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Background: The phase III RAINBOW trial demonstrated that the addition of ramucirumab to paclitaxel improved overall
survival, progression-free survival, and tumor response rate in fluoropyrimidine–platinum previously treated patients with
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advanced gastric/gastroesophageal junction (GEJ) adenocarcinoma. Here, we present results from quality-of-life (QoL)
and performance status (PS) analyses.
Patients and methods: Patients with Eastern Cooperative Oncology Group PS of 0/1 were randomized to receive
ramucirumab (8 mg/kg i.v.) or placebo on days 1 and 15 of a 4-week cycle, with both arms receiving paclitaxel (80 mg/
m2) on days 1, 8, and 15. Patient-reported outcomes were assessed with the QoL/health status questionnaires EORTC
QLQ-C30 and EQ-5D at baseline and 6-week intervals. PS was assessed at baseline and day 1 of every cycle. Time to
deterioration (TtD) in each QLQ-C30 scale was defined as randomization to first worsening of ≥10 points (on 100-point
scale) and TtD in PS was defined as first worsening to ≥2. Hazard ratios (HRs) for treatment effect were estimated using
stratified Cox proportional hazards models.
Results: Of the 665 patients randomized, 650 (98%) provided baseline QLQ-C30 and EQ-5D data, and 560 (84%) also
provided data from ≥1 postbaseline time point. Baseline scores for both instruments were similar between arms. Of the
15 QLQ-C30 scales, 14 had HR < 1, indicating similar or longer TtD in QoL for ramucirumab + paclitaxel. Treatment with
ramucirumab + paclitaxel was also associated with a delay in TtD in PS to ≥2 (HR = 0.798, P = 0.0941). Alternate defini-
tions of PS deterioration yielded similar results: PS≥ 3 (HR = 0.656, P = 0.0508), deterioration by ≥1 PS level
(HR = 0.802, P = 0.0444), and deterioration by ≥2 PS levels (HR = 0.608, P = 0.0063). EQ-5D scores were comparable
between treatment arms, stable during treatment, and worsened at discontinuation.
Conclusion: In patients with previously treated advanced gastric/GEJ adenocarcinoma, addition of ramucirumab to
paclitaxel prolonged overall survival while maintaining patient QoL with delayed symptom worsening and functional status
deterioration.
ClinicalTrials.gov: NCT01170663.
Key words: quality of life, gastric cancer, GEJ cancer, ramucirumab, EORTC QLQ-C30, EQ-5D

introduction
There were approximately 1.4 million new cases of gastric and
gastroesophageal cancer worldwide in 2012 [1]. The associated
2012 mortality rate of 1.1 million [1] reflects the frequent late-
stage detection and incurability of metastatic disease. While the
majority of patients progress within 6 months following first-line
therapy [2], many remain candidates for second-line treatment.
Recent open-label phase III studies comparing single-agent,
second-line taxanes or irinotecan versus best supportive care
(BSC) have demonstrated incremental improvement in survival
for patients with advanced gastric/gastroesophageal junction
(GEJ) cancer [3–5]. Single-agent ramucirumab, a human IgG1
monoclonal antibody against the vascular endothelial growth
factor receptor-2 (VEGFR-2), improved median survival for
patients with advanced gastric/GEJ cancer versus BSC in the
REGARD trial [6]. Ramucirumab prevents VEGF ligand binding
to the VEGFR-2 and subsequent receptor-mediated pathway acti-
vation in endothelial cells, thus interfering with tumor-required
angiogenesis, slowing its growth [7].
The RAINBOW trial [8] showed the addition of ramuciru-

mab to second-line paclitaxel therapy extended median survival
of advanced gastric/GEJ cancer patients by 2.3 months [9].
Median progression-free survival (PFS) was prolonged by 1.5
months, and tumor response rate and disease control rate were
likewise improved.
Since advanced gastric/GEJ cancer is an incurable condition,

treatments aim to not just prolong survival, but to maintain
patients’ quality of life (QoL). Hence, the survival benefit
observed in RAINBOW should also be considered along with
the QoL of these patients treated with ramucirumab + paclitaxel.
While some data exist on QoL in the first-line setting [10,

11], QoL data associated with the second-line treatment
are sparse. Docetaxel second-line therapy versus BSC was

shown to maintain global QoL and to reduce some symptoms
[5]. Previously reported results for the RAINBOW study indi-
cated QoL was maintained during ramucirumab + paclitaxel
treatment [8]. Additional RAINBOW analyses are presented
here, detailing the impact of second-line ramucirumab +
paclitaxel treatment on the QoL of advanced gastric/GEJ
cancer patients.

methods

study design
The design of the global, randomized, double-blind phase III RAINBOW
trial has been previously published [8] and is summarized in the supple-
ment, available at Annals of Oncology online.

patient-reported outcomes and performance
status assessment
Patient-reported outcomes (PROs) were assessed using the European
Organisation for Research and Treatment of Cancer QoL questionnaire
(EORTC QLQ-C30, version 3.0) [12] and the EuroQol five dimensions
health status questionnaire (EQ-5D-3L) [13]. The EORTC QLQ-C30 is a self-
administered, cancer-specific QoL instrument that assesses global health
status, functioning, symptoms, and toxicities. The EQ-5D is a nonspecific and
standardized instrument for self-reported health status. PROs were evaluated
at baseline, every 6 weeks (±3 days) following the first dose of study therapy
until radiographic documentation of progressive disease, and at the end-of-
therapy visit. The PRO instruments were to be completed at the beginning of
the clinic visit, before any extensive contact with investigative staff occurred.

Before every cycle, at the end of treatment, and at 30-day follow-up,
Eastern Cooperative Oncology Group (ECOG) performance status (PS) [14]
was evaluated.
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statistical considerations
All analyses were based on the intent-to-treat population. For both PRO
instruments, compliance at each assessment time point was defined as the
number of patients who completed the PRO instrument divided by the
expected number of patients at that time point; the expected number of

patients at any postbaseline visit was equal to the number of patients who
were alive and without disease progression.

The EORTC QLQ-C30 instrument was scored according to EORTC
guidelines [15], such that all scales reported from 0 to 100, with higher func-
tioning and global scores representing better QoL and higher symptom
scores representing greater symptom burden. Prespecified analyses of re-
sponse and time to deterioration (TtD) were carried out on the QLQ-C30
data. In these analyses, a change of at least 10 points in each of the scales was
considered clinically meaningful [16]. Hence, the QLQ-C30 TtD was
defined as the time from randomization to the first deterioration of ≥10
points from baseline. If no deterioration was observed, censoring occurred at
the date of the last QLQ-C30 assessment. QLQ-C30 TtD was compared
between the treatment arms using a log-rank test. The TtD hazard ratio
(HR) and 95% confidence interval were estimated using the Cox proportion-
al hazards model [17] with assigned treatment and baseline score as covari-
ates. The impact of adjusting for independent baseline factors was also
examined, considering those factors previously identified as significant for
PFS in the RAINBOW population (gender, weight loss in prior 3 months,
number of metastatic sites, and liver metastases) [8]. Sensitivity analyses
using deteriorations of ≥5, 15, and 20 points were also carried out.

The QLQ-C30 response analysis characterized each postbaseline assess-
ment as Improved or Deteriorated if change was ≥10 points, and Stable if
change was <10 points for each of the scales. The proportion of patients in
each treatment arm with Improved/Stable scores versus Deteriorated/Off-
Study/No Data at each time point was compared using the Fisher’s exact test.

The EQ-5D index scores (calculated based on UK weights) [18] and the
visual analog scale (VAS) scores were examined using summary statistics for
each assessment time by treatment arm, including change from baseline.

ECOG PS TtD was defined as the time from the date of randomization
to the date when ECOG PS score of ≥2 was observed for the first
time; censoring occurred at the date of the last ECOG PS assessment
if no deterioration was observed. ECOG PS TtD was compared
between the treatment arms using a log-rank test and presented using
Kaplan–Meier graphs. The HR was estimated using the Cox proportional

hazards model. Additional analyses were carried out by using

different definitions of deterioration and included a change in ECOG PS
to ≥3, a change of ≥1 level from baseline, and a change of ≥2 levels from
baseline.

Adjustments for multiplicity were not made in these analyses; however, a
level of 0.05 was used as the threshold for presenting results.

results
The global, double-blind, phase III RAINBOW trial enrolled
665 patients: 330 randomized to ramucirumab + paclitaxel
and 335 to the placebo + paclitaxel. The demographic, disease,
and pretreatment characteristics were generally balanced be-
tween treatment arms and reflective of the population of
patients with advanced gastric cancer enrolled in clinical trials
(supplementary Table S1, available at Annals of Oncology
online).
The completion rates of the QLQ-C30 were high, with 650

(98%) of patients completing at least one assessment. On the
basis of expected assessments, percentage compliance was >80%
at the early assessment times on both treatment arms (Table 1).
The completion rates for the EQ-5D were nearly identical
to those for QLQ-C30. The number of expected PRO instru-
ments to be completed at each scheduled assessment decreased
over time due to the decrease in the number of patients who
remained on study therapy, more markedly in the placebo +
paclitaxel arm.
As detailed in Table 2, baseline scores were similar in both

treatment arms for the 15 QLQ-C30 scales and the EQ-5D in-
strument. The QLQ-C30 role functioning scale revealed a
higher degree of baseline impairment than other functional
scales. Likewise, fatigue, appetite loss, pain, and insomnia
symptom scales showed that patients experienced these symp-
toms at baseline to a greater degree than other symptoms.

QLQ-C30 TtD analysis
The analysis of QLQ-C30 TtD data showed that QoL deterior-
ation during the course of the study was delayed for patients on
the ramucirumab + paclitaxel arm. HRs derived from comparing
TtD assessments for each of the 15 QLQ-C30 outcomes were <1

Table 1. EORTC QLQ-C30 compliance by scheduled assessmenta

Time point (weeks) Ramucirumab + paclitaxel (N = 330) Placebo + paclitaxel (N = 335)

No. of patients expected
to complete QLQ-C30

No. of completed
QLQ-C30b

Compliance (%) No. of patients expected
to complete QLQ-C30

No. of completed
QLQ-C30

Compliance (%)

0 (Baseline) 330 322 97.6 335 328 97.9
6 280 243 86.8 248 221 89.1
12 200 174 87.0 145 125 86.2
18 143 119 83.2 91 76 83.5
24 93 70 75.3 53 43 81.1
30 76 57 75.0 36 22 61.1
36 50 35 70.0 26 18 69.2

aCompliance at each assessment time point was defined as the number of patients who completed the QLQ-C30 divided by the expected number of
patients at that time point. The expected number of patients at any postbaseline visit was equal to the number of patients who were alive and without
disease progression.
bOn both arms, failure to administer accounted for 30%–32% of the missing assessments; subject decision (too ill, too inconvenient, did not understand
language, violation of privacy) accounted for 9%–14% of the missing assessments; 54%–61% of the assessments were missing for other, unspecified reasons.
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Table 2. Summary of baseline QLQ-C30 and EQ-5D scores

Ramucirumab + paclitaxel (N = 330) Placebo + paclitaxel (N = 335)

n Mean (SD) n Mean (SD)

QLQ-C30a

Global QoL/health status 322 61.5 (22.0) 326 58.0 (22.0)
Functional scales

Physical functioning 322 76.9 (20.5) 327 76.5 (20.8)
Role functioning 322 71.8 (29.6) 327 72.7 (29.3)
Emotional functioning 322 75.7 (22.1) 327 76.8 (21.9)
Cognitive functioning 322 83.9 (18.7) 327 84.0 (18.7)
Social functioning 322 77.5 (26.5) 326 73.8 (26.2)

Symptom scales
Fatigue 322 39.1 (24.4) 328 39.5 (23.9)
Nausea and vomiting 322 14.1 (22.2) 328 14.0 (21.4)
Pain 322 27.2 (29.0) 328 27.3 (27.8)
Dyspnea 321 15.2 (23.7) 328 16.3 (23.6)
Insomnia 322 27.5 (29.8) 327 26.4 (29.3)
Appetite loss 322 34.7 (33.6) 328 34.2 (32.4)
Constipation 322 18.5 (26.8) 327 21.7 (28.4)
Diarrhea 322 10.5 (18.7) 327 9.1 (18.9)

Financial impact
Financial difficulties 322 23.9 (29.8) 326 24.1 (31.2)

EQ-5Db

Index 323 0.74 (0.23) 323 0.73 (0.25)
VAS 318 65.2 (20.9) 324 63.2 (20.1)

aScores range 0–100. High scores represent better QoL for functional scales and global QoL/health status, and low scores represent less burden
for symptom scales and financial impact. Few patients reported ceiling/floor effects that did not allow for deterioration. Rates were similar between arms.
bIndex score range: −0.59 to 1; VAS score range 0–100, with high scores representing good health status.
QLQ-C30, quality-of-life questionnaire; EQ-5D, EuroQol five dimensions questionnaire; QoL, quality of life; SD, standard deviation; VAS, visual
analog scale.

Scale
Global health status 161 136

Physical functioning 173 148

Role functioning 190 171

Emotional functioning 112 117

Cognitive functioning 150 132

Social functioning 167 140

Fatigue 194 174

Nausea and vomiting 121 121

Pain 149 137

Dyspnea 133 110

Insomnia 118 107

Appetite loss 133 121

Constipation 124 93

Diarrhea 138 83

Financial difficulties 102 81

0.5 Favors RAM + PTX Favors PBO + PTX1

N
(RAM + PTX)

N
(PBO + PTX)

0.929 (0.734, 1.176)

0.834 (0.663, 1.048)

0.868 (0.703, 1.071)

0.642 (0.491, 0.840)

0.803 (0.633, 1.019)

0.933 (0.741, 1.175)

0.823 (0.666, 1.016)

0.746 (0.574, 0.969)

0.808 (0.636, 1.027)

0.992 (0.766, 1.286)

0.807 (0.617, 1.057)

0.813 (0.631, 1.048)

0.980 (0.743, 1.292)

1.333 (1.007, 1.764)

0.973 (0.721, 1.313)

HR (95% CI)

Figure 1. Time to deterioration in EORTC QLQ-C30 scales. Hazard ratios are shown for time to deterioration for each of the EORTC QLQ-C30 scales in the
ramucirumab + paclitaxel group, when compared with the placebo + paclitaxel arm. Horizontal bars represent 95% confidence limits. CI, confidence interval;
HR, hazard ratio; N, number of patients with deterioration; PBO, placebo; PTX, paclitaxel; RAM, ramucirumab.
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(favored ramucirumab + paclitaxel) except for diarrhea (Figure 1),
indicating similar or longer TtD of function time before worsening
of symptoms for patients treated with ramucirumab + paclitaxel
over those treated with placebo + paclitaxel. Adjustment for inde-
pendent baseline factors yielded consistent results with unadjusted
analyses. Sensitivity analyses that varied the definition of deterior-
ation also yielded consistent results with those derived from the
10-point definition, with HRs showing the same directionality for
each scale.

QLQ-C30 response analysis
Response analysis of each of the 15 QLQ-C30 scales supported
the TtD analysis. Visual representation of the QLQ-C30 re-
sponse is provided for the global health status score, physical
and role functioning scores, and pain, fatigue, and appetite loss
symptom scores (supplementary Figure S1A–F, available at
Annals of Oncology online). A consistently higher percentage of
ramucirumab + paclitaxel arm patients experienced ‘Stable’ or
‘Improved’ QoL parameters at each assessment, compared with
placebo + paclitaxel patients. Comparison of the two treatment
arms produced a P < 0.05 for all scales, at most time points.
Among those patients that were classified as ‘Deteriorated’,
the ramucirumab + paclitaxel arm had a greater percentage of
patients—an issue addressed in the discussion. In the placebo
arm, across all time points, each scale had a greater number of
patients classified as Off-study/No data than the ramucirumab
+ paclitaxel arm patients. Among patients with a tumor re-
sponse, there were higher percentages of stable/improved QLQ-
C30 scores across all time points, regardless of treatment arm (data
not shown).

EQ-5D
For both EQ-5D index and VAS, the mean baseline scores were
similar between the treatment arms (Table 2). During the treat-
ment period, the mean scores remained consistent with the
baseline scores and comparable between the treatment arms; the
change from baseline score was within ±0.05 for the index and
within ±4.0 for the VAS for both arms (supplementary
Figure S2, available at Annals of Oncology online). However,
notable changes were observed at the end of treatment for both
the index (supplementary Figure S2A, available at Annals of
Oncology online) and the VAS (supplementary Figure S2B, avail-
able at Annals of Oncology online) for both of the treatment
arms. These values were lower than the baseline indicating
poorer health status at the time of treatment discontinuation.

ECOG PS TtD analysis
Treatment with ramucirumab + paclitaxel was associated with a
delay in TtD of PS to ≥2 (HR = 0.798, log-rank P = 0.0941)
(Figure 2A). Additional analyses were carried out using alternate
definitions of PS deterioration with similar results: PS≥ 3
(HR = 0.656, P = 0.0508), deterioration by ≥1 PS level (HR = 0.802,
P = 0.0444), and deterioration by ≥2 PS levels (HR = 0.608,
P = 0.0063) (Figure 2B–D). The analyses must be interpreted with
caution due to the high censoring rate (≥50%).

discussion
This detailed analysis of the QoL and ECOG PS data from the
RAINBOW study demonstrates that the survival benefit asso-
ciated with second-line ramucirumab + paclitaxel was achieved
while maintaining the QoL of these patients with advanced
gastric/GEJ adenocarcinoma.
The functioning (role functioning) and symptoms (pain,

fatigue, appetite loss, and insomnia) scales that are closely
related to the advanced gastric/GEJ cancer disease state had the
poorest baseline scores in the RAINBOW study. While baseline
scores for these scales were comparable between the two treat-
ment arms, the patients treated with ramucirumab + paclitaxel
demonstrated a similar or longer TtD in the functioning and
worsening of symptoms compared with the patients treated
with placebo + paclitaxel. The symptoms of constipation and
dyspnea, as well as financial difficulties, had an HR close to 1
consistent with their limited relevance in the context of gastric/
GEJ cancer, the interventions, and a clinical trial setting.
Diarrhea, an adverse event reported with the ramucirumab +
paclitaxel combination, was the only QoL symptom with a non-
favorable HR, an observation noted in other clinical trials. Since
even low-grade diarrhea may have a negative impact on QoL
[19], clinicians might well proactively inform patients of
symptom management options.
At all on-therapy assessment time points, a higher percentage

of patients in the ramucirumab + paclitaxel arm were classified as
Improved/Stable compared with those in the placebo + paclitaxel
arm for all QLQ-C30 parameters. Although the ramucirumab +
paclitaxel arm generally had a greater percentage of patients clas-
sified as ‘Deteriorated’, the placebo + paclitaxel arm had a higher
percentage of patients in the combined ‘Deteriorated/No data’
groups. The higher percentage of patients on the placebo arm in
this combined grouping is due to the earlier discontinuation of
treatment among placebo + paclitaxel arm patients compared
with the ramucirumab + paclitaxel arm patients, in most cases
due to disease progression. One can argue that those patients who
discontinued likely had deteriorated QoL; hence, these discontin-
ued patients without data at a given assessment time point could
be considered more like those classified as ‘Deteriorated.’ Since
such assumptions remain debatable in QoL research, and since
patient attrition translates into a steady decline in available data,
especially in the less-effective arm, QoL response analyses in
rapidly progressing cancer patients should be interpreted with
caution.
The analysis of TtD in PS corroborates that ramucirumab

treatment maintains the health of patients for a longer period.
Patients treated with ramucirumab + paclitaxel experienced a
delay in TtD of PS over those treated with placebo + paclitaxel.
The preservation of patients’ functional status is a key goal and
may allow for them to receive further treatment and additional
benefit.
The EQ-5D results were consistent with other results in

that they indicate that progressive disease has the greatest
impact on QoL. However, as expected, this generic tool did
not differentiate between treatment arms. Despite the limited
usefulness of these data in clinical practice, health state utility
data are worthwhile to collect and report for economic eva-
luations.
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Patients with metastatic gastric/GEJ cancer seek to preserve their
QoL during second-line treatment. The QLQ-C30 results presented
here demonstrate that the combination of ramucirumab + paclitaxel
prolongs survival while maintaining patient QoL, lengthening
the TtD of symptoms and functions, and slowing PS deterior-
ation. These robust and detailed QoL data could inform clinical
decision making and provide patients with more detailed
information about the functional and symptomatic impact
of treatment. These results support the recommendation of
paclitaxel + ramucirumab for previously treated gastric/GEJ
cancer if a taxane is indicated and if there are no ramucirumab
contraindications.
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Figure 2. (A–D) Kaplan–Meier plots of time to deterioration of performance status. Time to deterioration defined as a decline in ECOG PS: (A) to ≥2; (B) to
≥3; (C) by ≥1 level; (D) by ≥2 levels. The y-axis shows the probability that patients will not deteriorate to these specific PS thresholds. Median TtD (months) is
shown, along with the total number of patients, the number of TtD events and the number of censored patients. NA, not available; PS, Eastern Cooperative
Oncology Group performance status; TtD, time to deterioration.
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