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Abstract: Lung cancer is the leading cause of cancer-related mortality worldwide. Non-

small-cell lung cancer (NSCLC) accounts for about 85% of all lung cancer cases and

approximately 70% of patients with NSCLC have locally advanced or metastatic disease at

presentation. In NSCLC patients with advanced or metastatic disease, second line treatment

with chemotherapy is associated with a poor response rate. In this article, we have reviewed

the role of ramucirumab in patients with NSCLC. Ramucirumab is not current standard of

care in the first line setting in the treatment of advanced or metastatic NSCLC, based on

phase II data which did not show any progression-free survival (PFS) and overall survival

(OS) benefit when ramucirumab was compared with non-ramucirumab arm. The REVEL

study was a phase III, placebo-controlled trial which included patients with stage IV NSCLC

who had progressed during or after platinum-based chemotherapy, with or without bevaci-

zumab. Median OS was 9.1 months vs 10.5 months (HR 0.86, 95% CI 0.75–0.98) in the

placebo and ramucirumab group respectively. Seventy-nine percent of patients in ramucir-

umab arm and 71% of patients in non-ramucirumab arm had grade ≥3 treatment-related

adverse events. The addition of ramucirumab to docetaxel can be considered in younger

patients with good performance status as a second line treatment option. Additionally,

combined blockage of the VEGFR and EGFR pathway has been utilized to overcome

resistance to EGFR therapy. The RELAY trial was a phase III, placebo-controlled trial

which included patients with sensitizing EGFR mutation positive stage IV NSCLC.

Patients were randomized to either ramucirumab plus erlotinib or erlotinib. The trial showed

that the combination therapy showed superior PFS benefit.
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Background
Lung cancer is the leading cause of cancer incidence and cancer-related mortality

worldwide.1 It remains a highly fatal disease with an average 5-year survival, at best, of

15% in the US.1 Non-small-cell lung cancer (NSCLC) accounts for about 85% of all

lung cancer cases and approximately 70% of patients with NSCLC have locally

advanced or metastatic disease at presentation.2,3 For patients with locally advanced

ormetastatic disease and an actionable driver mutation (EGFR, ALK, ROS1, BRAF, and

NTRK), targeted therapy is the current standard of care.4 However, a significant number

of patients lack actionable mutation. Chemotherapy in the form of platinum doublet

used to be the standard of care for these patients with docetaxel as one of the second line

treatment options. Second line chemotherapy was associated with poor response rate

(<10%) and a median survival of 8 months at best.5,6 In 2015, the US Food and Drug

Administration approved nivolumab based on two large, randomized, phase III trials
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which showed longer overall survival (OS) with nivolumab

than with docetaxel.7,8 Since its approval, two other check-

point inhibitors, namely, atezolizumab and pembrolizumab

(for PD-L1≥1%) were also approved in second line settings

for patients with advanced or metastatic NSCLC.9,10 With

the arrival of immunotherapy, it was felt that the docetaxel-

based treatment regimen would no longer be utilized.

Recently, pembrolizumab plus platinum doublet became the

preferred treatment option for patients who do not have

actionable driver mutation, based on data from two landmark

studies, namely, KEYNOTE-189 and KEYNOTE-407.11,12

The survival benefit with chemotherapy plus immunotherapy

was seen irrespective of PD-L1 expression. Pembrolizumab

monotherapy is an option for those with high PD-L1 expres-

sion of ≥50%. This is based on the KEYNOTE-024 study

which showed significant survival benefit with pembrolizu-

mab as compared with standard platinum doublet.13 Platinum

doublet plus atezolizumab plus bevacizumab is another pre-

ferred treatment option for these subsets of patients, based on

recent data from the IMPOWER 150 trial. This study showed

significant survival benefit with the addition of atezolizumab

to bevacizumab plus platinum doublet.14 Almost all patients

with locally advanced or metastatic NSCLC will now be

treated with a combination of chemotherapy and immu-

notherapy in coming months. Unfortunately, 40%–50% of

patients will not respond to the combination chemo-immu-

notherapy and the majority of them will progress in the

future, thus necessitating second line treatment. There is

therefore a substantial need for second line treatment options

in patients with advanced NSCLC. In this article, we will

focus on the role of ramucirumab in patients with NSCLC.

Angiogenesis is an important step in cancer proliferation

and growth. VEGF is one of the most important factors

associated with angiogenesis; its inhibition can suppress

tumor growth.15 Ramucirumab is a recombinant monoclonal

antibody of immunoglobulin G1 class that targets the extra-

cellular domain of VEGFR-2.16 VEGFR-2 is significantly

upregulated in tumor vasculature in the majority of solid

cancers including lung, liver, colorectal, stomach, etc.17 By

blocking VEGFR-2, ramucirumab prevents tumor angiogen-

esis and growth.18,19 As a second line agent, ramucirumab

has shown significant survival benefit in patients with gastric

cancer either alone or in combination with paclitaxel.20,21 It

also has clinical utility in patients with colorectal cancer,

hepatocellular cancer, and NSCLC.

Two randomized trials have evaluated ramucirumab in

patients with treatment-naïve advanced or metastatic

NSCLC.22,23 A study by Camidge et al was a phase II,

multi-center, open-label, single-arm study.22 Forty patients

with histologically confirmed stage IIIB or IV NSCLC were

enrolled in the study. Each of these patients received ramu-

cirumab at the dose of 10 mg/kg via intravenous infusion in

addition to standard platinum doublet (carboplatin-pacli-

taxel) every 3 weeks. The treatment continued for up to six

cycles or until there was evidence of disease progression or

intolerable toxicity. The overall response rate (ORR) was

55% including, 52.5% (n=21) partial response, 35.0%

(n=14) stable disease, and only one patient achieved a com-

plete response. Median progression-free survival (PFS) was

7.85 months and median OS was 16.85 months. Eighty-five

percent of patients (n=35) experienced treatment-related

adverse effects. Most of them were either grade 2 or 3 and

the most common events were fatigue, peripheral neuropa-

thy, nausea, epistaxis, and myalgia. Of note, there was no

grade ≥3 hemoptysis reported in this study. Doebele et al's

study was a phase II, randomized, open-label, multi-center

study23 which enrolled 140 patients with histologically con-

firmed stage IV NSCLC. Non-squamous NSCLC patients

were randomized in a 1:1 fashion to either receive platinum

doublet (pemetrexed plus carboplatin or cisplatin) or plati-

num doublet with ramucirumab every 3 weeks for up to 4–6

cycles. Maintenance therapy included pemetrexed with or

without ramucirumab. Squamous NSCLC patients received

gemcitabine instead of pemetrexed and half of the patients

received maintenance ramucirumab. The ORR, PFS, and OS

were not significantly different between the two arms: ORR

was 49.3% vs 38.0% (p=0.1797), Median PFS was 7.2 vs 5.6

months (p=0.1318), median OS was 13.9 vs 10.4 months

(p=0.8916) in the ramucirumab and non-ramucirumab arm

respectively. Ramucirumab is therefore not a current stan-

dard of care in the first line setting in the treatment of

advanced or metastatic NSCLC.

The REVEL study was a phase III, multi-center, rando-

mized, double-blind, placebo controlled study which

included patients with pathologically confirmed stage IV

NSCLC who have progressed during or after platinum-

based chemotherapy, with or without bevacizumab.24 A

total of 1,253 patients were randomized in 1:1 fashion to

either receive docetaxel with placebo (n=628) or docetaxel

with ramucirumab (n=625) every 3 weeks. The ORR was

14% vs 23% (OR 1.89, 95% CI 1.41–2.54, p<0.0001), med-

ian PFS was 3.0 months vs 4.5 months (HR 0.76, 95% CI

0.68–0.86), and median OS was 9.1 months vs 10.5 months

(HR 0.86, 95% CI 0.75–0.98) in the placebo and ramuciru-

mab group respectively. Most of the subgroups had better

survival with ramucirumab, although the study was not
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powered for subgroup analysis. Of note, therewas no obvious

benefit of ramucirumab in elderly patients and this was not

fully related to toxicity. Seventy-nine percent of patients in

ramucirumab arm and 71% of patients in non-ramucirumab

arm experienced grade ≥3 treatment-related adverse events.

Thirty-seven percent of patients (n=231) in ramucirumab

group had grade 4 neutropenia as compared to 28% in the

non-ramucirumab group. Also, incidence of febrile neutrope-

nia, hospital admission for febrile neutropenia, and incidence

of anemia were higher in ramucirumab group. Also, patients

in ramucirumab arm had more bleeding, fatigue, stomatitis,

mucosal inflammation, and dysgeusia. There was no differ-

ence in gastrointestinal and respiratory tract bleeding

events between the two groups. Based on an improvement

in survival with a net gain of 1.4 months, the US Food and

Drug Administration approved ramucirumab for use in

conjunction with docetaxel for patients with metastatic

NSCLC with disease progression on or after platinum

doublet chemotherapy, on December 12, 2014. It is a cate-

gory 2A recommendation as per National Comprehensive

Cancer Network and category I, B recommendation as per

the European Society for Medical Oncology.4,25 Given the

survival benefit of only 1.4 months and increased toxicity

profile, many clinicians believe that these data are only

statistically significant without any meaningful clinical

benefit and hence shy away from this combination. The

addition of ramucirumab to docetaxel should therefore be

individualized to younger patients with good performance

status. The findings of the previously mentioned three trials

are summarized in Table 1. Docetaxel in combination with

nintedanib (especially in patients with adenocarcinoma) or

paclitaxel in combination with bevacizumab could also be

potential therapeutic options, especially after disease pro-

gression on combination chemo-immunotherapy

treatment.26,27

Ramucirumab plus docetaxel has shown a good rate of

response when administered after nivolumab failure.28

Naumov et al showed that VEGF inhibition can enhance

antitumor activity in T790M positive cancer cells.29

Combined blockage of the VEGFR and EGFR pathway has

been utilized to overcome resistance to EGFR therapy. The

findings of the phase III RELAY trial were recently presented

at the 2019 American Society of Clinical Oncology annual

conference. In this trial, patients with stage IV sensitizing

EGFR mutation positive NSCLC were randomized either to

receive erlotinib or ramucirumab plus erlotinib combination.

The combination therapy yielded better PFS (median PFS of

19.4 months, 95% CI 15.4–21.6 vs 12.4 months, 95% CI

11.0–13.5), better duration of response (median 18.0 months,

95% CI 13.9–19.8 vs 11.1 months, 95% CI 9.7–12.3), and

side effect profile consistent with the established safety pro-

files of the individual compounds.30 Additionally, a phase Ib

study utilizing osimertinib with ramucirumab in EGFR-

mutated, T790M-positive patients with disease progression

on standard EGFR-TKI therapy is underway.31 Hopefully,

this trial will add value to the role ramucirumab can play in

treating T790M-positive patients.

In summary, ramucirumab in combination with doce-

taxel is an option for patients with metastatic NSCLC who

have progressed on platinum chemotherapy. The combina-

tion confers 1.4 months of improvement in median survival.

Since the survival gain is modest, the addition of ramucir-

umab should be individualized to younger patients with

good performance status.

Table 1 Ramucirumab in non-small-cell lung cancer

Study Study design Lines of treatment Chemotherapy Sample

size (n)

ORR

(%)

Md PFS

(months)

Md OS

(months)

Camidge

et al22
Phase II

Single-arm

Open-label

Treatment-naïve Carboplatin-paclitaxel plus

ramucirumab

40 55 7.85 16.85

Doebele

et al23
Phase II

Randomized

Open-label

Treatment-naïve Carboplatin or cisplatin-pemetrexed

with pemetrexed-ramucirumab vs

pemetrexed alone

140 49.3 vs

38

p=0.17

7.2 vs 5.6

p=0.13

13.9 vs

10.4

p=0.89

Garon

et al24
Phase III

Double-blind

Second line Docetaxel plus ramucirumab vs doce-

taxel plus placebo

1,253 23 vs

14

4.5 vs 3.0 10.5 vs 9.1

Shiono

et al28
Retrospective

study

Following disease pro-

gression after nivolu-

mab treatment

Ramucirumab plus docetaxel 20 60 5.6 11.4

Abbreviations: ORR, objective response rate; Md PFS, median progression-free survival; Md OS, median overall survival.
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