treatment by the investigator. This occurred 28 
days after the last dose of ramucirumab in a patient who 
had undergone thoracic drainage for pleural empyema 6 
days previously. Three of the deaths considered not related 
(renal failure and two cases of pneumonia) occurred several 
months after discontinuation of ramucirumab and while on 
erlotinib. For the two remaining deaths (influenza-associated 
encephalitis and lymphoma), there was no biological plau-
sibility suggesting a causal relationship with ramucirumab.

3.5  AEs of Special Interest

3.5.1  Overview

The AEs of special interest (AESI) are prespecified groups 
of AEs potentially associated with anti-angiogenic agents 
that inhibit VEGF or VEGFR2 signaling pathways or that 
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were observed in preclinical or clinical studies of ramu-
cirumab [10–15]. These include hypertension, proteinuria, 
bleeding/hemorrhage, and liver failure/injury (“hepatic 
events”).

The majority of these AESIs were low grade in severity 
(Fig. 3); the incidence of AESIs over time is presented in 
Fig. 4.

3.5.2  Hypertension

The incidence of hypertension was higher in the RAM + 
ERL arm than in the PBO + ERL arm (any grade: 45 vs. 
12%; grade ≥ 3: 24 vs. 5%). The differences between arms 
remained following exposure-adjusted incidence analysis. 
No cases of malignant hypertension or hypertensive crisis 

were noted. The majority of patients experiencing hyperten-
sion in both treatment arms had a single event (any grade: 
87 vs. 85%; grade ≥ 3: 98 vs. 75%; RAM + ERL vs. PBO + 
ERL, respectively). Approximately one-half of the patients 
who experienced a grade ≥ 3 event in both arms had a prior 
history of hypertension. The two SAEs of grade 3 hyperten-
sion were reported in the RAM + ERL arm only. Neither of 
the serious hypertension events led to secondary cardiac or 
cerebrovascular complications.

Hypertension was generally reversible and was managed 
with antihypertensive therapy and/or dose modifications as 
clinically indicated per protocol. Consistent with the higher 
incidence of hypertension, more patients in the RAM + ERL 
arm than in the PBO + ERL arm received supportive antihy-
pertensive therapies (69 vs. 42%, respectively) (Table 3). A 

Table 1  Exposure to study treatments and overall dose adjustments in RELAY

Data are presented as median (range) or n (%) unless otherwise indicated. The data cutoff date was 23 January 2019
AE treatment-emergent adverse events, ERL erlotinib, N number of patients, n number of patients in the specified category, NA not applicable, 
PBO placebo, RAM ramucirumab
a Data are from a censored analysis in which 64 patients in the RAM +ERL arm and 43 patients in the PBO + ERL arm were censored because 
of continuing study treatment
b Relative dose intensity was calculated as (actual amount of drug taken / amount of drug planned per protocol) × 100
c Dose delays of erlotinib were not captured on the case report form

Study treatment exposure and dose adjustments RAM + ERL (n = 221) PBO + ERL (n = 225)

RAM ERL PBO ERL

Duration of therapy (months)a 12.4 (0.5–33.8) 15.1 (0.0–33.8) 10.1 (0.5–35.4) 11.2 (0.4–35.5)
Infusions received per patient 21.0 (1.0–69.0) NA 19.0 (1.0–74.0) NA
Relative dose intensity (%)b 94.5 (42.9–112.1) 92.3 (30.2–100) 97.7 (54.2–106.7) 96.3 (27.9–100)
Patients with at least one dose adjustment 168 (76.0) 143 (64.7) 133 (59.1) 134 (59.6)
Patients with a dose reduction 23 (10.4) 99 (44.8) 4 (1.8) 96 (42.7)
 One dose reduction 14 (6.3) 64 (29.0) 3 (1.3) 71 (31.6)
 Two dose reductions 7 (3.2) 31 (14.0) 1 (0.4) 22 (9.8)
 Three or more dose reductions 2 (0.9) 4 (1.8) 0 3 (1.3)

Reasons leading to dose reductions
 AE 23 (10.4) 96 (43.4) 4 (1.8) 93 (41.3)
 Others 0 10 (4.5) 0 10 (4.4)

Patients with a dose  delayc 147 (66.5) NA 121 (53.8) NA
 One dose delay 50 (22.6) NA 50 (22.2) NA
 Two dose delays 33 (14.9) NA 31 (13.8) NA
 Three or more dose delays 64 (29.0) NA 40 (17.8) NA

Reasons leading to dose delays
 AE 140 (63.3) NA 102 (45.3) NA
 Scheduling conflict 32 (14.5) NA 37 (16.4) NA

Patients with a dose omission 62 (28.1) 119 (53.8) 28 (12.4) 118 (52.4)
 One dose omission 50 (22.6) 51 (23.1) 18 (8.0) 54 (24.0)
 Two dose omissions 8 (3.6) 24 (10.9) 3 (1.3) 29 (12.9)
 Three or more dose omissions 4 (1.8) 44 (19.9) 7 (3.1) 35 (15.6)

Reasons leading to dose omissions
 AE 48 (21.7) 116 (52.5) 20 (8.9) 113 (50.2)
 Others 17 (7.7) 34 (15.4) 11 (4.9) 30 (13.3)



49RELAY: An In-Depth Safety Analysis of Ramucirumab Plus Erlotinib in Metastatic EGFR-Mutated NSCLC

Fig. 1  Treatment-emer-
gent adverse events occurring in 
≥ 20% of patients in the RAM 
+ ERL arm in RELAY. ERL 
erlotinib,PBO placebo, RAM 
ramucirumab
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Fig. 2  Serious adverse events reported in two or more patients in the RAM + ERL arm in RELAY. ERL erlotinib, PBO placebo, RAM ramu-
cirumab
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Table 2  Deaths due to adverse events while receiving study treatment or within 30 days of all study treatment discontinuation

COPD chronic obstructive pulmonary disease, CT computed tomography, ERL erlotinib, RAM ramucirumab, VATS video-assisted thorascopic 
surgery
a Investigator assessed as related to RAM; others not considered related to either study drug

Adverse event (age) Therapy at time of AE Event details

Hemothoraxa

(57 years)
RAM, ERL Event start: day 74 (28 days after last dose of RAM); 5 days after thoracic drainage for pleural 

empyema
Renal failure
(66 years)

ERL Event start: day 846 (202 days after last dose of RAM); medical history: bilateral hydrone-
phrosis

Pneumonia
(74 years)

ERL Event start: day 483 (454 days after last dose of RAM); medical history: ex-smoker and VATS 
partial lung resection

Pneumonia bacterial
(65 years)

ERL Event start: day 318 (141 days after last dose of RAM; 5 days after last dose of ERL); medical 
history: ex-smoker, COPD, recurrent pneumothorax, bulla ligation, lung infections

Encephalitis influenza
(59 years)

RAM, ERL Event start: day 9 (9 days after one dose of RAM); confirmed on microbiological testing

Lymphoma
(53 years)

RAM, ERL Event start: day 80 of treatment; non-biopsy proven: small intestinal lymphoma following 
abdominal CT scan for melena; discontinued all study treatments because of progressive 
lung cancer day 92; died day 97
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Fig. 3  Treatment-emergent adverse events of special interest in RELAY. ERL erlotinib, PBO placebo, RAM ramucirumab

Fig. 4  Number of patients experiencing adverse events of special 
interest (all grades) over time in RELAY: a hypertension, b pro-
teinuria, c bleeding/hemorrhage, d hepatic events, e dermatitis, and f 
diarrhea. The frequencies of selected adverse events across treatment 
cycles were plotted by treatment arm using a stacked bar chart, where 
each bar represents one cycle and comprises four mutually exclusive 
groups: patients without events and patients with events of maximum 
grades 1, 2, or ≥ 3 in a given cycle. Plots are presented by treatment 
arm. ERL erlotinib, PBO placebo, RAM ramucirumab

small proportion of patients (5%) had ramucirumab or pla-
cebo dose adjustments because of hypertension (Fig. 5). One 
patient in each treatment arm discontinued ramucirumab 
(grade 2) or placebo (grade 3) alone because of hyperten-
sion. The median number of ramucirumab or placebo infu-
sions was similar to the median number of infusions in the 
overall safety population.

Additional analyses showed that the occurrence of hyper-
tension in the RAM + ERL arm was not associated with 
either preexisting hypertension, headache, cardiovascular, 

▸
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or cerebrovascular conditions but was associated with pro-
teinuria and epistaxis.

3.5.3  Proteinuria

The incidence of any-grade proteinuria was higher with 
RAM + ERL than with PBO + ERL (34 vs. 8%). This differ-
ence between arms remained following adjustment of inci-
dence for exposure. The vast majority of proteinuria events 
were low grade. Grade ≥ 3 proteinuria was reported in 3% 
of patients, all in the RAM + ERL arm and all grade 3 in 
severity. Only one patient in the RAM + ERL arm experi-
enced serious proteinuria. No patients experienced nephrotic 
syndrome.

Proteinuria was the most common AE leading to dose 
adjustments of ramucirumab (12%), with no dose adjust-
ments occurring in the PBO + ERL arm (Fig. 5). In total, 
1% of patients discontinued all study treatment and 9% of 
patients discontinued RAM alone (Fig. 6). In patients who 
experienced any-grade proteinuria, the median number of 
ramucirumab or placebo infusions received was similar 
between treatment arms (ramucirumab 27.0 [range 2.0–67.0] 
vs. placebo 24.0 [range 2.0–73.0], respectively) and was 
similar to the median number of ramucirumab or placebo 
infusions in the overall safety population.

As would be expected clinically, association analyses 
indicated that proteinuria was associated with peripheral 
edema. An association was also observed between the occur-
rence of proteinuria and hypertension. No association was 
found between proteinuria and renal failure.

3.5.4  Bleeding/Hemorrhage

The incidence of any-grade bleeding/hemorrhage was 
higher with RAM + ERL than with PBO + ERL (55 vs. 
26%, respectively) (Fig. 7), mainly driven by low-grade 
epistaxis, followed by gingival bleeding. The incidence of 
grade ≥ 3 bleeding events was similar between treatment 
arms (2%). Following exposure-adjusted incidence analy-
sis, similar differences of any-grade and grade ≥ 3 bleeding 
events were noted between treatment arms. No grade 4 or 5 
events occurred in either treatment arm.

The incidence of any-grade pulmonary hemorrhage was 
higher with RAM + ERL than with PBO + ERL (7 vs. 2%) 
(Fig. 7), primarily driven by grade 1 hemoptysis (5 vs. ≤ 
0.5%). Grade ≥ 3 pulmonary bleeding was low (≤ 0.5%), 
regardless of treatment arm. There was one grade 5 hemo-
thorax in the RAM + ERL arm (Sect. 3.4). These differences 
between arms for pulmonary hemorrhage remained follow-
ing exposure-adjusted incidence analysis.

SAEs were observed mainly as singular events in seven 
(RAM + ERL) and two (PBO + ERL) patients, with the 

exception of small intestinal hemorrhage reported in two 
patients in the RAM + ERL arm (Fig. 2).

Dose adjustments of ramucirumab or placebo for bleed-
ing or hemorrhage were reported in 5 versus 2% of patients, 
respectively, with a similar percentage of dose adjustments 
due to grade ≥ 3 events, regardless of treatment arm. The 
rate of discontinuation of all study treatment due to bleed-
ing/hemorrhage events was low and similar between treat-
ment arms. Four patients discontinued ramucirumab alone 
(grade 1 hemoptysis, grade 2 epistaxis, grade 2 melena, and 

Table 3  Treatment-emergent adverse event-associated resource use in 
RELAY

Data are presented as n (%) or median (range)
AE treatment-emergent  adverse event, ERL erlotinib, H1 histamine 
receptor 1, PBO placebo, RAM ramucirumab

Resource use RAM + ERL
(n = 221)

PBO + ERL
(n = 225)

Hospitalizations
 Patients hospitalized due to AEs 66 (29.9) 44 (19.6)
 Duration of hospitalization, days 12 (1–67) 11 (2–36)

Transfusions
 Any transfusion 8 (3.6) 0
 Packed red blood cells 7 (3.2) 0
 Platelets 2 (0.9) 0

Supportive care
 Dermatological products 195 (88.2) 202 (89.8)
  Topical steroids 176 (79.6) 187 (83.1)
  Emollients and protectives 133 (60.2) 128 (56.9)
  Antibiotics 92 (41.6) 77 (34.2)

 Systemic antimicrobials 194 (87.8) 192 (85.3)
  Antibiotics 191 (86.4) 190 (84.4)
  Antivirals 19 (8.6) 19 (8.4)
  Antifungals 7 (3.2) 4 (1.8)

 Analgesics 173 (78.3) 147 (65.3)
 Antihypertensives 153 (69.2) 95 (42.2)
  Calcium channel antagonists 110 (49.8) 56 (24.9)
  Angiotensin II inhibitors 108 (48.9) 60 (26.7)
  Diuretics 49 (22.2) 16 (7.1)

  H1 antagonists 135 (61.1) 123 (54.7)
 Antidiarrheals 130 (58.8) 126 (56.0)
 Acid suppressants/protectants 116 (52.5) 109 (48.4)
 Stomatological preparations 103 (46.6) 82 (36.4)
 Systemic corticosteroids 77 (34.8) 84 (37.3)
 Antiemetics 76 (34.4) 63 (28.0)
 Antihemorrhagics 30 (13.6) 13 (5.8)
 Bone modifiers 29 (13.1) 25 (11.1)
 Anticoagulants 19 (8.6) 12 (5.3)
 Antiplatelets 17 (7.7) 16 (7.1)
 Appetite stimulants 13 (5.9) 12 (5.3)
 Granulocyte colony-stimulating 

factors
2 (0.9) 1 (0.4)
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grade 3 small intestine hemorrhage), and one patient discon-
tinued placebo alone (grade 3 hematuria).

Use of antihemorrhagic medications was greater in the 
RAM + ERL arm than in the PBO + ERL arm (14 vs. 6%). 
Additionally, 3% patients in the RAM + ERL arm only 
required a blood transfusion (packed red blood cells).

An association analysis showed no correlation between 
concomitant or recent (within previous 2 weeks) use of 
anticoagulant therapy and bleeding/hemorrhagic events. No 
association was observed between thrombocytopenia and 
bleeding in the RAM + ERL arm. Furthermore, the use of 
nonsteroidal anti-inflammatory drugs was not related with 
a higher bleeding risk in the RAM + ERL arm. Bleeding/
hemorrhage was associated with anemia.

3.5.5  Hepatic Events

AEs of liver failure/liver injury (“hepatic events”) were the 
most frequently reported AESIs, regardless of treatment 
arm. The majority were laboratory events, primarily driven 
by low-grade increase in ALT, AST, and serum bilirubin 
(Fig. 7). The incidence of any-grade hepatic events was 
higher in the RAM + ERL arm, whereas the rate of grade 
≥ 3 hepatic events was similar in the two treatment arms 
(Fig. 7). The differences between arms in hepatic events 

were maintained following exposure-adjusted incidence 
rate analysis.

Dose adjustments for ramucirumab alone due to hepatic 
events were higher than for placebo alone adjustments 
(Fig. 5). There was a similar rate of dose adjustments for 
erlotinib in the RAM + ERL and PBO + ERL arms (19 
vs. 17%, respectively). Discontinuation from all study 
treatment because of a hepatic event occurred infrequently 
in the RAM + ERL (2%) and PBO + ERL (4%) arms. A 
similar proportion of patients discontinued ramucirumab/
placebo alone because of hepatic events. One patient in the 
RAM + ERL arm discontinued erlotinib because of grade 
2 ALT increased.

3.5.6  Other AEs of Special Interest

No meaningful difference in incidence between treatment 
arms was observed for the other AESIs (Fig. 3). Arterial 
and venous thromboembolic events, infusion-related reac-
tions, congestive heart failure, wound healing complications, 
gastrointestinal perforation, fistula, and reversible posterior 
leukoencephalopathy syndrome were all reported in < 1% 
of patients.
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3.6  Other AEs of Interest

Infections are commonly recognized adverse drug reac-
tions for erlotinib. In RELAY, the incidence of any-grade 
infections (composite term) was similar between treatment 
arms, whereas a higher rate of grade ≥ 3 infections was 
observed with RAM + ERL than with PBO + ERL (17 vs. 
7%, respectively). The only grade ≥ 3 infection occurring 
with a higher incidence with RAM+ERL than with PBO + 
ERL was pneumonia (3 vs. 0%, respectively). Two grade 4 
(1%) events (septic shock and sepsis) and three (2%) grade 
5 events (pneumonia, bacterial pneumonia, and influenza-
associated encephalitis) were reported; none were assessed 
as related to study drugs by the investigator (see Sect. 3.4). 
Nine SAEs (4%) of lower respiratory tract infections 
occurred in the RAM + ERL arm compared with two (1%) 
in the PBO + ERL arm. Predisposing factors for pulmonary 
infection were identified in the majority of cases.

Systemic antimicrobial use was high and similar between 
treatment arms (88 vs. 85%), whereas the use of granulocyte 
colony-stimulating factor was low and comparable between 
treatment arms (< 1% in both arms).

The majority of infection events occurred in one or two 
patients each, and no specific pattern was observed. No 
association between concurrent neutropenia and infection 
events, including severe infections and lung infections, was 
observed.

3.7  Erlotinib AEs of Interest

Infections, skin reactions of rash and dermatitis acneiform, 
diarrhea, interstitial lung disease (ILD), and paronychia 
are clinically relevant events associated with erlotinib that 
occur commonly and/or are potentially overlapping toxici-
ties between erlotinib and ramucirumab. These events were 
assessed for any potential additional toxicity when erlotinib 
and ramucirumab were used in combination.

For all erlotinib AEs of interest, the incidence of any-
grade events was similar between treatment arms. The inci-
dence of grade ≥ 3 events of dermatitis acneiform (15 vs. 
9%) and diarrhea (7 vs. 1%) was higher in the RAM + ERL 
arm (Fig. 1). The grade ≥ 3 events were all grade 3, and the 
incidence of erlotinib-related AESIs is presented in Fig. 7.

The most common AEs (observed in ≥ 10% of patients) 
and leading to erlotinib dose reductions and omissions 
were dermatitis acneiform and ALT increased, with similar 
percentages of patients reporting dose reductions or omis-
sions between arms. Grade ≥ 3 AEs leading to erlotinib 
dose adjustments occurring at a higher incidence in the 
RAM+ERL arm than in the PBO + ERL arm were derma-
titis acneiform (12 vs. 7%) and diarrhea (4 vs. 1%), respec-
tively (Fig. 8).

Dermatitis acneiform did not lead to any study drug dis-
continuation in either treatment arm, and the vast majority of 
skin events were managed by topical applications (Table 3). 
Two patients in the RAM + ERL arm discontinued erlotinib 
because of grade 2 ALT increased and grade 3 diarrhea, 
respectively. One patient in the PBO + ERL arm discontin-
ued erlotinib because of grade 2 rash pustular.

Any-grade and grade ≥ 3 ILD were reported in four 
(1.8%) patients and one (0.5%) patient in the RAM + ERL 
arm and seven (3.1%) and three (1.3%) patients in the PBO 
+ ERL arm, respectively. There were no grade 4 events in 
either treatment arm. One patient in the PBO + ERL arm 
experienced a grade 5 ILD event that occurred 30 days after 
discontinuation of study treatment and was assessed by 
the investigator as related to study treatment. Two patients 
(0.9%) discontinued all study treatment because of ILD 
in the PBO + ERL arm. Two patients in the PBO + ERL 
arm and one patient in the RAM + ERL arm discontinued 
ERL alone because of ILD. No patients discontinued ramu-
cirumab or placebo alone because of ILD while continuing 
erlotinib.

3.8  Dose Adjustments

Overall, dose adjustments occurred more frequently with 
ramucirumab than with placebo, whereas erlotinib dose 
adjustments were comparable between treatment arms. 
Ramucirumab or placebo dose adjustments were mainly 
delays, whereas erlotinib dose adjustments were all omis-
sions and/or reductions. In both treatment arms, the most 
common reason for dose adjustments were AEs (Table 1). 
The incidence of any-grade and grade ≥ 3 AEs leading 
to dose adjustments of any study drug was higher in the 
RAM+ERL arm than in the PBO + ERL arm (any grade: 
85 vs. 71%; grade ≥ 3: 43 vs. 31%). For ramucirumab or 
placebo alone, the most common AEs leading to dose 
adjustments were bilirubin increased, ALT increased, and 
proteinuria for ramucirumab and bilirubin increased, ALT 
increased, and neutrophil count decreased for placebo 
(Fig. 5). The most common AEs leading to erlotinib dose 
adjustments were dermatitis acneiform, ALT increased, and 
diarrhea in the RAM + ERL arm and dermatitis acneiform, 
ALT increased, and paronychia in the PBO + ERL arm 
(Fig. 8).

The median PFS of patients who had a ramucirumab 
or placebo dose adjustment was 20.8 months (95% CI 
17.8–22.2) for ramucirumab and 13.9 months (95% CI 
12.4–19.3) for placebo.

3.9  Discontinuations

Overall, a similar number of patients discontinued all study 
treatment because of an AE in both arms (13 vs. 11% for 
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RAM + ERL vs. PBO + ERL, respectively) (Fig. 6). Any-
grade AEs leading to all study treatment discontinuation in 
two or more patients in the RAM + ERL arm included ALT 
increased, paronychia, dermatitis acneiform, and proteinuria. 
A higher percentage of patients discontinued ramucirumab 
alone (33%) because of AEs than did so for placebo alone 
(15%). The most common AEs leading to ramucirumab dis-
continuation observed with a ≥ 2% higher incidence than for 
placebo discontinuation were proteinuria, decreased platelet 
count, and neutropenia. The incidence of AEs leading to dis-
continuation of erlotinib alone was low and similar between 
treatment arms (three vs. two patients for RAM + ERL vs. 
PBO + ERL, respectively) (Fig. 6). The AEs increased ALT, 
diarrhea, and ILD led to discontinuation of erlotinib in the 
RAM + ERL arm, and ILD and rash pustular led to discon-
tinuation of erlotinib in the PBO + ERL arm. The median 
PFS for patients who discontinued ramucirumab or placebo 
early, defined as discontinuation of ramucirumab or placebo 
alone prior to discontinuation of all study drugs (n = 79), 
was 22.1 months (95% CI 19.4–28.1) for the RAM + ERL 

arm and 12.6 months (95% CI 9.6–19.2) for the PBO + ERL 
arm (n = 39).

3.9.1  AE Profile According to Age Group

In RELAY, age was balanced between treatment arms, with 
more patients aged < 70 years (323 patients [72%]) than 
aged ≥ 70 years (123 patients [28%]). Independent of treat-
ment arm, the incidence of grade ≥ 3 AEs and SAEs was 
higher in patients aged ≥ 70 than < 70 years (Table 4). In the 
RAM+ERL arm, grade ≥ 3 hypertension, diarrhea, and ALT 
increased occurred with a ≥ 5% higher incidence in patients 
aged ≥ 70 than in those aged < 70 years. In patients aged 
≥ 70 years, grade ≥ 3 hypertension and diarrhea occurred 
at a higher incidence in the RAM + ERL arm than in the 
PBO + ERL arm, whereas in patients aged < 70 years, only 
hypertension occurred at a higher incidence in the RAM + 
ERL versus PBO + ERL arm.

No specific pattern of SAEs was identified between age 
groups. While a higher percentage of patients aged ≥ 70 
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Fig. 8  Bleeding/hemorrhage, pulmonary hemorrhage, and hepatic events reported in RELAY. ERL erlotinib, PBO placebo, RAM ramucirumab
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years experienced grade 4 AEs (8%) compared with those 
aged < 70 years (3%), five of the six patients who had a 
grade 5 AE were aged < 70 years, and all were in the RAM 
+ ERL arm.

Discontinuation of all study treatment was similar across 
age groups in both treatment arms (Table 4). More patients 
discontinued placebo alone in the group aged ≥ 70 years 
than in the group aged < 70 years, with a similar incidence 
of ramucirumab discontinuation in both age groups. Pro-
teinuria was the most frequently reported AE leading to 
discontinuation of ramucirumab alone in both age groups.

No other differences of note were identified in terms of 
AE profile between treatment arms between patients aged < 
70 and patients aged ≥ 70 years.

Treatment benefit was observed across all subgroups 
except for the smaller subset of patients (27%) aged ≥ 70 
years, where the PFS HR was above 1 (1.042). The PFS HRs 
for all other age subgroups (< 65, ≥ 65, < 70, <75, and ≥ 
75 years; Fig. 1 in the ESM) were consistent with the PFS 
HR for the intention-to-treat group and favored the RAM + 
ERL treatment arm over PBO + ERL, supporting a positive 
risk–benefit profile for RAM + ERL, irrespective of age.

In a censored analysis of exposure, excluding patients still 
on treatment, patients aged < 70 years had a higher exposure 
to ramucirumab or placebo in the RAM + ERL arm than in 
the PBO + ERL arm (13 vs. 10 months, respectively), and 
patients aged < 70 years had a higher exposure to erlotinib 
in the RAM + ERL arm than in the PBO + ERL arm (15 vs. 
11 months, respectively).

3.9.2  AE Profile According to Race

In RELAY, race was balanced between treatment arms, with 
more Asian patients enrolled overall (n = 344 [77%]) than 
non-Asian patients (n = 102 [23%]). The incidence of grade 
≥ 3 AEs was similar among the Asian and non-Asian groups 
in the RAM + ERL arm and in the non-Asian group in the 
PBO + ERL arm, whereas the incidence was lower in the 
Asian group in the PBO + ERL arm (Table 5).

The most commonly reported grade ≥ 3 events with a 
higher incidence in non-Asian than in Asian patients in the 
RAM + ERL arm were diarrhea and hypertension. Regard-
less of race, a higher incidence of grade ≥ 3 hypertension 
and diarrhea was seen in the RAM + ERL arm than in the 
PBO + ERL arm. For dermatitis acneiform only, the Asian 
group in the RAM + ERL arm reported a ≥ 5% higher inci-
dence than any other group, regardless of race and treatment 
arm (Table 5).

Grade ≥ 3 ALT increased was reported more frequently 
in the Asian group treated with PBO + ERL than in the non-
Asian group (9 vs. 2%).

ILD was reported with a similar incidence across race and 
treatment arm. Grade ≥ 3 ILD events were reported only in 

Asian patients regardless of treatment arm. There were no 
grade 4 events (Table 5).

The incidence of SAEs was higher in Asian patients in 
the RAM + ERL arm than in non-Asian patients within 
the same treatment arm and than in the PBO + ERL arm, 
regardless of treatment group, mostly driven by infections. 
Incidence of grade 5 AEs was similar between Asian and 
non-Asian race groups (3 vs. 2%) in the RAM + ERL arm, 
with none in the PBO + ERL arm.

A similar percentage of Asian and non-Asian patients 
in the RAM + ERL arm and Asian patients in the PBO + 
ERL arm had AEs leading to discontinuation of all study 
treatment (Table 5). A higher percentage of Asian patients 
discontinued ramucirumab and placebo alone compared with 
non-Asian patients. Proteinuria was the most common AE 
leading to discontinuation of ramucirumab in both Asian 
and non-Asian patients.

No other differences of note were identified in terms of 
AE profile between treatment arms between Asian and non-
Asian patients.

In a censored analysis, excluding patients still on treat-
ment and regardless of race group, the median duration of 
both ramucirumab and erlotinib exposure was longer in the 
RAM + ERL arm than in the PBO + ERL arm (Table 5).

3.10  Resource Utilization

The percentage of patients hospitalized because of AEs was 
higher in the RAM + ERL arm (30%) than in the PBO + 
ERL arm (20%) (Table 3). The median duration of hospi-
talizations because of AEs was similar for the two treat-
ment arms (11–12 days). The most common AEs leading 
to hospitalization were pneumonia and pneumothorax (four 
cases each) in the RAM + ERL arm and pyrexia (four cases) 
in the PBO + ERL arm, events that are expected to occur 
in patients with NSCLC. No other pattern in AEs leading 
to hospitalization was observed. Transfusions were only 
reported in the RAM + ERL arm, in eight patients. Of these, 
seven required a packed red blood cell transfusion and two 
required a platelet transfusion (one patient received both). 
Transfusions were most frequently caused by anemia and, 
in one case, hemorrhage.

Overall, supportive care use was similar between arms 
(88 vs. 90% RAM + ERL vs. PBO + ERL, respectively) 
(Table 3). The most frequently used supportive care agents 
in both treatment arms were dermatological products, sys-
temic antimicrobials, and analgesics. More antihypertensive 
agents were administered in the RAM + ERL arm than in 
the PBO + ERL arm (69 vs. 42%), which is expected given 
that hypertension is a recognized AE for ramucirumab. 
Preparations for the treatment of stomatitis were admin-
istered more frequently in the RAM + ERL arm (47 vs. 
36%). This correlates with the AE-associated reporting of 
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Table 4  Incidence of treatment-emergent adverse events and duration of exposure by age group

Data are presented as n (%) or median (95% confidence interval). Censored analysis excluding patients still on treatment. Data cutoff date was 23 
January 2019
AE treatment-emergent adverse event,  ALT alanine aminotransferase, ERL erlotinib, PBO placebo, RAM ramucirumab, SAE serious adverse 
event
a Any-grade AEs occurring with a ≥ 10% higher incidence in the RAM+ERL arm in patients aged ≥ 70 vs. < 70 years
b Grade ≥ 3 AEs occurring with a ≥ 5% higher incidence in the RAM + ERL arm in patients aged ≥ 70 vs. < 70 years
c SAEs occurring in ≥ 2% patients aged ≥ 70 years in the RAM + ERL arm
d AEs occurring in ≥ 2% patients aged ≥ 70 years in the RAM + ERL arm
e Neutropenia includes neutrophil count decreased and neutropenia
f Blood bilirubin increased includes hyperbilirubinemia and blood bilirubin increased
g No AEs occurred in ≥ 2% patients aged ≥ 70 years in the RAM + ERL arm
h Deaths during treatment and within 30 days of discontinuation

Adverse event RAM + ERL PBO + ERL

Age < 70 years
(n = 157)

Age ≥ 70 years
(n = 64)

Age < 70 years
(n = 166)

Age ≥ 70 years
(n = 59)

AE 157 (100) 64 (100) 166 (100) 59 (100)
  Proteinuriaa 48 (30.6) 27 (42.2) 12 (7.2) 7 (11.9)
 Edema  peripherala 30 (19.1) 20 (31.3) 4 (2.4) 6 (10.2)

Grade ≥ 3 AE 107 (68.2) 52 (81.3) 88 (53.0) 33 (55.9)
  Hypertensionb 33 (21.0) 19 (29.7) 6 (3.6) 6 (10.2)
  Diarrheab 7 (4.5) 9 (14.1) 2 (1.2) 1 (1.7)
 ALT  increasedb 11 (7.0) 8 (12.5) 12 (7.2) 5 (8.5)

SAE 39 (24.8) 26 (40.6) 31 (18.7) 16 (27.1)
  Diarrheac 0 3 (4.7) 0 1 (1.7)
  Pneumothoraxc 1 (0.6) 3 (4.7) 3 (1.8) 0
 ALT  increasedc 0 2 (3.1) 1 (0.6) 0
  Cellulitisc 2 (1.3) 2 (3.1) 0 0
 Decreased  appetitec 1 (0.6) 2 (3.1) 0 0
  Pneumoniac 5 (3.2) 2 (3.1) 1 (0.6) 0
 Pulmonary  embolismc 0 2 (3.1) 1 (0.6) 1 (1.7)

Discontinued all study treatment due to AE 18 (11.5) 10 (15.6) 17 (10.2) 7 (11.9)
 ALT  increasedd 1 (0.6) 2 (3.1) 4 (2.4) 0

Discontinued RAM/PBO alone due to AE 102 (65.0) 44 (68.8) 46 (27.7) 22 (37.3)
  Proteinuriad 30 (19.1) 8 (12.5) 0 0
 Platelet count  decreasedd 8 (5.1) 6 (9.4) 2 (1.2) 0
  Neutropeniad,e 6 (3.8) 6 (9.4) 2 (1.2) 2 (3.4)
 ALT  increasedd 2 (1.3) 4 (6.3) 2 (1.2) 0
 Cardiac  failured 2 (1.3) 3 (4.7) 0 0
 Blood bilirubin  increasedd,f 24 (15.3) 2 (3.1) 24 (14.5) 3 (5.1)
 Weight  decreasedd 2 (1.3) 2 (3.1) 0 0
  Hemoptysisd 0 2 (3.1) 0 0
 Abdominal pain  upperd 0 2 (3.1) 0 0
  Epistaxisd 0 2 (3.1) 0 0
 General physical health  deteriorationd 0 2 (3.1) 0 0
  Lymphoedemad 0 2 (3.1) 0 0
  Melenad 0 2 (3.1) 0 0

Discontinued ERL alone due to  AEg 1 (0.6) 2 (3.1) 2 (1.2) 0
Death due to AEs on study  treatmenth 5 (3.2) 1 (1.6) 0 0
Duration of exposure, months
 RAM/PBO 12.7 (11.0–14.1) 7.8 (5.6–15.1) 10.1 (7.4–11.1) 10.8 (8.3–15.4)
 Erlotinib 15.1 (13.8–19.3) 14.3 (7.3–19.5) 11.1 (9.7–12.2) 12.4 (8.9–19.3)
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Table 5  Incidence of treatment-emergent adverse events and duration of exposure by race group

Data are presented as n (%) or median (95% confidence interval). Censored analysis excluding patients still on treatment. Data cutoff date was 23 
January 2019
AE treatment-emergent adverse event, ERL erlotinib, ILD interstitial lung disease, PBO placebo, RAM ramucirumab, SAE serious adverse event
a Any-grade AEs occurring with a ≥ 10% higher incidence in the RAM + ERL arm in Asian vs. non-Asian patients
b Grade ≥ 3 AEs occurring with a ≥ 5% higher incidence in the RAM + ERL arm in Asian vs. non-Asian patients
c Grade ≥ 3 AEs occurring with a ≥ 5% higher incidence in the RAM + ERL arm in non-Asian vs. Asian patients
d ILD includes pneumonitis
e SAEs occurring in ≥ 2% Asian patients in the RAM + ERL arm
f No AEs occurred in ≥ 2% Asian patients in the RAM + ERL arm
g AEs occurring in ≥ 2% Asian patients in the RAM + ERL arm
h Blood bilirubin increased includes hyperbilirubinemia
i Neutropenia includes neutrophil count decreased
j Deaths during treatment and within 30 days of discontinuation

AE RAM + ERL PBO + ERL

Asian
(n = 170)

Non-Asian
(n = 51)

Asian
(n = 174)

Non-Asian
(n = 51)

AE 170 (100) 51 (100) 174 (100) 51 (100)
  Paronychiaa 100 (58.8) 18 (35.2) 100 (57.5) 14 (27.5)
  Proteinuriaa 63 (37.1) 12 (23.5) 13 (7.5) 6 (11.8)
  Epistaxisa 61 (35.9) 13 (25.5) 23 (13.2) 4 (7.8)
 Platelet count  decreaseda 28 (16.5) 3 (5.9) 6 (3.4) 0
  Gastritisa 19 (11.2) 0 8 (4.6) 1 (2.0)

Grade ≥ 3 AE 121 (71.2) 38 (74.5) 87 (50.0) 34 (66.7)
  Hypertensionb 38 (22.4) 14 (27.5) 8 (4.6) 4 (7.8)
  Diarrheab 10 (5.9) 6 (11.8) 2 (1.1) 1 (2.0)
 Dermatitis  acneiformc 31 (18.2) 2 (3.9) 15 (8.6) 5 (9.8)

Event of interest
 ILD any  graded 3 (1.8) 1 (2.0) 6 (3.4) 1 (2.0)
 ILD grade ≥3d 1 (0.6) 0 3 (1.7) 0

SAE 54 (31.8) 11 (21.6) 40 (23.0) 7 (13.7)
 Infection any grade 19 (11.2) 3 (5.9) 5 (2.9) 1 (2.0)
 Infection grade ≥3 16 (9.4) 3 (5.9) 3 (1.7) 0
  Pneumoniae 7 (4.1) 0 1 (0.6) 0
  Cellulitise 4 (2.4) 0 0 0
  Pneumothoraxe 4 (2.4) 0 3 (1.7) 0

Discontinued all study treatment because of  AEf 23 (13.5) 6 (11.8) 23 (13.2) 1 (2.0)
Discontinued RAM/PBO alone because of AE 63 (37.1) 3 (5.9) 29 (16.7) 2 (3.9)
  Proteinuriag 16 (9.4) 3 (5.9) 0 0
 Blood bilirubin  increasedgh 12 (7.1) 1 (2.0) 12 (6.9) 3 (5.9)
 Platelet count  decreasedg 6 (3.5) 1 (2.0) 1 (0.6) 0
  Neutropeniagi 5 (3.0) 1 (2.0) 2 (1.1) 0

Discontinued ERL alone because of  AEf 3 (1.8) 0 2 (1.1) 0
Death due to TEAEs on study  treatmentj 5 (3.0) 1 (2.0) 0 (0) 0 (0)
Duration of exposure, months
 RAM/PBO 11.3 (7.8–13.8) 13.8 (10.1–20.7) 10.4 (8.2–11.4) 9.8 (7.4–13.5)
 Erlotinib 15.1 (13.1–17.9) 14.8 (11.1–22.9) 11.3 (10.4–12.4) 9.8 (7.8–13.8)
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stomatitis (42 vs. 36%) and mucosal inflammation (6 vs. 
3%), both more frequent in the RAM + ERL arm. Increased 
use of analgesics (78 vs. 65%) was reported in the RAM + 
ERL versus PBO + ERL arms, respectively. No single cause 
explains this difference when reviewing all indications for 
use, including “pain”; however, pyrexia was reported in 21 
versus 12% patients, respectively, which may have contrib-
uted to this difference.

4  Discussion

The overall safety data for RELAY, previously reported by 
Nakagawa et al. [16], showed the safety profile to be con-
sistent with the safety of the individual compounds in the 
advanced lung cancer setting. This report provides additional 
in-depth analyses of the safety data from the RELAY trial, 
including analyses of patients aged < 70 years compared 
with those aged ≥ 70 years and Asian patients compared 
with non-Asian patients.

The majority of the AESIs in RELAY were grade 1 or 
2 in severity and were manageable with dose adjustments, 
standard pharmacological treatments, and other supportive 
care without impacting on the clinical benefit or the patient’s 
ability to continue RAM + ERL treatment.

The AESIs with higher incidences in the RAM + ERL 
than in the PBO + ERL arm were hypertension, proteinuria, 
bleeding/hemorrhage, and liver failure/liver injury events. 
These events were observed at a higher incidence in the 
RAM + ERL arm than in previous ramucirumab phase III 
studies in different indications [10–15]. However, the event 
rates across indications were similar when adjusted for dura-
tion of exposure, as the median duration of ramucirumab 
exposure was longer in RELAY (11.0 months) than in other 
phase III studies (range 1.8–4.4 months) [10–15].

With the exception of liver failure/liver injury events, 
these AESIs are known pharmacological class-related effects 
commonly associated with anti-angiogenic agents and also 
reported in randomized phase II or III clinical trials combin-
ing the VEGF inhibitor bevacizumab with erlotinib (BEV + 
ERL) [4–6, 17].

The association between VEGF pathway inhibition and 
hypertension, proteinuria, and bleeding/hemorrhage are well 
described in the literature and relate to direct inhibition of 
nitric oxide production resulting in vasoconstriction and 
sodium retention for hypertension, glomerular damage for 
proteinuria, and reduced regenerative capacity and increased 
apoptosis of endothelial cells leading to endothelial dys-
function for bleeding/hemorrhage [18–20]. Hypertension 
is a known risk associated with anti-angiogenic treatment, 
although it is manageable with blood pressure monitoring 
and titration of antihypertensive medication. Monitoring 
for the development or worsening of proteinuria during 

ramucirumab therapy is advised. Proteinuria is reversible 
and manageable with dose omissions or dose reductions. The 
incidence of hypertension, proteinuria, or bleeding/hemor-
rhage varies among studies combining an anti-angiogenic 
with an EGFR-TKI agent. However, caution must be used 
when comparing studies because study designs and patient 
populations differ. In RELAY, the incidence of hypertension 
was at the lower end, and proteinuria was below the range, 
of that reported in the BEV + ERL arm of previous studies 
[4–6, 17]. In the RAM + ERL arm of RELAY, grade ≥ 3 
hypertension was reported in 24% of the patients, whereas 
the range of incidences reported in patients treated in the 
BEV + ERL arm of studies was 23–61% [4–6, 17]. The 
grade ≥ 3 incidence of proteinuria was 3% in the RAM + 
ERL arm and 7–12% in the BEV + ERL arm of studies [4–6, 
17], and the incidence of grade ≥ 3 bleeding/hemorrhage 
events was 2% in the RAM + ERL arm and 1–3% in the 
BEV + ERL arm of studies [4–6].

Presentation of safety data varies across studies. For 
example, in RELAY, consolidated terms were used that com-
bined different preferred terms that report the same event, 
enabling more meaningful interpretation of the adverse 
event data. To put this into perspective, the incidence of 
hypertension in RELAY included the preferred term 
increased blood pressure and others, whereas hypertension 
and increased blood pressure were reported as individual 
terms in other studies [6]. As a result, specific event terms 
may appear artificially low if the reader does not identify 
these nuances in reporting terms. Another issue with not 
consolidating adverse events is that less frequent events may 
not be presented if the reporting threshold is too high. It is 
also worthwhile to note whether adverse events are reported 
as treatment related, particularly if the study is open label, or 
regardless of causality, as in the RELAY trial.

In the RAM + ERL arm, transaminase elevations had a 
higher incidence than observed in previous clinical trials of 
ramucirumab in adult patients with cancer [10–15]. This is 
not unexpected, as transaminase elevation is a well-recog-
nized AE associated with EGFR-TKIs.

The incidence of other erlotinib-associated toxicities, 
such as skin reactions including paronychia, diarrhea, and 
ILD, was not higher when erlotinib was combined with 
ramucirumab, suggesting no additional toxicity.

The incidence of AEs leading to the discontinuation of all 
study treatment was similar between treatment arms (12.7 
vs. 10.7%, respectively), which can be viewed as a measure 
of how treatment is tolerated. Although 33% of the patients 
discontinued ramucirumab because of an AE, this did not 
negatively affect outcomes, as the PFS in patients discon-
tinuing ramucirumab early was consistent with that observed 
in the overall population. Similarly, dose adjustments did not 
affect efficacy, as the PFS outcomes for patients with dose 
adjustments were similar to those observed in the overall 
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population. The discontinuation of erlotinib alone was neg-
ligible in both treatment arms. Other studies combining an 
VEGF and an EGFR-TKI reported a similar percentage of 
patients (approximately 30–40%) discontinuing the VEGF 
component early because of AEs [4–6, 17]. The need for 
dose adjustments did not affect a patient’s ability to ben-
efit from treatment, as the median PFS of patients who had 
a ramucirumab or placebo dose adjustment (ramucirumab 
20.8 months [95% CI 17.8–22.2], placebo 13.9 months [95% 
CI 12.4–19.3]) was similar to that in the overall population.

Subgroup analysis by race showed no clinically meaning-
ful differences in the adverse event profile between treatment 
arms. The lack of meaningful differences in the safety profile 
reported between race was also documented in relation to 
the East-Asian and the EU/US population versus the overall 
RELAY population [21, 22]. This is particularly relevant 
as the majority of studies investigating EGFR-TKIs and 
anti-angiogenics were conducted in East-Asian populations 
[4–6].

A higher incidence of grade ≥ 3 AEs was observed in 
patients aged ≥ 70 years in the RAM + ERL arm. The spe-
cific subset of patients aged ≥ 70 years did not demonstrate 
the same magnitude of PFS treatment effect as observed in 
the other age subgroups (< 65, ≥ 65, < 70, < 75, and ≥ 75 
years). This is possibly due to chance because of the small 
sample size of the subgroup aged ≥ 70 years, which might 
increase the magnitude of variability in incidence rates in 
this group. Similarly, a higher incidence of grade ≥ 3 AEs 
was reported in elderly (≥ 75 years) patients with advanced 
NSCLC who received other antiangiogenic agents such as 
bevacizumab plus chemotherapy [23, 24].

More patients were hospitalized in the RAM + ERL arm 
(30%) than in the PBO + ERL (20%) arm. Average days 
of admission were the same regardless of treatment arm. 
Only eight patients in the RAM + ERL arm received blood 
transfusion, mainly because of anemia. It is currently unclear 
whether this varies for other VEGF/EGFR-TKI studies as 
resource utilization has not been reported.

While some increased toxicity was reported with the 
addition of ramucirumab to erlotinib, overall patient quality 
of life and symptom burden did not differ between RAM + 
ERL and PBO + ERL [25]. The majority of AEs associ-
ated with RAM + ERL were predictable, and prevention 
and management measures can be put in place to effectively 
manage these AEs and reduce the impact of treatment on 
quality of life. Guidelines for managing the most common 
AEs associated with EGFR-TKIs have been developed to 
support healthcare professionals in clinical practice [26]. 
Treatments are intended as palliative treatments, aimed at 
symptom relief and improving quality of life. Therefore, in 
this setting, a predictable, easily detectable, and manageable 
safety profile could be considered of importance.

Potential limitations were that safety analyses were pre-
sented descriptively, with no formal statistical comparisons. 
In addition, patients with central nervous system metasta-
sis were not eligible, not for safety reasons but in line with 
contemporary clinical trials in this patient population at the 
time of study development. This may have resulted in a study 
population enriched with patients with a better prognosis, 
producing a more favorable safety profile than might occur 
in patients with EGFR exon 19 deletion or exon 21 (L858R) 
mutation-positive metastatic NSCLC in clinical practice.

5  Conclusions

This in-depth safety analysis from the RELAY trial supports 
that RAM + ERL, irrespective of an increased incidence of 
AEs, did not affect the possibility of patients benefiting from 
treatment, as reflected by the 7-month increase in median 
PFS for patients in the RAM + ERL arm compared with 
those in the PBO + ERL arm. The overall incidence of grade 
≥ 3 AEs was greater with RAM + ERL than with PBO + 
ERL, with hypertension, dermatitis, and diarrhea reported 
more frequently in the RAM + ERL arm than in the PBO + 
ERL arm. The safety profile by race (Asian and non-Asian) 
was similar to that of the overall population, whereas the 
incidence of grade ≥ 3 AEs was greater among patients aged 
≥ 70 years in the RAM +ERL arm. Therefore, the balance of 
benefits and potential risks for an individual patient should 
be considered, particularly for elderly patients, when dis-
cussing treatment with antiangiogenic agents. The increased 
rate of AEs can be detected with routine monitoring and 
managed through dose adjustments and appropriate sup-
portive care. Overall, RAM + ERL offers a tolerable and 
effective option for the first-line treatment of EGFR exon 19 
deletion or exon 21 (L858R) mutation-positive metastatic 
NSCLC.
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