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AbstrAct
Introduction Non- small- cell lung cancer (NSCLC) 
is a heterogeneous disease. Front- line therapy may 
affect responses to subsequent treatment regimens, 
thus influencing second- line therapy decision making. 
In the randomised phase 3 REVEL study, second- line 
ramucirumab plus docetaxel (ram+doc) versus docetaxel 
(doc) improved survival of patients with metastatic NSCLC. 
We explore efficacy, safety and quality- of- life (QoL) in 
REVEL based on front- line therapy.
Methods Patients were grouped by specific front- line 
therapy received. Overall survival (OS), progression- free 
survival (PFS), objective response rate, safety and QoL 
were assessed descriptively. Kaplan- Meier estimation 
and Cox proportional hazards modelling were used; 
frequencies reported in percentages.
Results Baseline characteristics of 1253 patients were 
generally well balanced between treatment arms within 
each front- line therapy subgroup. For patients with non- 
squamous disease (n=912), induction therapies included 
platinum- based chemotherapy plus a taxane (n=227; 
25%) or pemetrexed (n=449; 49%), with (n=172; 19%) or 
without bevacizumab. For patients with squamous disease 
(n=328), induction therapies included platinum- based 
chemotherapy plus gemcitabine (n=176; 54%) or a taxane 
(n=69; 21%). A highly selected subgroup (n=127; 14%) 
received pemetrexed continuation maintenance therapy. 
Ram+doc improved median OS and PFS versus doc across 
front- line therapy subgroups, as reflected by HRs ranging 
from 0.78 to 0.91 and 0.66 to 0.92, respectively, similar to 
results in the overall intention- to- treat cohort (HRs: 0.86 
and 0.76, respectively). High- grade treatment- emergent 
adverse events of special interest (including neutropenia, 
febrile neutropenia, leucopenia and hypertension) were 
generally higher in ram+doc- treated patients relative to 
doc- treated patients regardless of front- line therapy. No 

clear differences in safety or QoL were seen across front- 
line therapy subgroups; outcomes were consistent with 
those reported in the overall intention- to- treat cohort.
Conclusions Results of this exploratory analysis suggest 
that second- line ram+doc may be effective regardless 

Key questions

What is already known about this subject?
 ► Second- line ramucirumab, a vascular endotheli-
al growth factor receptor- targeted antibody, plus 
docetaxel improved efficacy compared with placebo 
plus docetaxel in patients with advanced non- small- 
cell lung cancer (NSCLC) in REVEL, a large phase 
3 trial.

 ► Little is known regarding what role, if any, front- line 
therapy and maintenance therapy have on the effi-
cacy, safety and quality- of- life outcomes of patients 
treated with second- line therapy.

What does this study add?
 ► Overall, second- line ramucirumab plus docetaxel 
appeared clinically beneficial across a wide range 
of patients with non- squamous or squamous meta-
static NSCLC who progressed during or after front- 
line treatment with platinum- based chemotherapy 
in combination with a taxane, pemetrexed, gemcit-
abine or bevacizumab.

How might this impact on clinical practice?
 ► In light of the rapidly evolving treatment landscape 
for advanced NSCLC, this analysis provides addi-
tional data for clinicians on appropriate treatment 
sequencing strategies in this difficult- to- treat 
NSCLC population.

http://www.esmo.org/
http://esmoopen.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/esmoopen-2019-000567&domain=pdf&date_stamp=2020-02-05
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of prior treatment with platinum- based chemotherapy plus a taxane, 
pemetrexed, gemcitabine or bevacizumab. Overall, ram+doc is clinically 
beneficial across a wide range of patients with metastatic NSCLC who 
have progressed after various front- line therapies.
Trial registration number NCT01168973.

InTRoduCTIon
Non- small- cell lung cancer (NSCLC) accounts for nearly 
85% of all lung cancers and includes predominately 
adenocarcinomas, squamous carcinoma and large cell 
carcinoma.1 Unfortunately, nearly 70% of patients with 
NSCLC will present with advanced- stage disease, at 
which time, treatments with curative intent (surgery or 
radiotherapy) are no longer feasible. Depending on the 
country or region, the estimated 5- year survival rate of 
metastatic (stage IV) NSCLC is between 2% and 13%.2

In the first- line setting for stage IV NSCLC lacking targe-
table mutations, standard of care has frequently consisted 
of platinum- based combination chemotherapy including 
a taxane, pemetrexed, gemcitabine or bevacizumab, 
depending on histological subtype.3 A recent therapeutic 
advancement in first- line treatment options is the use of 
an immune- checkpoint inhibitor as a single agent or in 
addition to platinum- based combination chemotherapy. 
Single- agent pembrolizumab has been approved in the 
European Union (EU)4 as a first- line treatment option 
for patients with metastatic NSCLC whose tumours have 
high PD- L1 expression (tumour proportion score (TPS) 
≥50%) based on the results of the phase 3 Study Keynote 
024.5 Results of a subsequent phase 3 study, Study Keynote 
042,6 further demonstrated the efficacy of single- agent 
pembrolizumab versus platinum- based chemotherapy in 
the first- line setting in patients with metastatic NSCLC 
and a PD- L1 TPS ≥1%, and thus lead to the approval of 
first- line pembrolizumab monotherapy in this patient 
population in both Japan7 and the USA.8 Pembrolizumab 
has also been approved in the EU,4 Japan7 and the USA8 
as first- line therapy in combination with pemetrexed and 
platinum chemotherapy for patients with metastatic non- 
squamous NSCLC based on the phase 2 Study Keynote 
021G9 10 and the phase 3 Study Keynote 189,11 and is 
approved in combination with chemotherapy in the EU,4 
Japan7 and the USA,8 for patients with metastatic squa-
mous NSCLC based on the phase 3 Study Keynote 407.12 
Other immuno- oncology and chemotherapy combina-
tions, such as the IMpower 150 regimen, which has been 
approved in the EU13 and USA14 and includes atezoli-
zumab and chemotherapy in combination with bevaci-
zumab, have also demonstrated efficacy in patients with 
metastatic non- squamous NSCLC.15 16

Given the changing treatment landscape and the emer-
gence of immune- checkpoint inhibitors and chemo-
therapy combinations in the first- line setting, docetaxel 
in combination with an antiangiogenic agent may be 
an appropriate second- line treatment option following 
progression on a platinum containing regimen.17 The 
randomised phase 3 REVEL trial (NCT01168973),18 which 
included patients with non- squamous and squamous 

stage IV NSCLC, demonstrated that the addition of 
ramucirumab, an antibody targeted to the vascular endo-
thelial growth factor receptor 2, to docetaxel improved 
survival compared with docetaxel alone (increase of 1.4 
months for overall survival (OS); HR 0.86; 95% CI 0.75 
to 0.98; p=0.023) after disease progression on platinum- 
based chemotherapy. Although the REVEL study was 
not powered for subgroup analysis, most preplanned 
subgroup analyses in the original report showed numer-
ically longer survival in the ramucirumab plus docetaxel 
arm, including patients with squamous and non- 
squamous histology.18 The REVEL trial also demonstrated 
an acceptable safety profile and no detriment to quality of 
life (QoL) as reported by the patients when ramucirumab 
was added to docetaxel.18 19 The results of this study led to 
the approval of ramucirumab plus docetaxel for second- 
line treatment of patients with metastatic NSCLC in the 
EU20 and USA,21 and this combination was also approved 
in Japan based on both the REVEL study18 and a phase 2 
study22 with a similar study design conducted in Japanese 
patients. In addition, nintedanib, a triple angiokinase 
inhibitor, in combination with docetaxel was approved 
in the EU only for patients with advanced non- squamous 
NSCLC.23

In general, additional data are needed to assess the 
potential effects of prior treatments on subsequent 
second- line therapy considering the use of different 
chemotherapy regimens in the first line. Little is known 
regarding what role, if any, front- line therapy and main-
tenance therapy have on the efficacy, safety and QoL 
outcomes of patients treated with second- line therapy. 
Here, we present results of a retrospective, exploratory 
analysis of the data from the REVEL trial investigating 
the potential impact of prior chemotherapy (a taxane, 
gemcitabine or pemetrexed as part of platinum- based 
front- line therapy) on efficacy, safety and QoL. Additional 
efficacy, safety and QoL data are presented for a subset of 
patients who received pemetrexed induction, followed by 
pemetrexed maintenance therapy and for those whose 
front- line therapy included bevacizumab.

MaTeRIals and MeTHods
study design and patients
The REVEL study design has been previously reported.18 
Briefly, REVEL was a randomised, double- blind, placebo- 
controlled phase 3 trial evaluating the clinical bene-
fits of ramucirumab in combination with docetaxel for 
adult patients (aged 18 years or older) with pathologi-
cally confirmed stage IV NSCLC that had progressed on 
or after a platinum- containing chemotherapy, with or 
without bevacizumab or maintenance therapy. Patients 
were randomised 1:1 to receive intravenous docetaxel 
75 mg/m2 plus intravenous ramucirumab 10 mg/kg or 
placebo on day 1 of a 21 day cycle. Patients received treat-
ment until disease progression or unacceptable toxicity. 
Those who discontinued combination therapy because of 
adverse events related to ramucirumab or docetaxel were 

NCT01168973
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allowed to continue monotherapy with either agent until 
disease progression or unacceptable toxicity.

study assessments and clinical endpoints
Tumour response was assessed by investigators according 
to Response Evaluation Criteria in Solid Tumors V.1.1 at 
baseline and every 6 weeks (±3 business days) thereafter 
until radiographic documentation of disease progres-
sion. Adverse events were coded according to the Medical 
Dictionary for Regulatory Activities, V.16.1, and graded 
with the National Cancer Institute Common Terminology 
Criteria for Adverse Events, V.4.0. Patient- reported 
outcomes were assessed with the Lung Cancer Symptom 
Scale (LCSS) questionnaire.

The primary endpoint was OS, defined as the time 
from randomisation to death from any cause. Secondary 
endpoints included progression- free survival (PFS), 
defined as the time from randomisation until progres-
sion or death from any cause, and objective response rate 
(ORR), defined as the proportion of patients with a best 
overall response of complete or partial response.

statistical analyses
The statistical analysis plan for the REVEL intention- to- 
treat (ITT) population has been previously reported.18 In 
this post hoc analysis of front- line therapies administered 
prior to enrolment in REVEL, patients were grouped 
according to the specific agent received as part of the 
first- line regimen (a taxane, pemetrexed (with or without 
pemetrexed continuation maintenance), gemcitabine 
or bevacizumab). For each first- line therapy subgroup, 
a corresponding subgroup that did not receive prior 
treatment with the specified agent was also generated. 
Endpoints evaluated were OS, PFS, ORR, safety and 
patient- reported QoL outcomes. For efficacy analysis, OS 
and PFS were estimated using the Kaplan- Meier method 
and a Cox proportional hazards model with treatment as 
the only variable. Summaries for baseline characteristics, 
ORR and treatment- emergent adverse events (TEAEs) 
were given in percentages. A TEAE is defined as any unto-
ward medical occurrence that either occurs or worsens 
at any time after treatment baseline and which does not 
necessarily have to have a causal relationship with study 
treatment. The primary QoL analysis was time to deteri-
oration using a prespecified ≥15 mm increase from base-
line of the LCSS and was evaluated using the Cox propor-
tional hazards model, stratified by Eastern Cooperative 
Oncology Group performance status, sex, country group 
and prior maintenance therapy. Total LCSS and average 
symptom burden index were calculated as described.19 
Analyses were carried out using SAS V.9.1.2 or higher.

ResulTs
Patients and demographics
The ITT population of REVEL (n=1253) consisted of 912 
(73%) patients with non- squamous, 328 (26%) patients 
with squamous and 13 (1%) patients with unknown 
histology.18 Of the 912 patients with non- squamous 

NSCLC randomised in REVEL, 908 patients received 
prior first- line therapy and were included in the current 
exploratory analysis. All patients with squamous histology 
were included, while the 13 patients with unknown 
histology were excluded from analysis.

In the ITT population of REVEL, patient demo-
graphics, baseline disease characteristics and prior thera-
pies were generally balanced between treatment arms and 
were consistent with the overall population of patients 
with advanced NSCLC enrolled in other clinical trials.18 
Almost all patients in REVEL (99.4%) had received prior 
platinum- based chemotherapy (eight patients did not 
receive prior platinum- based chemotherapy), 22% had 
received prior maintenance therapy, 24% had received 
a prior taxane (paclitaxel only) and 14% had received 
prior bevacizumab as first- line treatment.

In the current analysis, modest differences in some 
baseline characteristics between prior therapy subgroups 
(irrespective of treatment arm) were observed (table 1 
and online supplementary table S1). For example, 
compared with the other prior therapy subgroups, a 
slightly higher proportion of patients who received prior 
treatment with gemcitabine were male. However, base-
line demographics and clinical characteristics were well 
balanced between treatment arms within prior therapy 
subgroups. Among REVEL patients who had received a 
taxane, pemetrexed or gemcitabine in platinum- based 
front- line therapy (table 1), the median ages ranged 
from 60 to 64 years with 53%–71% of patients ages 18 
to ˂65 years. Additionally, 65% of these patients were 
male, predominately white, and 52%–70% had less than 
9 months since prior therapy before enrolling in REVEL 
(table 1). Similar baseline characteristics were observed 
in patients who received bevacizumab as part of front- line 
therapy (see online supplementary table S1).

For patients with non- squamous disease, the most 
frequent induction therapies were platinum based 
that included a taxane (n=227; 25%) or pemetrexed 
(n=449; 49%), with (n=172; 19%) or without beva-
cizumab (see online supplementary table S2). For 
patients with squamous disease, the most frequent 
induction therapies included gemcitabine (n=176; 
54%) or a taxane (n=69; 21%) (see online supplemen-
tary table S2). The frequency of patients who received 
poststudy therapy and the type of poststudy therapy 
received were also reasonably balanced (see online 
supplementary table S3).

efficacy in ReVel by front-line therapy
Taxane
Approximately 24% of patients in REVEL received 
front- line taxane chemotherapy (n=227 for non- 
squamous and n=69 for squamous) (table 2 and 
online supplementary table S2). For taxane- treated 
patients, numerically longer medians for OS (10.8 vs 
10.4 months; HR 0.85; 95% CI 0.64 to 1.13) and PFS 
(4.4 vs 3.6 months; HR 0.92; 95% CI 0.72 to 1.19) and 
a higher ORR (18% vs 13%) were observed in the 

https://dx.doi.org/10.1136/esmoopen-2019-000567
https://dx.doi.org/10.1136/esmoopen-2019-000567
https://dx.doi.org/10.1136/esmoopen-2019-000567
https://dx.doi.org/10.1136/esmoopen-2019-000567
https://dx.doi.org/10.1136/esmoopen-2019-000567
https://dx.doi.org/10.1136/esmoopen-2019-000567
https://dx.doi.org/10.1136/esmoopen-2019-000567
https://dx.doi.org/10.1136/esmoopen-2019-000567
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Figure 1 Overall survival of REVEL patients by prior therapy received. Kaplan- Meier survival curves of patients treated with 
ramucirumab plus docetaxel or placebo plus docetaxel by front- line therapy that included (A) a taxane versus no taxane, (B) 
pemetrexed induction versus no pemetrexed induction, (C) pemetrexed induction followed by pemetrexed maintenance, (D) 
gemcitabine versus no gemcitabine and (E) bevacizumab versus no bevacizumab.

Table 2 Efficacy endpoints in the overall trial population and in selected prior therapy subgroups in REVEL

Prior therapy subgroup
(population)

N OS (months) PFS (months) ORR (%)

Ram Pl Ram Pl HR* (95% CI) Ram Pl HR* (95% CI) Ram Pl

REVEL (ITT) 628 625 10.5 9.1 0.86 (0.75 to 0.98) 4.5 3.0 0.76 (0.68 to 0.86) 23 14

Taxane (ITT)

  Yes 153 149 10.8 10.4 0.85 (0.64 to 1.13) 4.4 3.6 0.92 (0.72 to 1.19) 18 13

  No 475 476 10.3 9.0 0.87 (0.75 to 1.01) 4.5 2.9 0.73 (0.63 to 0.83) 24 14

Pemetrexed (non- squamous)

  Yes 220 229 11.8 9.0 0.78 (0.62 to 0.98) 5.1 3.7 0.69 (0.56 to 0.85) 20 15

  Front- line+maintenance†‡ 64 63 16.3 11.4 0.80 (0.48 to 1.33) 5.8 3.9 0.66 (0.43 to 1.01) 23 14

  No 242 217 11.0 9.9 0.86 (0.68 to 1.07) 4.5 3.5 0.77 (0.63 to 0.94) 24 14

Gemcitabine (squamous)

  Yes 89 87 10.2 7.4 0.91 (0.64 to 1.29) 4.2 2.8 0.73 (0.51 to 1.04) 24 13

  No 68 84 9.3 8.5 0.87 (0.59 to 1.27) 4.2 2.7 0.75 (0.52 to 1.06) 31 8

Bevacizumab (non- squamous)

  Yes 85 86 11.1 7.7 0.78 (0.53 to 1.15) 4.5 2.8 0.70 (0.49 to 0.98) 12 14

  No 380 361 11.1 9.9 0.84 (0.70 to 1.00) 4.7 3.9 0.74 (0.63 to 0.86) 24 15

*Stratified HR.
†Patients received front- line pemetrexed, followed by pemetrexed maintenance therapy.
‡OS from start of pemetrexed induction was 24.9 months (range: 17.7–32.9) for the Ram arm versus 17.5 months (range: 13.8–25.6) for the Pl 
arm.
ITT, intention- to- treat; N, number of patients; ORR, objective response rate; OS, overall survival; PFS, progression- free survival; Pl, placebo 
plus docetaxel arm; Ram, ramucirumab plus docetaxel arm.

ramucirumab plus docetaxel arm compared with the 
placebo plus docetaxel arm (figures 1A and 2A and 
table 2). Similarly, patients who had not previously 
received a taxane experienced numerically longer 
medians for OS (10.3 vs 9.0 months; HR 0.87; 95% CI 
0.75 to 1.01) and PFS (4.5 vs 2.9 months; HR 0.73; 
95% CI 0.63 to 0.83) and a higher ORR (24% vs 14%) 
in the ramucirumab plus docetaxel arm than in the 

placebo plus docetaxel arm (figures 1A and 2A and 
table 2).

Pemetrexed
Of the 449 patients with non- squamous carcinoma who 
received prior pemetrexed- based induction chemo-
therapy, 220 (49%) were randomised to the ramucirumab 
plus docetaxel arm and 229 (51%) to the placebo plus 
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Figure 2 Progression- free survival of REVEL patients by prior therapy received. Kaplan- Meier survival curves of patients 
treated with ramucirumab plus docetaxel or placebo plus docetaxel by front- line therapy that included (A) a taxane versus 
no taxane, (B) pemetrexed induction versus no pemetrexed induction, (C) pemetrexed induction followed by pemetrexed 
maintenance, (D) gemcitabine versus no gemcitabine and (E) bevacizumab versus no bevacizumab.

docetaxel arm (table 1). Ramucirumab plus docetaxel 
treatment of patients with prior pemetrexed resulted 
in longer medians for OS (11.8 vs 9.0 months; HR 0.78; 
95% CI 0.62 to 0.98) and PFS (5.1 vs 3.7 months; HR 
0.69; 95% CI 0.56 to 0.85) and a higher ORR (20% vs 
15%) as compared with placebo plus docetaxel treatment 
(figures 1B and 2B and table 2). In patients who had not 
previously received pemetrexed, patients treated with 
ramucirumab plus docetaxel also had longer medians for 
OS (11.0 vs 9.9 months; HR 0.86; 95% CI 0.68 to 1.07) and 
PFS (4.5 vs 3.5 months; HR 0.77; 95% CI 0.63 to 0.94) and 
a higher ORR (24% vs 14%) than patients treated with 
placebo plus docetaxel (figures 1B and 2B and table 2).

Pemetrexed induction followed by pemetrexed maintenance
The rate of prior maintenance therapy was higher in 
patients treated with pemetrexed (n=170; 38%) than 
in those who had not received pemetrexed as part of 
front- line therapy (n=63; 14%) (table 1). In the highly 
selected subgroup of patients who did not progress on 
pemetrexed induction therapy and subsequently received 
pemetrexed maintenance therapy (n=127; 14% of non- 
squamous patients), median OS was 16.3 months in the 
ramucirumab plus docetaxel arm (n=64) compared with 
11.4 months in the placebo plus docetaxel arm (n=63) 
(HR 0.80; 95% CI 0.48 to 1.33), with median PFS (5.8 vs 
3.9 months; HR 0.66; 95% CI 0.43 to 1.01) and ORR 
(23% vs 14%) showing similar trends (figures 1C and 2C 
and table 2).

Gemcitabine
In patients with squamous carcinoma who received front- 
line gemcitabine (n=176; 54%) (see online supplemen-
tary table S2), those treated with ramucirumab in combi-
nation with docetaxel (n=89) had longer medians for OS 
(10.2 vs 7.4 months; HR 0.91; 95% CI 0.64 to 1.29) and 

PFS (4.2 vs 2.8 months; HR 0.73; 95% CI 0.51 to 1.04) and 
a higher ORR (24% vs 13%) compared with those who 
received placebo plus docetaxel (n=87) (figures 1D and 
2D and table 2). Likewise, patients who had not received 
prior gemcitabine had longer medians for OS (9.3 vs 8.5 
months; HR 0.87; 95% CI 0.59 to 1.27) and PFS (4.2 vs 2.7; 
HR 0.75; 95% CI 0.52 to 1.06) and a higher ORR (31% vs 
8%) in the ramucirumab plus docetaxel arm than in 
the placebo plus docetaxel arm (figures 1D and 2D and 
table 2).

Bevacizumab
A total of 19% (n=171) of non- squamous patients in REVEL 
received prior treatment with bevacizumab as part of front- 
line therapy (table 2 and online supplementary table S2). 
Prior bevacizumab- treated patients in the ramucirumab 
plus docetaxel arm (n=85) compared with those in the 
placebo plus docetaxel arm (n=86) had longer medians 
for OS (11.1 vs 7.7 months; HR 0.78; 95% CI 0.53 to 1.15) 
and PFS (4.5 vs 2.8 months; HR 0.70; 95% CI 0.49 to 0.98) 
but a numerically lower ORR (12% vs 14%) (figures 1E 
and 2E and table 2). In patients who had not previously 
received bevacizumab, patients treated with ramucirumab 
plus docetaxel had longer medians for OS (11.1 vs 9.9 
months; HR 0.84; 95% CI 0.70 to 1.00) and PFS (4.7 vs 3.9 
months; HR 0.74; 95% CI 0.63 to 0.86) and a higher ORR 
(24% vs 15%) than similar patients who received placebo 
plus docetaxel (figures 1E and 2E and table 2). Although 
the ORR in patients who had received prior bevacizumab 
was numerically lower in the ramucirumab plus docetaxel 
arm compared with the placebo plus docetaxel arm, the 
addition of ramucirumab to docetaxel generally improved 
efficacy relative to placebo plus docetaxel with respect to 
OS and PFS, regardless of whether or not patients received 
prior bevacizumab treatment.

https://dx.doi.org/10.1136/esmoopen-2019-000567
https://dx.doi.org/10.1136/esmoopen-2019-000567
https://dx.doi.org/10.1136/esmoopen-2019-000567
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safety in ReVel by frontline therapy
A safety overview for prior therapy subgroups is shown in 
table 3 and online supplementary table S4. The incidence 
of TEAEs and of serious TEAEs was similar between the 
ramucirumab plus docetaxel and placebo plus docetaxel 
treatment arms, irrespective of front- line therapy. In 
general, the incidence of grade ≥3 TEAEs was slightly 
higher in the ramucirumab plus docetaxel arm than in 
the placebo plus docetaxel arm for most prior therapy 
subgroups. The dose adjustments of any study drug due 
to TEAEs were also higher in the ramucirumab plus 
docetaxel arm for each subgroup. Although numbers 
were small, the incidence of TEAEs leading to discontinu-
ation of any REVEL study drug was consistently higher in 
the ramucirumab plus docetaxel arm compared with the 
placebo plus docetaxel arm, regardless of type of prior 
therapy. The TEAEs that resulted in death were relatively 
few across prior therapy subgroups. To further explore 
safety, TEAEs of special interest were defined based on 
the known safety profiles and prior clinical experience 
with ramucirumab or docetaxel. Consistent with the 
ITT population of REVEL, events of grade ≥3 hyperten-
sion, neutropenia, febrile neutropenia and leucopenia 
(in squamous histology only) were each reported more 
frequently in the ramucirumab plus docetaxel arm than 
in the placebo plus docetaxel arm in all prior therapy 
subgroups.

Qol in ReVel by front-line therapy
The LCSS completion rate was 75%. Overall, no apparent 
differences were observed for time to deterioration of 
LCSS items between the ramucirumab plus docetaxel 
and placebo plus docetaxel arms, as indicated by HRs 
and 95% CIs (including 1.0) in the patients treated with 
and without a prior taxane, pemetrexed, gemcitabine or 
bevacizumab, or in the patients who received or did not 
receive pemetrexed continuation maintenance therapy 
(see online supplementary figure S1A–E).

dIsCussIon
In the ITT population of REVEL, which included patients 
with non- squamous and squamous histology, ramu-
cirumab plus docetaxel had statistically significant and 
clinically meaningful OS, PFS and ORR benefits rela-
tive to the control arm.18 The changing landscape in the 
treatment of metastatic NSCLC and the emergence of 
immuno- oncology and chemotherapy combinations in 
the first- line setting8 11 12 14–16 have renewed an interest 
in the combination of ramucirumab and docetaxel as a 
treatment option in the postplatinum setting. The current 
exploratory analysis, in which baseline characteristics 
were generally balanced between treatment arms within 
prior therapy subgroups, indicated that ramucirumab 
plus docetaxel improved median OS and median PFS 
compared with placebo plus docetaxel regardless of the 
type of first- line treatment given, as reflected by HRs 
ranging from 0.78 to 0.91 and 0.66 to 0.92, respectively, 

similar to median OS and median PFS in the overall ITT 
cohort (HRs 0.86 and 0.76, respectively).18 Prior induc-
tion therapy choice also did not have an apparent impact 
on ORR observed in patients treated with ramucirumab 
plus docetaxel relative to patients treated with placebo 
plus docetaxel. It should be noted that these subgroup 
analyses were not prespecified and were unadjusted for 
multiple comparisons. Thus, uncertainty exists in the 
data such that results are primarily useful for generating 
hypotheses.

Given the use of a taxane in the first- line setting, whether 
it is appropriate to use docetaxel following a taxane- 
containing regimen is a clinically relevant question. It is 
of specific interest that for patients treated with a prior 
taxane, numerically longer median OS was observed in 
the ramucirumab plus docetaxel arm compared with the 
placebo plus docetaxel arm, with a similar HR observed 
in patients who did not receive prior treatment with a 
taxane. These results suggest that the clinical benefits of 
the addition of ramucirumab to docetaxel are not dimin-
ished by prior treatment with a taxane in the first- line 
setting.

Although treatment- free intervals are suggested to be 
important factors when assessing treatment options for 
advanced lung cancer,24 the current findings indicate a 
ramucirumab- associated survival benefit for patients with 
good performance status who progressed on pemetrexed 
maintenance following pemetrexed induction therapy. 
While not directly comparable to the REVEL study due 
to mixed patient characteristics, in a recent real- world 
evidence study, median OS from the beginning of first- 
line chemotherapy was 21.6 months for patients who 
received maintenance and second- line, single- agent 
therapy (pemetrexed, docetaxel or erlotinib).25 In the 
subgroup of patients reported herein who did not prog-
ress on pemetrexed induction therapy and received 
pemetrexed maintenance (n=64), treatment with ramu-
cirumab plus docetaxel was associated with a median OS 
of over 16 months from the start of second- line therapy 
and over 2 years from the start of pemetrexed- based 
induction therapy (table 2, footnote). Based on this 
finding, one could hypothesise that, like patients with 
better performance status, perhaps patients in this highly 
selected subgroup may be able to receive pemetrexed as 
part of induction/maintenance treatment, followed by 
subsequent treatment with ramucirumab in combination 
with docetaxel.

Given the utilisation of bevacizumab treatment in the first- 
line setting, whether it is appropriate to use ramucirumab 
following a bevacizumab- containing regimen is another 
clinically relevant question. Notably, for patients who had 
prior treatment with bevacizumab, ORR was numerically 
lower for patients in the ramucirumab plus docetaxel arm 
compared with the placebo plus docetaxel arm. However, 
in assessing the totality of the data for OS, PFS and ORR, 
ramucirumab plus docetaxel generally improved efficacy 
relative to placebo plus docetaxel, regardless of whether 
or not patients received prior treatment with bevacizumab. 

https://dx.doi.org/10.1136/esmoopen-2019-000567
https://dx.doi.org/10.1136/esmoopen-2019-000567


Open access

8 Garon EB, et al. ESMO Open 2020;5:e000567. doi:10.1136/esmoopen-2019-000567

Ta
b

le
 3

 
S

el
ec

te
d

 t
re

at
m

en
t-

 em
er

ge
nt

 a
d

ve
rs

e 
ev

en
ts

 b
y 

m
ai

n 
p

rio
r 

th
er

ap
y 

su
b

gr
ou

p
s 

in
 R

E
V

E
L

Ta
xa

ne
*

P
em

et
re

xe
d

†
G

em
ci

ta
b

in
e‡

Ye
s

N
o

Ye
s

N
o

Ye
s

N
o

R
am

(n
=

15
4)

P
l

(n
=

14
7)

R
am

(n
=

47
3)

P
l

(n
=

47
1)

R
am

(n
=

22
0)

P
l

(n
=

22
5)

R
am

(n
=

24
5)

P
l

(n
=

21
6)

R
am

(n
=

89
)

P
l

(n
=

86
)

R
am

(n
=

68
)

P
l

(n
=

84
)

TE
A

E
 o

ve
rv

ie
w

 
 A

ny
 g

ra
d

e
15

0 
(9

7)
14

3 
(9

7)
46

3 
(9

8)
45

1 
(9

6)
21

9 
(9

9)
22

1 
(9

8)
23

8 
(9

7)
20

4 
(9

4)
87

 (9
8)

83
 (9

6)
64

 (9
4)

79
 (9

4)

 
 G

ra
d

e 
≥3

12
7 

(8
2)

10
8 

(7
3)

36
8 

(7
8)

33
6 

(7
1)

17
4 

(7
9)

15
9 

(7
1)

19
2 

(7
8)

15
1 

(7
0)

68
 (7

6)
64

 (7
4)

56
 (8

2)
63

 (7
5)

 
 S

er
io

us
66

 (4
3)

66
 (4

5)
20

3 
(4

3)
19

6 
(4

2)
91

 (4
1)

93
 (4

1)
10

2 
(4

2)
86

 (4
0)

39
 (4

4)
43

 (5
0)

34
 (5

0)
36

 (4
3)

 
 Le

ad
in

g 
to

 d
is

co
nt

in
ua

tio
n 

of
 a

ny
 s

tu
d

y 
d

ru
g

9 
(6

)
7 

(5
)

49
 (1

0)
25

 (5
)

30
 (1

4)
19

 (8
)

14
 (6

)
5 

(2
)

8 
(9

)
1 

(1
)

6 
(9

)
5 

(6
)

 
 Le

ad
in

g 
to

 d
os

e 
ad

ju
st

m
en

t 
of

 a
ny

 s
tu

d
y 

d
ru

g
64

 (4
2)

56
 (3

8)
23

5 
(5

0)
16

9 
(3

6)
11

7 
(5

3)
84

 (3
7)

10
8 

(4
4)

83
 (3

8)
44

 (4
9)

29
 (3

4)
29

 (4
3)

25
 (3

0)

 
 W

ith
 o

ut
co

m
e 

of
 d

ea
th

11
 (7

)
13

 (9
)

23
 (5

)
22

 (5
)

6 
(3

)
9 

(4
)

12
 (5

)
16

 (7
)

6 
(7

)
4 

(5
)

10
 (1

5)
5 

(6
)

TE
A

E
 ≥

G
3 

of
 S

I

 
 B

le
ed

in
g/

ha
em

or
rh

ag
e§

4 
(3

)
4 

(3
)

11
 (2

)
10

 (2
)

3 
(1

)
3 

(1
)

8 
(3

)
5 

(2
)

1 
(1

)
2 

(2
)

3 
(4

)
3 

(4
)

 
 E

p
is

ta
xi

s
0

1 
(<

1)
2 

(<
1)

0
0

0
2 

(<
1)

0
0

0
0

0

 
 G

I h
ae

m
or

rh
ag

e§
1 

(<
1)

1 
(<

1)
3 

(<
1)

1 
(<

1)
1 

(<
1)

0
2 

(<
1)

1 
(<

1)
0

0
1 

(1
)

1 
(1

)

 
 P

ul
m

on
ar

y 
ha

em
or

rh
ag

e§
2 

(1
)

1 
(<

1)
6 

(1
)

7 
(1

)
2 

(<
1)

1 
(<

1)
3 

(1
)

3 
(1

)
1 

(1
)

2 
(2

)
2 

(3
)

2 
(2

)

 
 H

ae
m

op
ty

si
s

1 
(<

1)
0

3 
(<

1)
4 

(<
1)

1 
(<

1)
1 

(<
1)

2 
(<

1)
1 

(<
1)

1 
(1

)
1 

(1
)

0
1 

(1
)

 
 H

yp
er

te
ns

io
n§

9 
(6

)
5 

(3
)

26
 (5

)
8 

(2
)

17
 (8

)
5 

(2
)

10
 (4

)
8 

(4
)

4 
(4

)
0

4 
(6

)
0

 
 In

fu
si

on
- r

el
at

ed
 r

ea
ct

io
n§

1 
(<

1)
0

4 
(<

1)
4 

(<
1)

2 
(<

1)
2 

(<
1)

2 
(<

1)
1 

(<
1)

0
0

1 
(1

)
1 

(1
)

 
 P

ro
te

in
ur

ia
1 

(<
1)

0
0

0
0

0
1 

(<
1)

0
0

0
0

0

 
 Ve

no
us

 t
hr

om
b

oe
m

b
ol

ic
§

2 
(1

)
4 

(3
)

9 
(2

)
14

 (3
)

3 
(1

)
11

 (5
)

4 
(2

)
4 

(2
)

1 
(1

)
1 

(1
)

3 
(4

)
2 

(2
)

 
 R

en
al

 fa
ilu

re
§

1 
(<

1)
0

2 
(<

1)
2 

(<
1)

0
1 

(<
1)

2 
(<

1)
0

0
1 

(1
)

1 
(1

)
0

 
 A

rt
er

ia
l t

hr
om

b
oe

m
b

ol
ic

§
2 

(1
)

1 
(<

1)
4 

(<
1)

7 
(1

)
0

5 
(2

)
3 

(1
)

2 
(<

1)
1 

(1
)

0
2 

(3
)

0

H
ae

m
at

ol
og

ic
al

 T
E

A
E

 ≥
G

3

 
 N

eu
tr

op
en

ia
§

79
 (5

1)
59

 (4
0)

22
7 

(4
8)

18
7 

(4
0)

11
0 

(5
0)

90
 (4

0)
11

4 
(4

6)
81

 (3
7)

41
 (4

6)
31

 (3
6)

37
 (5

4)
39

 (4
6)

 
 Le

uc
op

en
ia

§
18

 (1
2)

11
 (7

)
68

 (1
4)

66
 (1

4)
25

 (1
1)

29
 (1

3)
31

 (1
3)

23
 (1

1)
15

 (1
7)

10
 (1

2)
14

 (2
1)

13
 (1

5)

 
 A

na
em

ia
§

7 
(4

)
7 

(5
)

11
 (2

)
28

 (6
)

4 
(2

)
14

 (6
)

10
 (4

)
11

 (5
)

2 
(2

)
7 

(8
)

2 
(3

)
2 

(2
)

 
 Fe

b
ril

e 
ne

ut
ro

p
en

ia
21

 (1
4)

19
 (1

3)
79

 (1
7)

43
 (9

)
37

 (1
7)

20
 (9

)
38

 (1
5)

22
 (1

0)
15

 (1
7)

13
 (1

5)
10

 (1
5)

7 
(8

)

 
 Th

ro
m

b
oc

yt
op

en
ia

§
3 

(2
)

2 
(1

)
15

 (3
)

2 
(<

1)
4 

(2
)

1 
(<

1)
8 

(3
)

2 
(<

1)
4 

(4
)

0
2 

(3
)

1 
(1

)

Th
is

 t
ab

le
 s

ho
w

s 
se

le
ct

ed
 T

E
A

E
s 

re
p

or
te

d
 ir

re
sp

ec
tiv

e 
of

 c
au

se
 a

nd
 a

cc
or

d
in

g 
to

 e
ith

er
 p

re
fe

rr
ed

 t
er

m
 o

r 
co

ns
ol

id
at

ed
 c

at
eg

or
y.

 D
at

a 
ar

e 
p

re
se

nt
ed

 a
s 

n 
(%

).
*I

nt
en

tio
n-

 to
- t

re
at

 p
op

ul
at

io
n.

†N
on

- s
q

ua
m

ou
s 

p
op

ul
at

io
n.

‡S
q

ua
m

ou
s 

p
op

ul
at

io
n.

§C
on

so
lid

at
ed

 c
at

eg
or

y.
G

, g
ra

d
e;

 G
I, 

ga
st

ro
in

te
st

in
al

; P
l, 

p
la

ce
b

o 
p

lu
s 

d
oc

et
ax

el
 a

rm
; R

am
, r

am
uc

iru
m

ab
 p

lu
s 

d
oc

et
ax

el
 a

rm
; S

I, 
sp

ec
ia

l i
nt

er
es

t;
 T

E
A

E
, t

re
at

m
en

t-
 em

er
ge

nt
 a

d
ve

rs
e 

ev
en

t.



Open access

9Garon EB, et al. ESMO Open 2020;5:e000567. doi:10.1136/esmoopen-2019-000567 Garon EB, et al. ESMO Open 2020;5:e000567. doi:10.1136/esmoopen-2019-000567

Although limitations of the small sample size should be 
taken into consideration, these results suggest that the clin-
ical benefits of the addition of ramucirumab to docetaxel 
are not diminished by prior treatment with bevacizumab in 
the first- line setting.

As the main goal of therapy for patients with advanced 
NSCLC is prolongation of patient survival without experi-
encing intolerable side effects or having a negative impact 
on QoL,26 the choice of lung cancer therapy also considers, 
in part, whether or not a treatment reduces symptoms and/
or improves or maintains QoL.27 28 Importantly, the clinical 
benefit of ramucirumab plus docetaxel in REVEL was not 
at significant expense of safety or QoL.18 19 Rates of TEAEs 
and of common grade 3 or worse TEAEs of special interest 
(including neutropenia, febrile neutropenia, leucopenia 
and hypertension) were generally higher in ramucirumab 
plus docetaxel- treated patients relative to the placebo plus 
docetaxel- treated patients, regardless of prior therapy. 
Despite the greater frequency of higher- grade adverse 
events in the ramucirumab plus docetaxel arm and the 
relatively low LCSS completion rate, which was similar 
between treatment arms, the addition of ramucirumab to 
docetaxel was not a detriment to patient- reported QoL 
when compared with the placebo plus docetaxel arm.18 19 
The QoL results in this exploratory subgroup analysis are 
consistent with results in the ITT population, suggesting 
prior therapy does not have an impact on QoL at the time 
of subsequent therapy.

The analyses presented here provide additional clinical 
data to inform the use of ramucirumab plus docetaxel as 
a second- line treatment option following chemotherapy 
regimens including a taxane, pemetrexed, gemcitabine or 
bevacizumab. In contrast to other antiangiogenic agents 
such as bevacizumab29 or nintedanib23 that are active 
only in non- squamous metastatic NSCLC, ramucirumab 
is approved for use in both non- squamous and squamous 
metastatic NSCLC.18 21 Previous exploratory subgroup 
analyses of the REVEL study have also demonstrated that 
efficacy and safety outcomes were consistent between the 
ITT population and patients who were refractory to front- 
line therapy,30 as well as patients who had rapid disease 
progression within 12 weeks of starting initial platinum- 
based therapy.31 These results indicate that ramucirumab 
added to docetaxel could provide a clinical benefit even 
in these hard to treat patient populations. The efficacy, 
safety and QoL data from the additional subgroup analyses 
presented here provide further evidence that ramucirumab 
plus docetaxel is clinically beneficial across a wide range of 
patients in the second- line postplatinum setting, including 
patients who continue to have good performance status but 
who have progressed on the front- line therapies evaluated 
herein.

As immuno- oncology and chemotherapy combinations, 
which have recently emerged as treatment options in the first- 
line setting,7 11 12 15 16 were not available as treatment options 
when the REVEL study was conducted, there are currently 
no available efficacy and safety data for ramucirumab plus 
docetaxel following treatment with both immunotherapy 

and chemotherapy in the first line. However, based on what 
is known regarding mechanism of action, the efficacy and 
safety profile for ramucirumab plus docetaxel following 
both immunotherapy and chemotherapy in the first line is 
expected to be consistent with what was observed in REVEL. 
There are ongoing efforts to use real- world evidence to 
evaluate outcomes for ramucirumab plus docetaxel in the 
postimmunotherapy setting,32 33 and additional studies are 
needed to specifically evaluate outcomes for ramucirumab 
plus docetaxel following immuno- oncology and chemo-
therapy combinations in the first line.

In summary, the results of this exploratory analysis suggest 
that second- line ramucirumab plus docetaxel therapy may 
be effective regardless of type of front- line therapy. Although 
we do not have data on patients treated with chemotherapy 
plus an immune- checkpoint inhibitor as frontline therapy, 
in that clinical scenario, subsequent treatment with ramu-
cirumab plus docetaxel could be considered.

Conclusion
The overall findings from these analyses suggest that the 
combination of ramucirumab and docetaxel may be effec-
tive regardless of the type of front- line therapy received. For 
patients who have received prior treatment with a taxane, 
pemetrexed, gemcitabine or bevacizumab as part of their 
first- line treatment regimen, ramucirumab in combination 
with docetaxel may be considered as a subsequent second- 
line treatment option. Given that the current work from 
REVEL was a retrospective, exploratory analysis, the results 
should be viewed with caution and robust prospective 
studies are warranted.
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