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BRIEF REPORT

Patient-reported outcomes in RELAY, a phase 3 trial of ramucirumab plus
erlotinib versus placebo plus erlotinib in untreated EGFR-mutated metastatic
non-small-cell lung cancer

Kiyotaka Yoha, Shinji Atagib, Martin Reckc, Edward B. Garond, Santiago Ponce Aixe, Denis Moro-Sibilotf,
Katherine B. Winfreeg, Bente Frimodt-Mollerh, Annamaria Zimmermanng, Carla Visseren-Gruli,
Kazuhiko Nakagawaj and for the RELAY investigators
aDepartment of Thoracic Oncology, National Cancer Center Hospital East, Kashiwa, Japan; bDepartment of Thoracic Oncology, National
Hospital Organization Kinki-Chuo Chest Medical Center, Osaka, Japan; cLungen Clinic, Airway Research Center North, German Center for
Lung Research, Grosshansdorf, Germany; dDavid Geffen School of Medicine, University of California Los Angeles/TRIO-US Network, Los
Angeles, CA, USA; eHospital Universitario, CNIO Lung Cancer Clinical Research Unit, Universidad Complutense and Ciberonc, Madrid, Spain;
fGrenoble University Hospital, Grenoble, France; gEli Lilly and Company, Indianapolis, IN, USA; hEli Lilly and Company, Copenhagen,
Denmark; iLilly Oncology, Utrecht, Netherlands; jDepartment of Medical Oncology, Faculty of Medicine, Kindai University, Osaka, Japan

ABSTRACT
Objective: In the phase 3 RELAY trial, ramucirumab/erlotinib demonstrated superior progression-free
survival (PFS) over placebo/erlotinib in patients with EGFR-mutated metastatic NSCLC (median PFS
19.4 versus 12.4months; HR ¼ 0.59, 95% CI ¼ 0.46–0.76; p< .0001). Safety was consistent with estab-
lished profiles for ramucirumab and erlotinib in NSCLC. Here, we present patient-reported outcomes.
Methods: Patients received oral erlotinib (150mg daily) plus intravenous ramucirumab (10mg/kg) or
placebo Q2W until progressive disease or unacceptable toxicity. Patients completed the Lung Cancer
Symptom Scale (LCSS) and EQ-5D questionnaires at baseline and every other cycle. Analyses included
time to deterioration (TtD) for LCSS via Kaplan–Meier method and Cox models and changes from
baseline using mixed-model repeated-measures regression analysis.
Results: Overall patient compliance for LCSS and EQ-5D was >95%. TtD did not differ between treat-
ment arms for LCSS Total Score (HR ¼ 0.962, 95% CI ¼ 0.690–1.343) and Average Symptom Burden
Index (HR ¼ 1.012, 95% CI ¼ 0.732–1.400). TtD of individual LCSS items (appetite loss, fatigue, cough,
shortness of breath, pain, symptom distress, difficulties with daily activities, quality of life) indicated no
difference between arms; however, patient-reported blood in sputum was worse for ramucirumab/erlo-
tinib (HR ¼ 1.987, 95% CI ¼ 1.206–3.275). Results of LCSS mean changes from baseline were consist-
ent with TtD, indicating no significant differences between treatment arms except for blood in
sputum. Mean changes from baseline in EQ-5D index score (p¼ .94) and visual analogue scale
(p¼ .95) revealed no overall differences in health status between treatment arms.
Conclusions: Patients’ overall quality of life and symptom burden did not differ with the addition of
ramucirumab to erlotinib compared to placebo/erlotinib. These data support the clinical benefit of
ramucirumab/erlotinib in untreated EGFR-mutated metastatic NSCLC.
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Introduction

First-line treatment with tyrosine kinase inhibitors (TKIs) is the
standard of care for patients with metastatic non-small-cell
lung cancer (NSCLC) that exhibits epidermal growth factor
receptor (EGFR)-activating mutations (exon 19 deletion or exon
21 L858R point mutation)1–3. Patients treated with first-gener-
ation TKIs (erlotinib, gefitinib) exhibit median progression-free
survival (PFS) of approximately one year4, while use of second-
generation TKIs has resulted in median PFS of 11.0months
with afatinib and 14.7months with dacomitinib5,6. For the
approximately 50% of patients who develop Thr790Met

resistance to first- or second-generation TKIs, the third gener-
ation TKI, osimertinib, would remain a treatment option7.
Additionally, use of osimertinib for first-line therapy produced a
median PFS of 18.9months8. Ultimately, patients become resist-
ant to TKI treatment, so prolonging TKI-mediated tumor control
with new targeted approaches is an ongoing need for patients
with metastatic EGFR-mutated NSCLC.

Clinical evidence supports dual EGFR and VEGF inhibition
to delay progression. RELAY, a worldwide, double-blind, pla-
cebo-controlled phase 3 trial, evaluated the efficacy and
safety of erlotinib, a standard-of-care EGFR TKI, plus ramucir-
umab, a human IgG1 VEGFR2 antagonist, or placebo in
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untreated patients with metastatic NSCLC with EGFR-
activating mutations9. RELAY met its primary endpoint; ramu-
cirumab/erlotinib improved median PFS by 7months
(19.4months versus 12.4months) over placebo/erlotinib and
reduced the hazard of disease progression or death by 41%
(HR ¼ 0.591, 95% CI ¼ 0.461–0.760, p value <.0001). The
ramucirumab arm was also favored over placebo across sub-
groups, including by EGFR mutation type (exon 19-del and
21_L858R). In addition, the ramucirumab arm exhibited an
increase in duration of response relative to the placebo
group (18.0 versus 11.1months, HR ¼ 0.619, 95% CI ¼
0.477–0.805, p¼ .0003).

Assessment of adverse events in RELAY showed that the
safety profile of ramucirumab plus erlotinib among patients
with advanced NSCLC was similar to the safety profiles of
the individual drugs in the same setting. Established side
effects of antiangiogenic drugs, such as proteinuria, hyper-
tension and bleeding events, were observed more frequently
among ramucirumab-treated patients. These antiangiogenic-
related adverse events were typically low grade (1–2), except
for hypertension (maximum of Grade 3), and were manage-
able with dose modifications and supportive care. In add-
ition, some Grade 3 toxicities related to erlotinib (e.g.
dermatitis acneiform and diarrhea) and some Grade 1 and 2
toxicities related to erlotinib (e.g. elevated levels of ALT and
AST) occurred more frequently in the ramucirumab treatment
arm, possibly due to the longer treatment exposure to erloti-
nib. In general, the additional toxicity observed with ramucir-
umab/erlotinib treatment did not prevent patients from
continuing treatment. Based on these results, ramucirumab/
erlotinib is approved as a first-line treatment for patients
with EGFR-mutated metastatic NSCLC in Europe and included
in the National Comprehensive Cancer Network (NCCN) and
European Society for Medical Oncology (ESMO) guidelines.

Patient-reported outcome data (symptoms, function,
health-related quality-of-life) can provide a more comprehen-
sive evaluation of the impact of cancer therapy on the
patient experience and quality of life. Prolonged PFS may
not always have a positive association in cancer clinical trials,
suggesting the need to measure patient-reported outcomes
directly, rather than assuming that lengthened PFS is associ-
ated with positive quality of life10.

For RELAY, patient-reported outcomes were part of the
secondary outcome measures and disease-related symptoms
and their impact were prospectively assessed by the Lung
Cancer Symptom Scale (LCSS)11,12. Time to deterioration
(TtD) of LCSS items has been used to compare treatment
arms in NSCLC studies13,14. A recent review has summarized
the numerous advantages to TtD analysis, including its ability
to accommodate missing data, death and response shift, and
its ability to provide clinically interpretable results15. In add-
ition to LCSS, another secondary outcome measure was the
EuroQol 5-dimension 5-level questionnaire (EQ-5D-5L) which
was employed to measure the impact of treatment on
patient-reported general health status16–18. Here, we present
analyses of the prospectively collected, patient-reported out-
comes data from RELAY.

Methods

Patients, study design and treatment

RELAY was conducted in 100 investigative centers in 13 coun-
tries; details of the trial have been published
(ClinicalTrials.gov NCT02411448)9. In brief, eligible patients
met the following criteria: previously untreated Stage IV
NSCLC; EGFR exon 19-del or 21_L858R mutation; Eastern
Cooperative Oncology Group (ECOG) performance status (PS)
of 0 or 119; measurable disease as assessed by Response
Evaluation Criteria in Solid Tumors (RECIST), version 1.120; and
adequate hematological and organ function. Exclusion criteria
included known EGFR T790M mutation and CNS metastases.

Patients were treated with either intravenous ramuciru-
mab (10mg/kg once every 2weeks) or intravenous placebo
(once every 2weeks). Both treatment arms received oral erlo-
tinib (150mg/day). Treatment was discontinued upon pro-
gressive disease, unacceptable toxicity or withdrawal of
consent. RELAY adhered to the principles of the Declaration
of Helsinki and the Good Clinical Practice Guidelines of the
International Conference on Harmonization. The institutional
review board of each investigative site approved the trial,
and all patients provided written informed consent.

The primary endpoint was investigator-assessed PFS
(RECIST v1.1). Secondary endpoints were safety and toxicity,
overall survival, overall response rate, disease control rate,
duration of response, pharmacokinetics, immunogenicity,
and patient-reported outcomes. Exploratory endpoints
included time to deterioration in ECOG PS, second disease
progression (PFS2) and biomarker analyses. This manuscript
focuses on patient-reported outcomes and time to deterior-
ation in ECOG PS.

Clinical outcomes assessments

Patient-reported outcomes were assessed using two vali-
dated questionnaires: the LCSS and the EQ-5D-5L. The LCSS
data assess the impact of treatment on lung cancer–specific
symptoms. It consists of six symptom-specific questions that
address cough, dyspnea, fatigue, pain, hemoptysis and ano-
rexia, and three summary items on symptom distress, inter-
ference with activity level and global quality of life. Patients
recorded perceived degree of impairment on a 100mm vis-
ual analogue scale (VAS), with scores reported from 0 to 100,
0 representing the best score. The LCSS Total Score was cal-
culated as the mean of the 9 LCSS items. Average Symptom
Burden Index (ASBI) was calculated as the mean of the 6
symptom items of the LCSS. Neither the LCSS Total Score
nor the ASBI was computed if the patient had one or more
missing values for the LCSS items.

The EQ-5D-5L was used to examine the impact of treat-
ment on general health status, using five measures or
“dimensions”: mobility, self-care, usual activities, pain or dis-
comfort, and anxiety or depression. For each measure,
patients recorded one of five levels of severity: having no
problems, having slight problems, having moderate prob-
lems, having severe problems, and unable to do or having
extreme problems. The Index Score, a summary score of the
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dimensions, was calculated from the United Kingdom valu-
ation set of item weights to derive a score of 0 to 1, with 1
representing the best health status21. The Index Score was
not computed for a patient if he/she had one or more miss-
ing values for the 5 items. In a second part of the EQ-5D-5L
questionnaire, patients were asked to indicate their health
status on the day of the interview on a VAS with endpoints
of 0 to 100, where “0” corresponded to the worst health one
could imagine and the highest rate (100) corresponds to the
best health one could imagine.

Patients completed the LCSS and the EQ-5D-5L at base-
line, every other cycle, and at the 30 day follow-up visit. The
patient-reported outcome instruments were completed at
the beginning of the clinic visit before any extensive contact
with investigative staff occurred. ECOG PS was evaluated by
the clinician at baseline, before every cycle, at the end of
treatment and at the 30 day follow-up.

Statistical analyses

The TtD for each of the 9 LCSS items, ASBI and the LCSS
total score was defined as the time from the date of ran-
domization until the date of first deterioration, which was
defined as the first �15mm increase (worsening) from base-
line. Analyses included patients with baseline data and at
least one post-baseline assessment. Patients without deterior-
ation were censored on the date of the patient’s last post-
baseline LCSS assessment or randomization date, whichever
was last. The TtD was estimated using the Kaplan–Meier
method22 and univariate Cox Proportional Hazards Model23,
and expressed as HR and 95% CI. The LCSS data were also
summarized descriptively by baseline and cycle for actual
measurement and change from baseline by treatment arm.
For the LCSS (each item, ASBI and Total LCSS), mean change
from baseline was estimated using mixed-model repeated-
measures (MMRM) regression and included the independent
variables treatment, visit, treatment by visit interaction and
baseline, with a negative change indicating improvement.

The EQ-5D-5L summary statistics for the Index Score and
VAS were calculated for each assessment period by treat-
ment arm. Mean change from baseline was estimated for the
EQ-5D-5L Index Score and the EQ VAS self-rated health score
using longitudinal MMRM regression models and included
independent variables treatment, visit, treatment by visit
interaction and baseline. A negative change from baseline
indicated improvement.

The TtD in ECOG PS was a pre-specified exploratory end-
point defined as time from randomization to the first
observed ECOG PS � 2; it was analyzed using the
Kaplan–Meier method and compared using an unstratified
log rank test.

Results

As of the data cutoff date for the primary analysis (23
January 2019), 29% of patients (64/224) in the ramucirumab/
erlotinib arm and 19% of patients (43/225) in the placebo/
erlotinib arm continued study treatment. The median

duration of ramucirumab treatment was 11.0months (IQR
4.2, 15.6), and the median duration of placebo treatment
was 9.7months (IQR 3.7, 15.6) at the time of data cutoff. The
median duration of follow-up was 20.7months.

Overall patient compliance for LCSS and EQ-5D-5L com-
pletion across all time points was high for both instruments:
95.7% ramucirumab/erlotinib arm, 96.7% placebo/erlotinib
arm for the LCSS; 96.1% ramucirumab/erlotinib arm, 96.6%
placebo/erlotinib arm for the EQ-5D-5L. With patient compli-
ance rates for completion of the LCSS and EQ-5D-5L >95%,
nearly all patients completed the measures at each applic-
able cycle while on the study, thus missing data were min-
imal. At the 30 day safety follow-up visit, compliance for the
LCSS was 74.4% in the ramucirumab/erlotinib arm and 79.1%
in the placebo/erlotinib arm, and compliance for the
EQ-5D-5L was 74.4% in the ramucirumab/erlotinib arm and
79.7% in the placebo/erlotinib arm.

For the LCSS, a lower score indicates better symptoms or
outcome. Baseline summary scores were similar between
treatment arms and relatively low but reflecting some symp-
tom burden among patients (Table 1). Excluding the symp-
tom of blood in sputum, the range of mean baseline scores
was 18.3 to 30.8mm for the ramucirumab/erlotinib arm and
16.6 to 30.0mm for the placebo/erlotinib arm on the
100mm scale. Blood in sputum was generally not reported
as a disease symptom of concern at baseline based on a
mean score of 2.6mm for ramucirumab/erlotinib arm
patients and 1.6mm for placebo/erlotinib arm patients.

Treatment arms were compared by examining change in
symptom scores over time, assessed as TtD. Results are
expressed in Figure 1, forest plot. The TtD in the LCSS Total
Score and the ASBI were similar between treatment arms:
LCSS Total Score HR ¼ 0.962; 95% CI ¼ 0.690–1.343; ASBI HR
¼ 1.012; 95% CI ¼ 0.732–1.400. The TtD of individual LCSS
items (appetite loss, fatigue, cough, shortness of breath,
pain, symptom distress, difficulties with daily activities and
quality of life) indicated no significant difference between
arms since the HR 95% CIs all include 1.0. The exception is
the symptom blood in sputum, which was worse for the
ramucirumab/erlotinib arm (HR ¼ 1.987; 95% CI ¼
1.206–3.275). Notably, the number of deterioration events
was low for blood in sputum (n¼ 47 for ramucirumab/erloti-
nib; n¼ 23 for placebo/erlotinib), the lowest number of
events reported among the LCSS items, and median TtD was
not achieved in either arm. The TtD Kaplan–Meier plots for
LCSS Total Score and ASBI are presented in Figure 2. To
assess the impact of treatment discontinuation due to
adverse events on LCSS analyses, a sensitivity analysis was
conducted with the combined endpoint of time to either
deterioration in LCSS or treatment discontinuation due to
AE. Adding treatment discontinuation due to AEs to the ana-
lysis did not alter the TtD LCSS results; the HR 95% CIs all
include 1.0 except for blood in sputum.

Mean LCSS Total Scores across the study were plotted for
both treatment arms (Figure 3). These mean scores were
similar for the two treatment arms across the study treat-
ment visits, including the 30 day follow-up.
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Comparing changes from baseline in LCSS items between
treatment arms was also analyzed using MMRM analysis
(Table 1). The mean change from baseline for each LCSS
parameter was similar between arms except for blood in
sputum. Consistent with the primary analysis of TtD, the
blood in sputum item was significantly worse for the
ramucirumab/erlotinib arm.

For the EQ-5D-5L, a higher score indicates better health
status. Analysis of mean changes from baseline in the Index
Score (least square mean ¼�0.01, SE ¼ 0.01, p¼ .94) and

VAS score (least square mean ¼ 1.00, SE ¼ 1.21, p¼ .95)
revealed no overall differences in health status between
treatment arms. The mean EQ-5D Index Score (±SD; Figure 4)
and VAS scores (not shown) across treatment cycles were
similar between treatment arms and within arms over time.
The only exception to the consistent EQ-5D-5L scores was a
decline in mean scores for both treatment arms at the
30 day follow-up assessment.

The TtD in ECOG PS was a pre-specified exploratory end-
point. The vast majority (94%) of patients in both treatment

Table 1. LCSS scores: baseline and change from baseline – difference between treatment arms.

Baseline LCSS Scoresa MMRM Analysis of Change from Baseline
Ramucirumab–Placebob,c

Ramucirumab Arm Placebo Arm LS Mean (SE) p Valued

(N¼ 224) (N¼ 225)

n Mean± SD n Mean± SD

Loss of appetite 216 24.7 ± 24.4 218 26.1 ± 22.9 �0.52 (1.68) .757
Fatigue 216 30.8 ± 26.5 218 26.7 ± 25.9 �0.60 (1.61) .711
Cough 216 29.6 ± 29.9 218 20.3 ± 24.1 2.42 (1.35) .073
Shortness of breath 216 20.3 ± 23.9 218 18.2 ± 22.4 1.78 (1.40) .204
Blood in sputum 216 2.6 ± 10.9 216 1.6 ± 7.9 1.63 (0.60) .007
Pain 216 18.3 ± 23.5 216 16.6 ± 23.8 0.12 (1.39) .930
Symptom distress 216 21.9 ± 24.3 217 19.8 ± 24.9 �0.98 (1.43) .494
Activity level 216 22.8 ± 25.4 217 22.7 ± 27.6 �0.53 (1.62) .744
Quality of life 216 27.4 ± 23.5 217 30.0 ± 25.7 �0.78 (1.58) .624
Total LCSS 216 22.0 ± 15.0 216 20.2 ± 16.0 0.13 (1.08) .908
ASBI 216 21.0 ± 15.2 216 18.3 ± 14.6 0.58 (1.02) .572

Abbreviations. ASBI, Average Symptom Burden Index; LCSS, Lung Cancer Symptom Scale; LS, Least square; MMRM, Mixed-effect model
repeated-measures regression; SD, Standard deviation; SE, Standard error of the LS mean.
aScores range from 0 to 100 with lower scores representing lower symptom burden or less interference with health-related quality of life.
bComparison of treatment group marginal means (the mean of the LS means averaged over the cycles). Model: response¼ baseline
scoreþ treatmentþ cycleþ treatment� cycle (with patient nested in treatment as random effect in the model).
cAt Cycle 2, n¼ 209 for the ramucirumab/erlotinib arm and n¼ 214 for the placebo/erlotinib arm (n¼ 213 for some LCSS items). At subsequent
cycles, n decreases for both arms as patients discontinue from the study.
dp Value for treatment comparison is based on LS means.

     N        # Events     N       # Events
Scale HR (95% CI)Hazard Ra�o Placebo+Erlo�nibRamucirumab+Erlo�nib
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Figure 1. Time to deterioration (TtD) in LCSS. A forest plot is shown to display the TtD hazard ratios for the LCSS data for the six symptom-specific items and three
summary items, as well as the Total Score (mean of the nine LCSS items) and the Average Symptom Burden Index (ASBI; mean of the 6 symptom items).
Abbreviations. HR, Hazard ratio; PboErl, Placeboþ erlotinib treatment arm; RamErl, Ramucirumabþ erlotinib treatment arm.

4 K. YOH ET AL.



arms maintained an ECOG PS of 0 or 1, so the TtD analysis
to ECOG PS � 2 was not feasible as planned at the time of
data cutoff.

Discussion

In RELAY, first-line treatment with ramucirumab plus erlotinib
demonstrated superior efficacy relative to placebo plus

erlotinib in patients with EGFR-mutated metastatic NSCLC.
The detailed analyses of patient-reported outcome data pre-
sented here support the clinical benefit of the RELAY regi-
men. Overall patient compliance rates for completion of the
LCSS and EQ-5D-5L surveys were >95%. This high compli-
ance rate was a strength of these analyses because substan-
tial missing data lower the statistical power of the analyses
and can introduce a population selection bias if the missing

Un-stra�fied HR = 0.962 (0.690 - 1.343)
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Figure 2. Kaplan–Meier estimates of time to deterioration for (A) Total LCSS and (B) ASBI. Abbreviations. HR, Hazard ratio; NR, Not reached; PboErl,
Placeboþ erlotinib treatment arm; RamErl, Ramucirumabþ erlotinib treatment arm.
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data are associated with treatment group assignment and
not accounted for in analyses15. Other strengths of the
RELAY PRO data include its routine collection across the long
duration of the trial and the use of both LCSS and EQ-5D-5L,
two well established and thoroughly validated assessments.

Incremental improvement in PFS, such as that observed in
RELAY, is clinically meaningful if it is associated with a pres-
ervation of quality of life24. Prior to the start of treatment,
baseline scores for RELAY patients showed no imbalance at
baseline and generally did not indicate severe symptom bur-
den or impaired quality of life among patients. These

baseline results are consistent with general clinical character-
istics (e.g. few comorbidities, non-smoking) of patients with
EGFR-mutated metastatic NSCLC, the ECOG 0–1 performance
status inclusion criterion and other trials, albeit in a popula-
tion without CNS metastasis. After start of study treatment,
LCSS data showed no difference between treatment arms in
time to deterioration in the LCSS Total Score (HR ¼ 0.962,
95% CI ¼ 0.690–1.343) and the ASBI (HR ¼ 1.012, 95% CI ¼
0.732–1.400). Additional LCSS data analyses (MMRM analysis)
focusing on mean change from baseline, yielded results
consistent with the TtD results. These findings suggest that
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overall quality of life and average symptom burden did not
differ with the addition of ramucirumab to erlotinib com-
pared to placebo plus erlotinib.

Further analysis examining LCSS Total Scores for both arms
at each time point confirmed that overall quality of life did not
differ by study arm throughout the duration of treatment with
ramucirumab added to erlotinib. Likewise, the mean EQ-5D
Index and VAS scores across treatment cycles did not vary
from baseline and were similar in both treatment arms. These
results reveal that there was consistent health status (summary
score of patient-assessed mobility, self-care, usual activities,
pain or discomfort, and anxiety or depression) throughout the
trial and no overall difference in health status between treat-
ment arms. These consistent scores occurred throughout the
relatively long treatment duration: on the ramucirumab/erloti-
nib arm, the median treatment duration was 11months for
ramucirumab and 14months for erlotinib. Only at the 30day
post-discontinuation assessment was there a decline in mean
EQ-5D-5L scores for both treatment arms, and this might
reflect the deterioration associated with disease progression.

In parallel with the consistent patient-reported outcome
summary scores, the ECOG PS observed for most patients dur-
ing treatment remained stable. Most patients on both treat-
ment arms (94%) maintained a PS of 0 or 1. Thus, the addition
of ramucirumab to erlotinib did not diminish patients’ suitabil-
ity for subsequent treatments upon progression.

The similar patient-reported outcome scores for the two
treatment arms were as expected. As observed in our study
and in others, low baseline symptom scores are frequently
observed in patients receiving first-line treatment25. Without
substantial symptom burden or impaired quality of life, there
is limited room for symptom improvement in either arm.
Furthermore, although the ramucirumab/erlotinib treatment
improved median PFS by 7months over placebo (19.4 versus
12.4months) and significantly lengthened the duration of
response (18.0 versus 11.1months), both treatment arms had
a similar overall response rate (ramucirumab/erlotinib 76%
versus placebo/erlotinib 75%) and a similar disease control
rate (ramucirumab/erlotinib 95% versus placebo/erlotinib
96%); thus, a difference in symptom improvement was
not expected.

Blood in sputum was the LCSS item with the lowest num-
ber of events (n¼ 47 ramucirumab/erlotinib arm; n¼ 23 pla-
cebo/erlotinib arm) with median times to deterioration not
reached, and the only one that was significantly different
between treatment arms. Hemoptysis or “blood in sputum”
is a symptom of concern among patients and known to
cause substantial distress. The blood-in-sputum HR was 1.987
(95% CI ¼ 1.206–3.275), indicating a significant deterioration
in this symptom for the ramucirumab/erlotinib arm. This
item is summarized as “hemoptysis” when reporting results
from the LCSS11. When completing the LCSS questionnaire,
however, patients responded to a question about blood in
sputum, but were not provided with any additional context,
nor were they expected to identify the source of blood.
Thus, the source could either be pulmonary (clinician-
reported hemoptysis) or nasopharyngeal (clinician-reported
epistaxis). As an adverse event, treatment-emergent

hemoptysis (blood in sputum) occurred at a rate of 5% in
the ramucirumab/erlotinib arm and <1% in the placebo/erlo-
tinib arm; all events were Grade 1 or 2, with no patient
discontinuing ramucirumab due to hemoptysis. Treatment-
emergent epistaxis occurred at a rate of 33.5% in the ramu-
cirumab/erlotinib arm and 12.0% in the placebo/erlotinib
arm; all events were Grade 1 or 29. Patient-reported blood in
sputum occurring more frequently among ramucirumab-
treated patients over placebo was consistent with expected
symptoms in NSCLC and the known bleeding risk for hemop-
tysis and epistaxis with VEGF inhibitors.

Use of different PRO instruments across studies limits
comparisons of the completed analyses. For example, the
FLAURA trial25 used EORTC QLQ-LC13 and QLQ-C30, two
other well established questionnaires, rather than the LCSS
and EQ-5D-5L as used in RELAY. Another limitation of the
study is that the PRO data focuses on patient symptoms and
overall health status; therefore, no conclusions about the
patient experience of possible toxicities related to treatment,
such as diarrhea or skin rash, can be made. A further limita-
tion, one often inherent in trial-based PRO assessments, is an
informative censoring bias that occurs when patients drop
out at progression when symptoms are expected to worsen.
Finally, the RELAY trial was not powered for specific hypothe-
ses in the PRO secondary endpoints, thus conclusions should
be interpreted accordingly.

Patients in RELAY experienced a PFS benefit, extended
duration of response and some additional toxicity, while
most of the lung cancer symptoms, symptom burden, overall
quality of life and health status did not significantly differ
between study arms with the addition of ramucirumab to
erlotinib, with the one exception of blood in sputum.
Overall, these patient-reported outcomes results support the
clinical benefit of the RELAY regimen in the first-line setting
of EGFR-mutated metastatic NSCLC.
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