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abstract

Lung cancer is the leading cause of cancer-related 
mortality worldwide owing to its advanced-stage at the 
time of diagnosis. The majority of patients will require a 
second-line therapy after progression during first-line 
treatment.

While treatment for NSCLC with EGFR mutation or EML4/
ALK fusion, target therapy is the favored second-line 
therapy if not already used in first-line therapy, NSCLC 
with EGFR wild-type remains an unmet need and many 
oncologists favor cytotoxic therapy. 

Recently, a better understanding of lung cancer biology, 
with a better selection of patients based on histology, 
molecular biology and the identification of potential 

target antigens in the immune system have significantly 
improved patient outcome.

This article will provide an update on different treatment 
options available for patients with EGFR wild-type 
advanced NSCLC who relapse after first-line therapy, 
which includes essentially ramucirumab, vandetanib, 
nivolumab, and pembrolizumab and considerations 
that may allow clinicians to a better choice of agent for 
second-line therapy.
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introduction
Lung cancer is the second most common cancer 

among both men and women and the leading cause of 
cancer-related mortality worldwide. In 2012, 1.8 million 
new cases of lung cancer were diagnosed globally, 
representing approximately 13% of the global cancer 
incidence and contributing in an estimated 1.59 million 
deaths per year (1-2).  85% of all lung cancers are classified 
as non-small-cell lung cancer (NSCLC) subtype and 
approximately two thirds of NSCLCs are diagnosed as 
advanced-stage disease (2).   

The prevalence of EGFR mutations in NSCLC varies 
widely with ethnicity, smoking status, and tumor histology 
(3). They are more common in Asian females and non-
smokers with adenocarcinoma. The most frequent of 
these mutations are exon 19 deletion and the single-point 
substitution L858R in exon 21; they confer sensitivity to 
inhibitors of EGFR-tyrosine kinase (4).

Over the past two decades, treatment of advanced 
non–small-cell lung cancer (NSCLC) has known major 
strides as a result of a better selection of patients based 
on histology and better understanding of lung cancer 
biology. The standard first-line treatment for EGFR 

wild-type advanced NSCLC is platinum-based doublet 
chemotherapy alone or with a targeted agent such as 
bevacizumab (5).  

On the second-line setting, three agents have led 
to significant improved overall survival, docetaxel(6-7), 
erlotinib(8) regardless of histology subtypes and 
pemetrexed, for non-squamous subtypes (9-10). 
Recently, new target therapies have been shown to 
provide benefits in terms of overall survival, including 
ramucirumab (11), nindetanib (12), and nivolumab (13-14), and 
pembrolizumab(12).

This expanding array of treatment offers a different 
approach on second line treatment for EGFR wild-type 
advanced NSCLC, but there is still considerable challenge 
to today’s oncologist on the best treatment option to 
choose. 

This article reviews the role of different treatment 
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options in patients with EGFR wild-type advanced NSCLC 
who relapse after first-line therapy. 

Ramucirumab

Ramucirumab is a fully human immunoglobulin G1 
monoclonal antibody that specifically binds to the VEGFR-2 
extracellular domain with high affinity, preventing binding 
of all VEGF ligands and receptor activation (15). A multicenter 
randomized phase 3 trial (REVEL) assessed ramucirumab 
plus docetaxel versus docetaxel plus placebo in 1253 
patients with metastatic squamous or non-squamous 
NSCLC following disease progression on or after one prior 
line of platinum-based therapy with good performance 
status of 0-1, prior bevacizumab and use maintenance 
therapy were allowed. Median overall survival was slightly 
increased with ramucirumab plus docetaxel (10.5 vs 9.1 
months, hazard ratio for death, 0.86; 95% CI, 0.75 to 
0.98; p= 0.023), ramucirumab was also associated with a 
significant improvement in PFS (4.5 vs 3.0 months (0·76, 
0·68–0·86; p<0·0001) and ORR (23% versus 14%, p < 
0.001). In the ramucirumab plus docetaxel arm, a higher 
rate of grade 3 or 4 neutropenia (49% vs. 40 %), febrile 
neutropenia (16% vs. 10%), fatigue (14% vs. 10%), and 
hypertension (35% vs 13%) was observed but were 
manageable (11). 

The exploratory subgroup analysis showed that 
the benefit of addition of ramucirumab was observed 
in both squamous and non-squamous tumors and 
was maintained in patients who had received prior 
bevacizumab based-therapy. However the benefit in 
older patients remains to be unclear (16). Based on this 
study, ramucirumab in combination with docetaxel was 
approved by the FDA in second-line setting of metastatic 
NSCLC. 

Nintedanib

Nintedanib is an oral small molecule tyrosine kinase 
inhibitor which targets simultaneously three receptors 
involved in angiogenesis process; vascular endothelial 
growth factor receptors (VEGFR), platelet-derived growth 
factor receptors (PDGFR) and fibroblast growth factor 
receptors (FGFR) (12, 17).

Nintedanib plus docetaxel was compared with 
docetaxel plus placebo in a randomized phase 3 trial 
(LUME-lung 1), which included approximately 1300 
patients with all histologies of metastatic NSCLC with 
good performance status of 0-1 after failure of first line 
chemotherapy. The study did meet its primary endpoint 
with significant improvement of PFS in the Nintedanib 
plus docetaxel arm compared with the docetaxel plus 
placebo arm (median 3·4 months (95% CI 2·9–3·9) vs 2·7 
months (2·6–2·8); hazard ratio 0·79 (95% CI 0·68–0·92), 

p=0·0019). But there was no significant difference in 
overall survival. A subset analysis showed a significant 
overall survival benefit of Nintedanib plus docetaxel in 
the adenocarcinoma subgroup, 12.6 months versus 10.3 
months (HR: 0.83, 95% CI: 0.70–0.99; p = 0.0359). 

Drug-related Grade 3-4 adverse events that were 
more observed at the Nintedanib than

the placebo arm (50.8% and 42%, respectively) were 
diarrhea and elevated liver function tests (12).

Based on the positive results of this study, Nintedanib in 
association with docetaxel was approved in the European 
Union in patients with locally advanced, metastatic or 
locally recurrent lung adenocarcinoma on second line 
treatment. 

Nivolumab

Historically, NSCLC was not considered as immunogenic 
tumor regarding to discouraging results with various 
agents such as interferon, interleukin 2 and Bacillus 
Calmett-Guérin. However, recently a better understanding 
of the immunity process with the identification of potential 
target antigens have changed this perception (18).

In order to grow, the tumor cells must escape 
from the host immune system by modifying several 
immune ‘check points’. Programmed death 1 (PD-1) 
is an immune check point receptor that is expressed 
predominantly by T-cells. The binding of PD-1 receptor 
to its ligands, PD-L1 or PD-L2, is part of the process 
of immunosuppression. Tumor cells utilize this system to 
escape from immunosurveillance mechanisms (17). 

Nivolumab is a fully-human lgG4 PD-1 monoclonal 
antibody immune checkpoint inhibitor that blocks the 
interaction between PD-1 and its ligands, leads to T-cell 
stimulation and restore antitumor immunity (19). In phase 
1 and 2 trials of nivolumab in heavily pretreated NSCLC 
patients, a 15% response rates and approximately 17% 
was observed, with a median overall survival of 8.2 to 9.2 
months and survival rates of 41% at 1 year and 19% at 3 
years respectively (20-21).

In March 2015, nivolumab was approved by the FDA 
for the treatment of advanced squamous NSCLC after one 
prior platinum-containing regimen. This approval was 
based on results of a checkmate 017 phase III trial in 
which 272 patients were randomized to nivolumab at 3 
mg/kg intravenously every 2 weeks or docetaxel at 75 mg/
m2 intravenously every 3 weeks. Patients assigned to the 
Nivolumab compared with the docetaxel arm experienced 
a higher median over survival rate, 9.2 months versus 
6.0 months, the overall survival rate at 1 year with 
42% versus 24% and with a 41% reduced risk of death 
compared to docetaxel (hazard ratio, 0.59; 95% CI, 0.44 
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to 0.79; P<0.001). Beyond the primary endpoint, objective 
response rate (ORR) was positive with Nivolumab and 
especially with later and longer responses. Nivolumab 
also improved median PFS by 38% versus docetaxel (3.5 
vs 2.8 months; HR = 0.62; 95% CI, 0.47-0.81; P = .0004). 
One-year PFS was 21% versus 6% in the nivolumab and 
control arms, respectively. The benefit of Nivolumab was 
independently on the PDL1 expression level (13).

In October 2015, the FDA expanded its approval of 
nivolumab to include advanced non-squamous NSCLC 
after progression on prior platinum-based chemotherapy. 
This approval was based on the results of the checkmate 
057 trial, which is a randomized international phase 3 
study that assigned 292 patients with advanced non-
squamous non–small-cell lung cancer (NSCLC) who have 
progressed during or after platinum-based chemotherapy 
to receive nivolumab at 3 mg/kg intravenously every 2 
weeks or docetaxel at 75 mg/m2 intravenously every 3 
weeks. Nivolumab showed better results than docetaxel, 
with overall survival rate of 51% and 39% with nivolumab 
versus 39% and 23% with docetaxel at 1 year and 18 
months respectively. Nivolumab did better than Docetaxel 
in term of response rate, 19% versus 12% and in 
progression-free survival at one year 19% versus 8%. 

A subgroup analysis according to pre-specified 
levels of tumor-membrane expression (≥1%, ≥5%, and 
≥10%) of the PD-1 ligand showed that Nivolumab is 
more efficient in all patients expressing the PD-1 (14). 

Treatment-related grade 3 or 4 adverse events were 
lower in the nivolumab arm compared with docetaxel arm 
in the both studies (13-14).

Pembrolizumab:

Pembrolizumab is the second PD-1 checkpoint 
inhibitor that was recently approved in advanced non–
small cell lung cancer (NSCLC) across all histologies 
(squamous and non-squamous) expressing PD-L1. In a 
phase I trial, KEYNOTE-001, which assessed the efficacy 
and safety of pembrolizumab in advanced non–small cell 
lung cancer (NSCLC), Pembrolizumab showed an objective 
overall response rate of 19.4%, this rate was higher at 
45.2% among patients with high PD-L1-expressing 
NSCLC, and the median duration of response of 12.5 
months in all patients, independently of the degree of PD-
L1 expression. The median duration of overall survival 
was 12.0 months and median duration of progression-
free survival was 3.7 months.

Pembrolizumab had an acceptable adverse effects 
profile, with principally fatigue, pruritus, and decreased 
appetite, with no significant difference according to dose or 
schedule (22). Based on data of this phase I, pembrolizumab 
had an accelerated approval in advanced non-squamous 
or squamous NSCLC and PD-L1 expression.

The potential of pembrolizumab was supported by 
the randomized phase II/III KEYNOTE-010 trial that 

table 1. approved agents on second line in non–Small-Cell lung Cancer
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compared pembrolizumab at 2 mg/kg and 10 mg/kg, both 
administered every 3 weeks, against docetaxel at 75mg/
m2 in 1034 patients with advanced previously treated 
NSCLC, with PD-L1 expression (on at least 1%). In the 
total population, both doses of pembrolizumab showed 
a significant longer overall survival (OS) compared 
to docetaxel, with a median overall survival of 10.4 
months with pembrolizumab 2 mg/kg, 12.7 months with 
pembrolizumab 10 mg/kg, and 8.5 months with docetaxel. 
There was no significant difference in progression-free 
survival between the three arms.

Among patients with higher levels of PD-L1 expression, 
pembrolizumab prolongs more the overall survival of 
at least 50%. Median OS for pembrolizumab at 2 mg/
kg and 10 mg/kg, was 14.9 months and 17.3 months 
respectively, compared to 8.2 months for docetaxel. 
Similarly, pembrolizumab improves progression-free 
survival with a median progression-free survival of 5.0 
months vs 5.2 months and vs 4.1 months respectively (23).

The safety profile of pembrolizumab was consistent 
with that observed in the phase I trial and with lower 
treatment-related grade 3 or 4 adverse events compared 
with docetaxel.

How to choose the optimal treatment on the second-
line therapy for EGFR wild-type advanced non-small-
cell lung cancer?

It is clear that different novel treatment options have 
emerged for patients with EGFR wild-type advanced stage 
NSCLC. Given the absence of comparison between these 
agents in phase III trials, selection of the treatment will 
have to be according to on a number of factors, including 
the availability of treatments, histological type, toxicity 
profile, presence of comorbid conditions and patient 
preference. Current biologically-based investigations are 
focused on determining the biomarkers of response and 
efficacy to have the most efficient agents for selected 
patients. 

Conclusion
A better understanding of the carcinogenesis and the 

immune system in tumor immunosurveillance has led to a 
rapid development of a new approach and changes in the 
treatment paradigms for the management of EGFR wild-
type advanced stage NSCLC in second line of treatment. 
New challenges that are currently explored involve the 
use of these agents on first line, the combination of 
immunotherapy agents alone or with chemotherapy and 
molecular targeted therapy.
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