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Summary
Background Ramucirumab is a human IgG1 monoclonal antibody that targets the extracellular domain of VEGFR-2. 
We aimed to assess effi  cacy and safety of treatment with docetaxel plus ramucirumab or placebo as second-line 
treatment for patients with stage IV non-small-cell-lung cancer (NSCLC) after platinum-based therapy.

Methods In this multicentre, double-blind, randomised phase 3 trial (REVEL), we enrolled patients with squamous or 
non-squamous NSCLC who had progressed during or after a fi rst-line platinum-based chemotherapy regimen. 
Patients were randomly allocated (1:1) with a centralised, interactive voice-response system (stratifi ed by sex, region, 
performance status, and previous maintenance therapy [yes vs no]) to receive docetaxel 75 mg/m² and either 
ramucirumab (10 mg/kg) or placebo on day 1 of a 21 day cycle until disease progression, unacceptable toxicity, 
withdrawal, or death. The primary endpoint was overall survival in all patients allocated to treatment. We assessed 
adverse events according to treatment received. This study is registered with ClinicalTrials.gov, number NCT01168973.

Findings Between Dec 3, 2010, and Jan 24, 2013, we screened 1825 patients, of whom 1253 patients were randomly 
allocated to treatment. Median overall survival was 10·5 months (IQR 5·1–21·2) for 628 patients allocated ramucirumab 
plus docetaxel and 9·1 months (4·2–18·0) for 625 patients who received placebo plus docetaxel (hazard ratio 0·86, 
95% CI 0·75−0·98; p=0·023). Median progression-free survival was 4·5 months (IQR 2·3–8·3) for the ramucirumab 
group compared with 3·0 months (1·4–6·9) for the control group (0·76, 0·68–0·86; p<0·0001). We noted treatment-
emergent adverse events in 613 (98%) of 627 patients in the ramucirumab safety population and 594 (95%) of 618 
patients in the control safety population. The most common grade 3 or worse adverse events were neutropenia (306 
patients [49%] in the ramucirumab group vs 246 [40%] in the control group), febrile neutropenia (100 [16%] vs 62 [10%]), 
fatigue (88 [14%] vs 65 [10%]), leucopenia (86 [14%] vs 77 [12%]), and hypertension (35 [6%] vs 13 [2%]). The numbers of 
deaths from adverse events (31 [5%] vs 35 [6%]) and grade 3 or worse pulmonary haemorrhage (eight [1%] vs eight [1%]) 
did not diff er between groups. Toxicities were manageable with appropriate dose reductions and supportive care.

Interpretation Ramucirumab plus docetaxel improves survival as second-line treatment of patients with stage IV NSCLC. 

Funding Eli Lilly.

Introduction
Lung cancer is the leading cause of death from cancer in 
the world.1 Advanced non-small-cell lung cancer (NSCLC) 
is responsible for most of these cases, and although 
therapy directed against driver mutations has led to 
impressive gains in many regions, most patients do not 
have mutations associated with approved targeted drugs.2 
Initial therapy usually entails four to six cycles of 
platinum-based chemotherapy,3 and some patients 
subsequently receive maintenance therapy.4 Although 
30–40% of patients initially respond to cytotoxic therapy, 
all patients eventually have disease progression on or 
after treatment.5 

Clinically approved second-line therapies for 
NSCLC include docetaxel, erlotinib, and pemetrexed.3,6–8 

Treat ment with docetaxel led to improved overall survival 
compared with best supportive care6 and erlotinib led to 
improved overall survival compared with placebo.7 
Pemetrexed did not diff er in effi  cacy from docetaxel and 
is approved in non-squamous NSCLC.8 Clinical outcomes 
in this second-line population are poor with objective 
response rates (ORR) of less than 10%, median 
progression-free survival (PFS) of less than 4 months, 
and median overall survival of 7–9 months.9 Several 
phase 3 studies have assessed addition of a cytotoxic or 
targeted agents in previously treated patients, but outside 
of subset analyses, none of these studies showed an 
improvement in overall survival.10 Treatment of patients 
with squamous tumour histology is especially 
challenging because of a lack of driver mutations 
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associated with response to approved agents, and the 
frequent central location of the tumour in proximity to 
large blood vessels and airways, haemoptysis, and worse 
overall prognosis.2

One hallmark of cancer is angiogenesis, the multistep 
formation of new capillaries and blood vessels.11 Blockade 
of VEGFR-2 signalling inhibits formation, proliferation, 
and migration of new blood vessels.12 Addition of 
bevacizumab, a recombinant humanised monoclonal 
antibody against VEGF, to carboplatin-paclitaxel fi rst-line 
chemotherapy led to a signifi cant improvement in overall 
survival in eligible patients with non-squamous NSCLC;13 
however, the addition of bevacizumab to fi rst-line 
cisplatin plus gemcitabine did not improve overall 
survival.14 

Ramucirumab (IMC-1121B, ImClone Systems, 
Bridgewater, NJ, USA) is a fully human IgG1 monoclonal 
antibody that specifi cally binds to the VEGFR-2 
extracellular domain with high affi  nity, preventing 
binding of all VEGF ligands and receptor activation.15 In 
second-line treatment of advanced gastric cancer, two 
positive phase 3 studies16,17 showed ramucirumab 
signifi cantly improved survival as a single agent and in 
combination with paclitaxel.

We aimed to assess effi  cacy and safety of ramucirumab 
plus docetaxel versus placebo plus docetaxel as second-
line therapy in patients with stage IV NSCLC whose 
disease had progressed during or after fi rst-line platinum-
based chemotherapy with or without maintenance 
treatment. 

Methods
Study design and patients
In this randomised, double-blind, placebo-controlled 
phase 3 REVEL study, we enrolled adults (aged ≥18 years) 
at academic medical centres and community clinics in 
26 countries on six continents.18 Eligible patients had 
pathologically confi rmed, squamous or non-squamous 
stage IV NSCLC that had progressed during or after a 
single platinum-based chemotherapy regimen, with or 
without bevacizumab or maintenance therapy. We 
included patients with recurrent disease who had 
received adjuvant or neoadjuvant therapy or 
chemoradiotherapy for locally advanced disease if their 
disease had progressed up to 6 months after completion 
of adjuvant or neoadjuvant platinum-based therapy, or if 
their disease had progressed more than 6 months after 
therapy and during or after one subsequent platinum-
based chemotherapy regimen. We excluded patients 
whose only previous therapy for advanced or metastatic 
disease was EGFR tyrosine kinase inhibitor monotherapy. 
Patients were eligible for inclusion if they had measurable 
or non-measurable disease (defi ned according to 
Response Evaluation Criteria in Solid Tumors [RECIST] 
version 1.1)19 with an Eastern Cooperative Oncology 
Group (ECOG) performance status of 0 or 1. Key 
exclusion criteria included major blood vessel 

involvement, intratumour cavitation, poorly controlled 
hypertension, gastrointestinal perforation or fi stulae, 
arterial thromboembolic event within 6 months (before 
randomisation), gross haemoptysis within 2 months, or 
grade 3–4 gastrointestinal bleeding (defi ned by National 
Cancer Institute Common Terminology Criteria for 
Adverse Events [NCI-CTCAE], version 4.0)20 within 
3 months (see appendix for full details of exclusion 
criteria). The protocol was approved by site-specifi c ethics 
review boards. Study conduct was guided by principles of 
good clinical practice and the Declaration of Helsinki. 
Patients provided written informed consent before 
treatment initiation. 

Randomisation and masking
We randomly assigned patients (1:1) to receive 
intravenous docetaxel 75 mg/m² plus intravenous 
ramucirumab 10 mg/kg (ramucirumab group) or 
intravenous docetaxel 75 mg/m² plus placebo (control 
group) on day 1 of a 21 day cycle. Randomisation was 
done via a centralised, interactive voice-response system 
and was stratifi ed by performance status, sex, previous 
maintenance therapy (yes vs no), and geographical region 
(Taiwan and South Korea vs other). Patients, study staff , 
and the sponsor were masked to treatment assignment. 
Unmasking was to be done for individual patients in 
emergencies only.

Procedures
Patients received treatment cycles until radiographically 
confi rmed disease progression, unacceptable toxicity, 
withdrawal, or death. An independent data monitoring 
committee performed periodic reviews of safety data and 
recommended on May 11, 2012, that new patients 
enrolled in east Asia should receive docetaxel 60 mg/m² 
rather than 75 mg/m². Use of colony-stimulating factors 
and erythroid-stimulating factors was permitted at 
investigator discretion. In case of treatment-related 
adverse events, up to two ramucirumab dose reductions 
were allowed (appendix). Docetaxel reductions followed 
label recommendations. Patients who discontinued 
combination therapy because of adverse events related to 
ramucirumab or docetaxel were allowed to continue 
monotherapy. Treatment after study discontinuation was 
done at the discretion of the investigators. 

Outcomes
The primary endpoint was overall survival (time from 
randomisation until death). Secondary endpoints 
included PFS (time from randomisation until disease 
progression or death) and ORR as assessed by investi-
gators according to RECIST 1.1 at baseline, and every 
6 weeks thereafter. We reported adverse events according 
to NCI-CTCAE.20 

We assessed patient-reported symptoms and quality-of-
life at baseline, the end of each cycle, and at the end of 
therapy, using the Lung Cancer Symptom Scale (LCSS)21 

See Online for appendix
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and the EuroQoL Five Dimensions questionnaire.22 The 
LCSS uses a 100 mm Visual Analog Scale (VAS) and 
includes six items focused on lung cancer symptoms 
(appetite loss, fatigue, cough, shortness of breath, blood 
in sputum, and pain) plus three global items (symptom 
distress, diffi  culties with daily activities, and global 
quality-of-life).21 The global quality-of-life score portion of 
the LCSS will be mentioned in this report, with additional 
quality-of-life analysis published elsewhere.

Exploratory objectives included assessment of 
ramucirumab pharmacokinetics and immunogenicity in 
patient serum with a validated ELISA format,16 and 
biomarker assess ments with patient blood and plasma 
and archival tumour tissue, when available. 

Statistical analysis
We planned to enrol 1242 patients, with an assumption 
of 869 overall survival events (30% censoring), and with 
85% power to detect a hazard ratio (HR) for overall 
survival of 0·816 with a one-sided α level of less than 
0·025, equating to a projected median overall survival of 
7·5 months in the control group and 9·2 months in the 
ramucirumab group. 

For the primary effi  cacy analysis, we did a stratifi ed log-
rank comparison of overall survival in the intention-to-
treat population. An independent data monitoring 
committee interim effi  cacy analysis for futility was done 
after 150 overall survival events (details in appendix). 
Safety analyses included all patients who received at least 
one dose of study drug. We assessed sensitivity of the 
treatment eff ect from the primary analysis through 
adjustment for prespecifi ed prognostic variables. This 
multivariate analysis aimed to determine whether 
treatment eff ect remained a signifi cant predictor of 
outcome even when the eff ects of other variables shown 
to aff ect survival times were taken into account. 

We used a gate-keeping strategy to control the overall 
type 1 error at 0·05 (two-sided) for analysis of the 
primary endpoint and secondary endpoints. Under this 
strategy, statistical testing to allow formal inferential 
statements proceeded sequentially: testing of PFS 
endpoint was permitted if overall survival test was 
signifi cant, and testing of ORR endpoint was permitted 
if PFS was signifi cant. 

We created overall survival and PFS survival curves 
with the Kaplan-Meier method. We estimated HR with 
stratifi ed Cox proportional hazards models. We used 
multivariable analysis with a stepwise Cox regression 
model of predefi ned baseline characteristics to examine 
the eff ect of treatment after adjustment for other 
signifi cant prognostic factors (appendix). We compared 
ORRs (percentage of patients in the intention-to-treat 
population with a complete response or partial response) 
and disease control rates (percentage of patients in the 
intention-to-treat population with tumour response or 
stable disease) in each treatment group with the Cochran-
Mantel-Haenszel test. 

We scored LCSS data according to developer 
guidelines,21 and calculated percentage compliance 
according to the number of completed assessments 
divided by the number of expected assessments (patients 
still on study) for the intention-to-treat population. The 
primary quality-of-life analysis used the Kaplan-Meier 
method and Cox regression to compare time to 
deterioration for each item of the LCSS between arms 
with a prespecifi ed 15 mm or greater increase from 
baseline to defi ne deterioration. We used SAS version 
9.1.2 or higher for all statistical analyses. 

This study was registered with ClinicalTrials.gov, 
number NCT01168973.

Role of the funding source
The study sponsor provided study drug and collaborated 
with investigators on study design, data collection, 
analysis, and interpretation, and preparation of this 

1253 randomly allocated

1825 patients screened

621 control group patients received treatment‡
10 on treatment at data cutoff

611 discontinued
429 progressive disease

53 patient decisions
19 investigator decision
55 adverse events
14 deaths from study disease
31 deaths from adverse events§
10 other (protocol entry criteria not met, 

lost to follow-up, sponsor decision)

624 ramucirumab group patients received treatment
11 on treatment at data cutoff

613 discontinued
341 progressive disease

90 patient decisions
37 investigator decision
94 adverse events
12 deaths from study disease
30 deaths from adverse events§

9 other (protocol entry criteria not met, 
lost to follow-up, sponsor decision)

628 allocated ramucirumab plus docetaxel 
(ramucirumab group; intention-to-treat 
population)

4 did not receive treatment

627 received ≥1 dose of ramucirumab-
docetaxal (safety population)‡

625 allocated placebo plus docetaxel 
(control group; intention-to-treat population)

4 did not receive treatment
3 controls received one dose of 

ramucirumab in error

618 received ≥1 dose of placebo-docetaxal
(safety population)

572 excluded
486 did not meet study criteria*

71 declined participation
9 died
6 other†

Figure 1: Trial profi le
*Presence of untreated CNS metastases (143 patients [29%]), radiological evidence of major blood vessel 
involvement (63 patients [13%]), and inadequate organ function (48 patients [10%]). †Loss to follow-up (two 
patients), general health deterioration (one patient), tumour haemorrhage (one patient), ulcer (one patient), and 
unknown (one patient). ‡Includes three controls who received one dose of ramucirumab in error. §34 (5%) 
patients in the ramucirumb group and 35 (6%) controls had an adverse event that led to death either while on 
study or within 30 days after study discontinuation (among these patients, the deaths of 30 and 31 patients 
resulted in study discontinuation); 15 (2%) patients in the ramucirumb group and nine (1%) controls were 
possibly related to the study drugs, including haemorrhage events (fi ve in the ramucirumab group and three in 
the control group), infection (four and two), cardiac events (two and two), respiratory arrest, distress, or 
infl ammation (two and one), renal failure (one and none), pulmonary embolism (one and none), and ischaemic 
stroke (none and one).
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report. EBG wrote the fi rst draft of the report with the 
sponsor and coauthors. The principal investigators had 
full access to all data, and all authors had fi nal 
responsibility for the decision to submit for publication.

Results
We enrolled patients between Dec 3, 2010, and Jan 24, 
2013 (fi gure 1, table 1). By data cutoff  on of Dec 20, 2013, 
884 patients had died (29% censoring rate). Four patients 
on each arm did not receive treatment, and three patients 
in the placebo group received one dose of ramucirumab 
inadvertently; thus for safety analyses, 627 patients were 
included in the ramucirumab group and 618 patients 
were included in the placebo group. Baseline 
characteristics were much the same for patients in the 
intention-to-treat population (table 1) and in squamous 
and non-squamous subgroups (data not shown).

At the time of primary analysis, 11 (2%) of 628 patients 
in the ramucirumab group and ten (2%) of 625 controls 
were still receiving treatment. 428 (68%) patients in the 
ramucirumab group had died (median follow-up 

9·5 months [IQR 4·4–14·9]), as had 456 (73%) controls 
(8·8 months [3·7–13·7]). 

Median overall survival was 10·5 months (IQR 5·1–21·2) 
in the ramucirumab group compared with 9·1 months 
(4·2–18·0) in the control group (stratifi ed HR 0·86, 
95% CI 0·75–0·98; p=0·023; fi gure 2). Treatment after 
study discontinuation was balanced between treatment 
arms (320 patients [51%] in the ramucirumab group vs 
343 [55%] in the control group; appendix). This 
improvement in overall survival persisted on sensitivity 
analyses (appendix). 

Although the study was not powered for subgroup 
analysis, most subgroups of patients had numerically 
longer survival on ramucirumab-docetaxel than placebo-
docetaxel (appendix), including patients with non-
squamous disease (11·1 months [IQR 5·3–24·3] in the 
ramucirumab group vs 9·7 months [4·4–19·6] in the 
control group; HR 0·83, 95% CI 0·71–0·97), patients with 
squamous disease (9·5 months [4·4–17·6] vs 8·2 months 
[3·6–14·9]; 0·88, 0·69–1·13), and responders to fi rst-line 

Ramucirumab plus 
docetaxel group 
(n=628)

Placebo plus 
docetaxel group 
(n=625)

Age, years

Median (range) 62 (21–85) 61 (25–86)

<65 years 391 (62%) 407 (65%)

≥65 years 237 (38%) 218 (35%)

Sex

Male 419 (67%) 415 (66%)

Female 209 (33%) 210 (34%)

Race (self-reported)*

White 526 (84%) 503 (80%)

Asian 74 (12%) 86 (14%)

Black 17 (3%) 16 (3%)

Other 10 (2%) 20 (3%)

Region of origin

East Asia (South Korea or 
Taiwan)

43 (7%) 46 (7%)

Other 585 (93%) 579 (93%)

ECOG performance status†

0 207 (33%) 199 (32%)

1 420 (67%) 425 (68%)

Disease

Measurable 606 (96%) 603 (96%)

Non-measurable 22 (4%) 22 (4%)

Smoking history

Ever 518 (82%) 483 (77%)

Never 109 (17%) 141 (23%)

Unknown 1 (<1%) 1 (<1%)

Histological subtype

Non-squamous 465 (74%) 447 (72%)

Squamous 157 (25%) 171 (27%)

Unknown 6 (1%) 7 (1%)

(Continues in next column)

Ramucirumab plus 
docetaxel group 
(n=628)

Placebo plus 
docetaxel group 
(n=625)

(Continued from previous column)

EGFR status

Wild type 207 (33%) 197 (32%)

Mutant 15 (2%) 18 (3%)

Unknown or missing 406 (65%) 410 (66%)

Best response to platinum-based chemotherapy

CR, PR, or SD 420 (67%) 417 (67%)

PD 178 (28%) 182 (29%)

Missing 30 (5%) 26 (4%)

Previous maintenance treatment

No 493 (79%) 482 (77%)

Yes‡ 135 (21%) 143 (23%)

Previous taxane

No 475 (76%) 476 (76%)

Yes 153 (24%) 149 (24%)

Previous bevacizumab treatment

No 540 (86%) 533 (85%)

Yes 88 (14%) 92 (15%)

Time since previous therapy

<9 months 400 (64%) 374 (60%)

≥9 months 226 (36%) 251 (40%)

Missing 2 (<1%) 0 

Data are n (%), unless otherwise stated. ECOG=Eastern Cooperative Oncology 
Group. CR=complete response. PR=partial response. SD=stable disease. 
PD=progressive disease. *Data not available for one patient in the ramucirumab 
group. †Data not available for one patient in each group. ‡Maintenance therapy in 
the ramucirumab group included pemetrexed (54 patients [9%]), bevacizumab 
(30 patients [5%]), EGFR tyrosine kinase inhibitor (16 patients [3%]), 
investigational drug (14 patients [2%]), and other (18 patients [3%]) and in the 
control group included pemetrexed (53 patients [9%]), bevacizumab (43 patients 
[7%]), EGFR tyrosine kinase inhibitor (14 patients [2%]), investigational drug 
(22 patients [4%]), and other (13 patients [2%]). 

Table 1: Baseline characteristics
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platinum treatment (11·2 months [5·6–24·5] vs 
10·3 months [5·2–20·3]; 0·84, 0·71–0·99; appendix). 
Treatment response in non-responders to fi rst-line 
platinum treatment was similar in both groups 
(8·3 months [4·2–16·3] vs 6·3 months [2·6–13·6]; 0·86, 
0·68–1·08; appendix).

Median PFS was 4·5 months (IQR 2·3–8·3; 11·1% 
censoring) for the ramucirumab group compared with 
3·0 months (1·4–6·9; 6·7% censoring) for the control 
group (HR 0·76, 95% CI 0·68–0·86; p<0·0001; fi gure 3). 
This eff ect was maintained after adjustment for other 
signifi cant baseline prognostic factors (appendix). The 
eff ect of ramucirumab-docetaxel on PFS was consistent 
across most subgroups on the basis of baseline 
characteristics (appendix) including squamous and 
non-squamous histology.

144 (23%) of patients in the ramucirumab group had an 
investigator-assessed ORR compared with 85 (14%) 
controls (odds ratio [OR] 1·89, 95% CI 1·41–2·54]; 
p<0·0001). We also noted this benefi t in the disease 
control rate (402 [64%] patients in the ramucirumab 
group vs 329 [53%] controls; 1·60, 1·28–2·01; p<0·0001). 
Non-squamous and squamous subgroups had much the 
same response rate benefi t (appendix). 

Median treatment duration was 15·0 weeks (IQR 6·1–
26·6) with ramucirumab (median 4·5 infusions [IQR 
2·0–8·0]) and 12·0 weeks (6·0–21·0) with placebo 
(median 4·0 infusions [2·0–7·0]), and we noted a relative 
mean dose intensity of 94·6% (SD 11·0) for ramucirumab. 
Patients received a median of 4·0 docetaxel infusions 
(IQR 2·0–7·0 in the ramucirumab group, 2·0–6·0 in the 
placebo group) in both groups (appendix). 

204 (33%) of 627 patients treated with ramucirumab-
docetaxel had an adverse event resulting in at least one 
dose adjustment (ie, reduction, delay, or omission of any 
study drug during a cycle). 139 (23%) of 618 patients in 
the placebo-docetaxel group had at least one dose 
adjustment. The most common adverse events leading to 
dose adjustments for ramucirumab compared with 
placebo were neutropenia (77 [12%] patients in the 
ramucirumab group vs 55 [9%] controls), fatigue (54 [9%] 
patients vs 34 [6%] controls), and febrile neutropenia 
(44 [7%] patients vs 28 [5%] controls). 

Grade 3 or worse haematological adverse events 
occurring in at least 10% of patients in the ramucirumab 
group included neutropenia, febrile neutropenia, and 
leucopenia (table 2). 75 patients in each group had grade 
3 neutropenia. 231 (37%) of patients in the ramucirumab 
group and 171 (28%) controls had grade 4 neutropenia. 
Incidence of febrile neutropenia was higher in patients 
treated with ramucirumab than controls (grade 3: 
61 [10%] patients vs 40 [6%] controls; grade 4: 39 [6%] 
patients vs 22 [4%] controls). Use of granulocyte colony-
stimulating factors and granulocyte macrophage colony-
stimulating factors did not diff er between groups 
(262 [42%] patients vs 226 [37%] controls). 82 (13%) 
patients in the ramucirumab group and 50 (8%) controls 

were admitted to hospital for febrile neutropenia. Rates 
of sepsis did not diff er between groups, with three 
deaths in each group. Incidence of anaemia was higher 
in the control group than the ramucirumab group, with 
62 (10%) patients in the ramucirumab group and 
76 (12%) controls receiving a transfusion.

Number at risk
Ramucirumab
plus docetaxel

Placebo plus
docetaxel

0

628

625

3

527

501

6

415

386

9

329

306

12

231

197
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Patients in the ramucirumab group had more bleeding 
or haemorrhage events of any grade (181 [29%] vs 94 [15%] 
controls), although rates of grade 3 or worse events were 

much the same (six grade 3 events in each group and one 
grade 4 event in the ramucirumab group [intracranial 
tumour haemorrhage]). Incidence of epistaxis of any 
grade was signifi cantly higher in the ramucirumab group 
than in the control group, but few grade 3 or worse events 
occurred (table 2). Gastrointestinal and respiratory tract 
bleeding events, including haemoptysis and pulmonary 
haemorrhage, did not diff er between groups (table 2) or 
according to histological disease type (appendix).

Hypertension occurred more frequently in the 
ramucirumab group than the control group (table 2), 
with one grade 4 hypertension event occurring in the 
ramucirumab group. The number of patients who had 
infusion-related reactions, venous or arterial thrombo-
embolic events, or renal failure was low and much the 
same between groups. Most adverse events were 
manageable with dose adjustments or supportive care 
treatments.

Occurrence of serious adverse events was much the 
same in both treatment groups (269 [43%] in the 
ramucirumab group [263 hospital admissions] vs 
262 [42%] in the control group [263 hospital 
admissions]). Increased incidence of neutropenia and 
febrile neutropenia in east Asia (Taiwan and South 
Korea) led to a docetaxel dosage change in this region: 
65 (73%) patients received docetaxel 75 mg and 24 (27%) 
patients received docetaxel 60 mg. The lowered dose 
decreased the incidence of febrile neutropenia from 
14 (44%) of 32 patients to none of 11 patients in the 
ramucirumab group and from four (12%) of 33 patients 
to one (8%) of 13 patients in the control group, and 
lowered the incidence of neutropenia to that reported 
in other regions. The mean duration of docetaxel 
treatment was much the same in the east Asian 
population and the rest of the world. 

In the treated safety population, 53 patients in the 
ramucirumab group and 58 controls died on study or 
within 30 days of fi nal study drug dose. The number of 
deaths due to adverse events was much the same between 
groups (fi gure 1). 

At baseline, 484 (77%) patients in the ramucirumab 
group and 491 (79%) controls provided data on quality-of-
life; at 30 day follow-up, 296 (47%) and 305 (49%) of 
patients provided data. The global quality-of-life analysis 
showed that time to deterioration did not diff er between 
treatment groups (stratifi ed HR 1·00, 95% CI 0·84–1·19; 
p=0·99), with 349 (56%) of patients in the ramucirumab 
group and 365 (58%) controls censored (appendix). 

Discussion
To our knowledge, ramucirumab is the fi rst new therapy 
for previously treated NSCLC to improve overall survival 
compared with an active comparator (panel). Other 
therapies have been approved on the basis of non-
inferiority or comparisons with placebo and best 
supportive care. Our data analysis plan was straight-
forward and was maintained throughout the study. 

Ramucirumab plus docetaxel 
group (n=627)

Placebo plus docetaxel group 
(n=618)

Any grade Grade ≥3 Any grade Grade ≥3

Treatment-emergent adverse events

Any 613 (98%) 495 (79%)† 594 (95%) 444 (71%)

Fatigue 343 (55%) 88 (14%) 309 (49%) 65 (10%)

Decreased appetite 182 (29%) 14 (2%) 154 (25%) 8 (1%)

Diarrhoea 199 (32%) 29 (5%) 171 (27%) 19 (3%)

Nausea 169 (27%) 7 (1%) 170 (27%) 9 (1%)

Alopecia 162 (26%) NA 156 (25%) NA

Stomatitis 146 (23%) 27 (4%) 80 (13%) 10 (2%)

Neuropathy 145 (23%) 17 (3%) 126 (20%) 10 (2%)

Dyspnoea 138 (22%) 24 (4%) 149 (24%) 51 (8%)

Cough 133 (21%) 3 (<1%) 128 (20%) 5 (1%)

Pyrexia 104 (17%)) 3 (<1%) 80 (13%) 2 (<1%)

Peripheral oedema 102 (16%) 0 53 (8%) 2 (<1%)

Constipation 101 (16%) 1 (<1%) 108 (17%) 6 (1%)

Mucosal infl ammation 101 (16%) 18 (3%) 43 (7%) 3 (<1%)

Vomiting 87 (14%) 8 (1%) 88 (14%) 12 (2%)

Lacrimation increased 84 (13%) 1 (<1%) 28 (4%) 0

Myalgia 78 (12%) 4 (1%) 65 (10%) 4 (1%)

Arthralgia 72 (11%) 7 (1%) 49 (8%) 4 (1%)

Back pain 71 (11%) 7 (1%) 53 (8%) 2 (<1%)

Abdominal pain 68 (11%) 5 (1%) 61 (10%) 8 (1%)

Dysgeusia 67 (11%) NA 46 (7%) NA

Insomnia 67 (11%) 3 (<1%) 51 (8%) 1 (<1%)

Headache 66 (11%) 3 (<1%) 67 (11%) 6 (1%)

Haematological adverse events

Neutropenia 345 (55%) 306 (49%) 284 (45%) 246 (39%)

Leucopenia 134 (21%) 86 (14%) 117 (19%) 77 (12%)

Anaemia 131 (21%) 18 (3%) 174 (28%) 35 (6%)

Febrile neutropenia 100 (16%) 100 (16%) 62 (10%) 62 (10%)

Thrombocytopenia 84 (13%) 18 (3%) 32 (5%) 4 (1%)

Adverse events of special interest

Bleeding or haemorrhage 181 (29%) 15 (2%) 94 (15%) 14 (2%)

Epistaxis 116 (19%) 2 (<1%) 40 (6%) 1 (<1%)

Gastrointestinal haemorrhage 17 (3%) 4 (1%) 10 (2%) 2 (<1%)

Pulmonary haemorrhage 49 (8%) 8 (1%) 46 (7%) 8 (1%)

Haemoptysis 36 (6%) 4 (1%) 32 (5%) 4 (1%)

Hypertension 68 (11%) 35 (6%) 30 (5%) 13 (2%)

Infusion-related reaction 23 (4%) 5 (1%) 28 (4%) 4 (1%)

Proteinuria 21 (3%) 1 (<1%) 5 (1%) 0

Venous thromboembolic 16 (3%) 11 (2%) 36 (6%) 18 (3%)

Renal failure 14 (2%) 3 (<1%) 14 (2%) 2 (<1%)

Arterial thromboembolic 10 (2%) 6 (1%) 13 (2%) 8 (1%)

Congestive heart failure 6 (1%) 5 (1%) 4 (1%) 1 (<1%)

Gastrointestinal perforation 6 (1%) 5 (1%) 2 (<1%) 2 (<1%)

Adverse events reported according to MedDRA preferred terms , with some terms consolidated (full details in the 
appendix). NA=not applicable. 

Table 2: Adverse events occurring in at least 10% of patients or of special interest irrespective of cause
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Improvement of overall survival is regarded as the gold 
standard in NSCLC, especially for second-line therapy.23 
Other endpoints, including PFS, ORR, and disease 
control rate, also showed improvement with 
ramucirumab-docetaxel treatment. The duration of 
benefi t in PFS (1·5 months) and overall survival 
(1·4 months) was much the same, suggesting that the 
delay in progression did not just extend time on drug but 
translated to a clinically meaningful additional duration 
of survival in this group of previously treated patients. 

Our study population was representative of the general 
NSCLC population (table 1). Our large sample size makes 
an imbalance in the distribution of prognostic biomarkers 
unlikely, including molecular characteristics. Because 
pemetrexed is frequently used in fi rst-line treatment of 
non-squamous carcinoma, docetaxel is the cornerstone of 
second-line treatment in advanced NSCLC, and has 
potential superiority over erlotinib in patients with wild-
type EGFR.24 Notably, the control group in our study had 
better outcomes than those that have been reported in 
other phase 3 studies with docetaxel,8,25,26 despite our 
inclusion of patients who had received maintenance 
therapy after fi rst-line platinum-based treatment. The 
reason for this disparity is unclear, although our exclusion 
of patients with performance status 2 or worse might 
have contributed. Such patients can be treated in second-
line setting, but their outcome is poor with chemotherapy.27 
Exclusion of this group, in addition to other criteria that 
excluded patients at increased risk from anti-angiogenic 
therapy (major blood vessel encasement or invasion and 
intratumour cavitation) led to 572 (31%) of 1825 consented 
patients not being enrolled. Although the patient 
population was broad in comparison to currently 
approved anti-angiogenic agents,13 the ineligibility of 
many patients who would be treated with docetaxel in this 
setting somewhat limits the generalisability of our results. 

We noted benefi ts of ramucirumab in most subgroups 
analysed. However, questions about effi  cacy remain in 
elderly patients. A retrospective analysis of the E4599 
study28 suggested that patients aged 70 years or older had 
greater toxicity than did younger patients and no survival 
improvement when bevacizumab was added to 
chemotherapy. Of note, E4599 subset analysis also 
suggested lack of benefi t in women,13 whereas 
ramucirumab was much the same by sex. No interaction 
between age and treatment eff ect was noted in three other 
phase 3 studies (in other diseases) with ramucirumab.16,17,29 
With confl icting data in other studies and large confi dence 
intervals, patient-based benefi t-risk assessment will 
remain a key consideration in elderly patients.

Most toxicities were manageable with appropriate dose 
reductions and supportive care, without substantial 
reduction in the planned dose intensity of ramucirumab 
or docetaxel. Ramucirumab-docetaxel led to an increase in 
febrile neutropenia (16% vs 10%). At the 75 mg/m² dose, 
docetaxel was associated with a high rate of neutropenia 
in east Asian patients, but at 60 mg/m², the rate of 

neutropenia was much the same as in non-Asian patients. 
We did not note an increased risk of sepsis by group in 
our study, although the numbers were small. We noted no 
signifi cant increase in thromboembolic events in the 
ramucirumab group, and hypertension was generally 
mild with only 35 (6%) patients experiencing grade 3 or 
worse hypertension. Bleeding events in the ramucirumab 
group were mainly due to grade 1–2 epistaxis.

In a randomised phase 2 study30 of chemotherapy alone 
or in combination with bevacizumab, severe haemoptysis 
was noted in four (31%) of 13 patients with squamous cell 
carcinoma compared with two (4%) of 54 patients with 
adenocarcinoma. Subsequent bevacizumab studies 
excluded squamous cell disease.31 The open-label, 
single-arm phase 2 BRIDGE study32 attempted to reduce 
this risk in patients with squamous cell carcinoma through 
exclusion of patients with central tumours and delayed 
institution of bevacizumab until completion of two cycles 

Panel: Research in context 

Systematic review
We searched PubMed and the abstracts of major oncology congresses: American Society 
of Clinical Oncology (ASCO) Annual Meeting and European Society for Medical Oncology 
(ESMO); European Lung Cancer Conference (ELCC); Annual Meeting International 
Association for the Study of Lung Cancer (IASLC); World Conference Lung Cancer (WCLC); 
American Association for Cancer Research-National Cancer Institute-European 
Organisation for Research and Treatment of Cancer Congress (AACR-EORTC); and 
European Multidisciplinary Cancer Congress. We used MeSH and full-text search terms for 
lung and NSCLC and molecular targeted therapies, limiting our results to English language 
articles published between Jan 1, 2010, and March 25, 2014. For PubMed, we used the 
search terms (“molecular targeted therapy”) OR (“molecular” AND “targeted”) AND 
(“therapy” OR “therapies”) AND (“lung neoplasms” OR “lung cancer”) OR (“lung” AND 
“cancer”) (“non small cell lung neoplasms” OR “non small cell lung cancer”) AND 
(“2010/01/01”:“2014/02/28”). For conferences, the search terms “metastatic lung cancer” 
or “advanced lung cancer” or “recurrent lung cancer” or “resistant lung cancer” were 
manually limited to abstracts on targeted therapies or phase 3 studies. We identifi ed 
several potential targeted agents (either monoclonal antibodies, small-molecule tyrosine-
kinase inhibitors, ALK inhibitors, Hsp90 inhibitors, COX-2 inhibitors, or mTOR inhibitors) 
that are under investigation either along with, or in place of, established treatments, 
including inhibitors of growth factors and their receptors (VEGF, EGFR, IGF, PD-1, PD-L1, 
C-MET), MEK inhibitors, and agents targeting the hedgehog pathway. We used 
information from the abstracts and ClinicalTrials.gov to identify the latest stage of clinical 
developments of these agents in lung cancer. We have restricted our discussion to agents 
we believe are most promising and relevant to patients with advanced non-small-cell 
lung cancer, on the basis of clinical study effi  cacy. 

Interpretation
Various signalling processes including the VEGF pathway are involved in the development 
and progression of non-small-cell lung cancer. Experience with other monoclonal 
antibodies bevacizumab and cetuximab, the ALK inhibitor crizotinib, and the tyrosine 
kinase inhibitors erlotinib and gefi tinib show that these pathways are valid targets for 
therapy. Our study shows that, in patients with advanced non-small-cell lung cancer with 
disease progression during or after fi rst-line platinum-based therapy, ramucirumab plus 
docetaxel can signifi cantly prolong survival compared with docetaxel, providing evidence 
for the role of a VEGFR-targeted therapy and off ering patients with non-squamous and 
squamous recurrent disease a potential option for treatment. 
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of chemotherapy alone; however, the investigators 
ultimately determined that use of bevacizumab in 
squamous cell NSCLC was still investigational. Patients 
with squamous cell carcinoma seemed to derive similar 
benefi t from ramucirumab plus docetaxel in our study 
without an increase in toxicity, particularly respiratory tract 
haemorrhage, when compared with the placebo group and 
non-squamous disease. As a result, ramucirumab-
docetaxel could be an option for previously treated patients 
with squamous cell disease. Because ramucirumab 
specifi cally binds the extracellular domain of VEGFR-2 
rather than the VEGF ligand, the eff ects might be localised 
to abnormal vasculature.33

Several studies of small molecule inhibitors of VEGFRs 
have not led to benefi ts in overall survival outside of 
subset analyses in NSCLC, although many have been 
associated with benefi ts in PFS.34 One study of particular 
relevance is the LUME-Lung 1 study,10 assessing 
nintedanib plus docetaxel. Unlike our study, LUME-Lung 1 
assessed PFS as the primary endpoint. The study did 
meet its primary endpoint, but an overall survival benefi t 
was not noted in the study population. A hierarchical 
statistical analysis showed an overall survival benefi t in 
the adenocarcinoma subpopulation. By contrast with 
these small molecule VEGFR tyrosine kinase inhibitors, 
ramucirumab showed a survival advantage in previously 
treated NSCLC, and bevacizumab has prolonged survival 
as fi rst-line therapy of non-squamous NSCLC. The reason 
for this disparity in effi  cacy between antibodies and small 
molecules is worthy of additional research, as it could 
aff ect design of future studies. We collected blood and 
tumour tissue from patients enrolled on study, and 
analysis of these specimens is ongoing.

Analysis of quality-of-life is important to assess the 
risk-benefi t ratio with any new treatment, especially in 
the second-line setting in which the intent of treatment 
is palliative. In addition to the improvement of clinical 
outcomes, the analysis of quality-of-life suggests that no 
detriment was caused in patient-reported global quality-
of-life through addition of ramucirumab to docetaxel in 
the second-line setting. The manageable safety profi le 
and lack of detrimental eff ect on quality-of-life global 
score supports the consistent benefi ts seen in the 
effi  cacy endpoints.
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