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ABSTRACT
Background: Second-line treatment for advanced non-small-cell lung cancer 

(NSCLC) patients includes monotherapy with a third-generation cytotoxic drug (CT) 
or a tyrosine kinase inhibitor (TKI). These options are the actual standard for EGFR 
wild-type (WT) status, as patients with EGFR mutations achieve greater benefit by the 
use of TKI in first-line treatment. Some clinical trials and meta-analyses investigated 
the comparison between CT and TKI in second-line, but data are conflicting.

Methods: We designed a retrospective trial to gather information about TKI 
sensitivity in comparison with CT. We selected from clinical records patients treated 
with at least 1 line of CT and at least 1 line of TKI. We collected data about age, sex, 
performance status, comorbidity, smoking status, histotype, metastatic sites, EGFR 
status, treatment schedule, better response and time-to-progression (TTP) for each 
line of treatment and overall survival (OS).

Results: 93 patients met selection criteria. Mean age 66,7 (range: 46–84). M/F 
ratio is 3:1. 39 EGFR-WT and 54 EGFR-UK. All patients received erlotinib or gefitinib 
as second-line treatment or erlotinib as third-line treatment. No TTP differences 
were observed for both second-line (HR:0,91; p = 0,6333) and third-line (HR:1.1; 
p = 0,6951) treatment (TKI vs CT). A trend of a benefit in OS in favor of 3rd-line TKI 
(HR:0,68; p = 0,11).

Conclusions: This study explores the role of TKIs in EGFR non-mutated NSCLC 
patients. OS analysis highlights a trend to a benefit in patients who received TKI in 
third-line, even if this result is statistically non-significant. Further analysis are needed 
to find an explanation for this observation.

INTRODUCTION

In the last few years we have witnessed a rapid 
evolution and expansion of systemic anti-cancer treatments 
available for patients with advanced non-small-cell 
 lung cancer (NSCLC), whose prognosis has been very 

poor, with 1−, 2−, and 5-years survival rates of 19%, 
8%, and 4%, respectively. Targeted therapy became the 
new standard of care in a subgroup of patients selected 
according to their tumor molecular profile. Both epidermal 
growth factor receptor (EGFR) and EML4-ALK tyrosine 
kinase inhibitors (TKI) are currently recommended as the 
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best treatment option for patients whose tumors harbor 
EGFR sensitizing mutations or EML4-ALK translocations, 
respectively, resulting in a significant improvement of 
survival outcomes, which nearly doubled compared to 
standard chemotherapy [1–4].

For the majority of NSCLC patients without a 
targetable oncogene driver, platinum-based combinations, 
including gemcitabine and pemetrexed/bevacizumab, 
for squamous and non-squamous histology, respectively, 
represent still the backbone. The advent of the continuum 
maintenance strategy with pemetrexed or bevacizumab 
has further improved the survival outcomes of patients 
with adenocarcinoma histology, reaching a new plateau 
of about 14–16 months [5–7], while fewer options remain 
available for patients with squamous cell lung cancer. 
Unfortunately all NSCLC patients develop acquired 
resistance within 6–10 months of  treatment, with only 
20% and 8% of all diagnosed population being able to 
tolerate second- and third-line therapy, respectively [8].

After several years of research, new drugs have 
recently emerged as effective therapeutic options also 
in pre-treated patients who have been characterized  by 
a particular poor prognosis and limited survival. The 
addition of the anti-angiogenic agents Nintedanib or 
Ramucirumab to docetaxel has shown a modest but 
significant survival benefit in patients who progressed to 
first-line platinum-based chemotherapy [9–14], leading 
to the approval of both drugs in this setting of patients. 
Immunotherapy, including anti-PD1 and anti-PD-L1 
monoclonal antibodies (MoAbs), represents another 
promising strategy, which shows a significant superiority 
compared to standard chemotherapy in pre-treated NSCLC 
patients [15–17], while ongoing studies are exploring its 
potential application also in first-line setting.

However we are still far from their introduction into 
clinical practice. Therefore the current treatment options 
available in second-line treatment include docetaxel, 
pemetrexed, and the EGFR-TKI erlotinib, which is the only 
one approved also as third-line therapy, as highlighted by the 
BR.21 study, first showing a clinical benefit of erlotinib over 
placebo in a pre-treated and unselected NSCLC population 
[18]. After this trial several studies included in two recent 
meta-analyses compared erlotinib to standard second-
line chemotherapy, such as docetaxel and pemetrexed, 
showing conflicting results [19–27]. Most of such studies 
included an unselected population with an unknown EGFR 
status, showing no significant differences between the two 
treatment arms in all patients’ outcomes [28]. However 
also the results of the studies performed in EGFR wild-
type (WT) patients are controversial [29, 30],  suggesting a 
potential survival benefit in favor of chemotherapy [31], but 
highlighting the urgent need of direct comparisons between 
TKI and chemotherapy in this setting of NSCLC patients. 
We compared clinical outcomes of erlotinib and of single-
agent chemotherapy in EGFR-WT or unknown NSCLC 
patients who progressed to first-line platinum-chemotherapy.

In EGFR wild-type NSCLC the EGFR pathway is 
activated, even though the excessive activity of kinase 
domain as in the mutant EGFR receptor lacks. This 
explains why EGFR driver mutations have an oncogenic 
effect. The modestly activated non-mutated EGFR has 
anyways a role in cancer promotion by the induction of 
cell proliferation, apoptosis inhibition, angiogenesis, 
cellular motility and invasiveness [32].

The aim of this study was to demonstrate the best 
second-line treatment option in a real-life EGFR-WT or 
unknown NSCLC population, trying to identify a preferred 
sequence of treatment, considering at least two or three 
lines of therapy and alternating respectively chemotherapy 
and TKI. The results could help to understand the role of 
EGFR-TKI in the sequence strategy. This information 
could help decision making in light of the new options for 
second-line treatment in EGFR-WT patients.

RESULTS

Patients characteristics

93 patients have met the criteria and have been 
selected for the first evaluation. 69 were male while 
24 female and the mean age at diagnosis was 66,7 (range 
46–84). 39 EGFR-WT and 54 EGFR-UK. All patients 
received a first-line chemotherapy and a TKI as second- 
or third-line treatment: 80 among them were treated 
with a platinum-based doublet chemotherapy, while 13 
with single-agent chemotherapy. All patients received at 
least one line of EGFR-TKI: 67 as second-line and 26 
as third-line treatment after second-line chemotherapy. 
Table 3 and Figure 3 summarize the main characteristics 
of the 93 cases analyzed. Among patients treated with 
TKI as second-line treatment, 13 received gefitinib and 
54 erlotinib. Among patients treated with TKI as third-
line treatment all received erlotinib. The following 
analyses were conducted comparing two defined groups 
of patients: patients treated in sequence with two lines of 
chemotherapy followed by TKI in the third (CT-CT-TKI) 
and patients treated with first-line chemotherapy, TKI in 
second and subsequent third-line chemotherapy (CT-TKI-
CT). We evaluated TTP of the second-line and the third-
line treatment, and OS. For the comparison of these main 
endpoints (TTP and OS) for the second-line treatment, we 
included data even from patients treated with only two 
lines of treatment (CT-TKI).

TTP of second- and third-line treatment  
(TKI vs CT)

No statistically significant difference was found, in 
terms of TTP, for EGFR-WT or EGFR-UK patients treated 
with TKI or chemotherapy as second-line treatment: 
mTTP 5 vs 4 months; HR: 0,91 (TKI vs  CT) 95% CI: 
0,57–1,45; p = 0,6333 (Figure 1). Similarly, the analysis of 
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Table 1: Baseline patients’ characteristics
Characteristics N  (%)
Mean age at diagnosis  (range)
< 65
≥ 65

66,7 (46–84)
34 (36,6)
59 (63,4)

Sex
M
F

69 (74,2)
24 (25,8)

Performance status
0–1
2

86 (92,5)
7 (7,5)

Smoking status
Yes
No
Former

42 (45,2)
18 (19,3)
33 (35,5)

Histology
Squamous
Adenocarcinoma
Other

24 (25,8)
56 (60,2)
13 (14,0)

Stage at diagnosis
I–IIIA
IIIB–IV

9 (9,7)
84 (90,3)

Comorbidity
Yes
No

56 (60,2)
37 (39,8)

Number of metastatic sites
1
2
≥ 3

32 (34,4)
37 (39,8)
24 (25,8)

EGFR
Wild-type (WT)
Unknown (UK)

39 (41,9)
54 (58,1)

Figure 1: Survival curves of TTP for second-line treatment (TKI vs CT).
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the TTP of the third-line treatment confirms the substantial 
overlap of the two strategies (TKI and CT): mTTP 2 vs 
3 months; HR: 1.1; (TKI vs CT); 95% CI: 0.62 to 1,97; 
p = 0,6951. Even in this graph, the curves representing 
the two treatments under comparison are almost identical, 
although a fewer number of patients continue to benefit, to 
date, by such therapies (Figure 2). The Table 2 summarizes 
these data.

Overall survival

For OS analysis we compared EGFR-WT and 
EGFR-UK patients treated with TKI as second- (CT-TKI) 
or third-line therapy (CT-CT-TKI) respectively. The results 
showed a trend toward a benefit for patients in the third-
line TKI group: mOS 26 vs 15 months (third-line TKI vs 
second-line TKI), HR: 0,68, 95% CI: 0,42–1,09; p = 0,11. 
No statistical significance have been found (Figure 3). 
Among patients treated with TKI as second-line treatment, 
a consistent number of them (N = 40) were treated only 
for two lines of therapy, showing lower survival (Table 3). 
However in the survival comparison between patients 
who have been treated with at least three lines of therapy 
(CT-CT-TKI vs CT-CT-TKI), a statistically non-significant 
trend has been also confirmed in favor of the TKI in the 
third-line treatment (mOS 26 vs 18 months; HR: 0,7; 
p = 0,21) (Figure 4 and Table 3).

DISCUSSION

This retrospective analysis has been carried out in 
order to find confirmation of the rationale of EGFR-TKI 
use for EGFR-WT and EGFR-UK NSCLC patients in 

every day clinical practice. Although the best outcomes 
are obtained from the use of TKIs as upfront treatment 
in EGFR mutated patients, all the international guidelines 
agree to recommend erlotinib as potential treatment option 
even for EGFR-WT patients who progressed to first-line 
platinum-chemotherapy [33]. Indeed a modest activation 
of  the EGFR signaling pathway has been demonstrated 
also in EGFR-WT NSCLC, promoting cancer cells 
proliferation, motility and invasiveness, stimulating 
tumor angiogenesis and inhibiting apoptosis processes 
[32, 34]. Additionally several phase II studies have shown 
encouraging activity and survival outcomes of erlotinib as 
second/third-line treatment in EGFR-WT NSCLC patients 
[35–37], whereas the randomized phase III BR.21 study 
demonstrated a significant benefit of erlotinib over placebo 
in a pre-treated and unselected NSCLC population [18], 
leading to its approval in such setting in 2004. A real-word 
cost-effectiveness analysis was conducted in NSCLC 
patients who received erlotinib after prior chemotherapy-
regimens, suggesting it as a cost-effective treatment in this 
setting of patients [38]. However it has not been clarified 
yet the best allocation of EGFR-TKI (second- or third-line 
setting) in the treatment strategy of such patients.

This study was intended for the assessment of the 
efficacy of EGFR-TKIs (erlotinib or gefitinib) compared 
to standard single-agent chemotherapy (docetaxel or 
pemetrexed) as second- or third-line treatment in EGFR-
WT/UK NSCLC population. The aim was the finding of 
support to identify a preferred sequence of treatment for 
these patients. Overall the baseline patients’ characteristics 
in the present study were similar to those reported in 
other prospective randomized studies, including the high 
percentage of both adenocarcinoma histology and good 

Figure 2: Survival curves of TTP for third-line treatment (TKI vs CT).
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PS [18, 25, 39].  The results of our analyses showed the 
substantial equality in terms of TTP of the two treatment 
strategies (TKI vs CT) both in second- and in third-line 
setting. Such data are opposite to the results from the most 
recent published randomized trials, including TAILOR, 
CTONG0806 and DELTA studies [25–27]. All of these ones 
show a significant superior PFS in favor of chemotherapy 
over TKI in EGFR-WT NSCLC patients who progressed 
to first-line treatment. Such discordance could be explained 
by the high percentage (58%) of patients with an unknown 
EGFR mutational status included in our study.  Another 
possible explanation may entail the lower sensitivity of the 
techniques used for the assessment of EGFR mutational 

status in our study, compared to the advanced platforms 
with higher sensitivity used in more recent trials (i.e. Sanger 
Sequencing vs Next-Generation Sequencing, respectively). 
As regards the OS analysis, our results suggest that 
treatment with EGFR-TKI is not inferior to the standard 
single-agent chemotherapy. Trends toward better OS were 
observed with third-line EGFR-TKI in both the comparisons 
(CT-TKI vs CT-CT-TKI and CT-TKI-CT vs CT-CT-TKI), 
although such differences were not statistically significant. 
According to other recently published randomized trials 
[25, 26], such evidences suggest a potential superiority 
of second-line chemotherapy over EGFR-TKI in NSCLC 
patients with EGFR-WT/UK, which failed to reach a 

Table 2: TTP of second- and third-line treatment (TKI vs CT)
TKI CT

HR 95% CI P
mTTP (months) N mTTP (months) N

Second line 5 58 4 26 0,91 0,57–1,45 0,6333
Third line 2 22 3 25 1,1 0,62–1,97 0,6951

Table 3: Overall survival according to TKI position (3rd-line vs 2nd-line) and overall sequence  
(CT-CT-TKI vs CT-TKI-CT)

Treatment mOS
(months) N HR 95% CI P

TK
I 

po
si

tio
n 3rd-line TKI 26 22

0,68 0,42 – 1,09 0,11
2nd-line TKI 15 51

O
ve

ra
ll 

se
qu

en
ce CT-CT-TKI 26 21

0,70 0,39 – 1,24 0,21
CT-TKI-CT 18 26

Figure 3: Survival curves of OS for the comparison 3rd-line vs 2nd-line TKI.
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statistical significance because of the effect of the treatment 
cross-over on the outcomes. Furthermore we can affirm 
that the potential OS benefit in favor of second-line CT 
is not induced by the number of treatment lines, but it’s 
likely related to the right sequence of drugs. Anyway the 
significance of results in a retrospective analysis remains 
uncertain. Indeed as a retrospective study, our work has 
several limitations, primarily the small number of subjects 
included as well as the high percentage of patients with an 
unknown EGFR mutation status, which of course reduce 
the reliability of our data. Analyzing our results we can 
conclude that, as recommended by all the international 
guidelines, both chemotherapy and EGFR-TKI are equal 
treatment options for NSCLC patients who progressed 
to first-line platinum-based chemotherapy. However 
for those patients with good PS who are fit to receive it, 
chemotherapy could represent the preferred second-line 
option, reserving EGFR-TKI as third-line therapy. Similarly 
EGFR-TKI, thanks to its peculiar tolerability profile can 
be considered as a valid alternative to chemotherapy for 
those patients with a poor PS or other comorbidities, who 
are unable to tolerate single-agent chemotherapy but are 
eligible for a second-line treatment. Moreover the LUX-
Lung 8 trial compared afatinib with erlotinib, as second-line 
treatment for patients with advanced squamous NSCLC. 
PFS and OS were improved by afatinib. So this irreversible 
EGFR-TKI should be considered as an alternative option in 
this setting [40].

Recently several studies investigated the potential 
role of a “proteomic scoring” by mass spectrometry 
analysis of serum to identify EGFR-WT patients most 

likely to benefit from EGFR-TKI [41–43]. Recently a 
phase III randomized study has shown that patients with 
a “poor proteomic score” had inferior OS with EGFR-TKI 
compared to chemotherapy [44]. Other studies evaluated 
germline genetic polymorphisms as predictors of response 
to EGFR-TKIs, showing that genetic polymorphisms of 
EGFR and downstream PI3K/AKT signaling pathways 
may be surrogate biomarkers of EGFR-TKI activity and 
toxicity in NSCLC patients [45–48]. Such data suggest that 
there is a high inter-patient variability likely related to their 
pharmacogenetic heterogeneity. However such findings 
have not been translated into clinical practice yet. Therefore 
clinical criteria, including patient’s age, PS, comorbidities 
and toxicities, remain still crucial in the choice of the best 
second-line treatment, which should be individualized 
according to every patient’s characteristics and preferences.

CONCLUSIONS

This study, far to draw any definitive conclusions, is a 
report of real-life clinical practice, which aims to stimulate 
the current open debate on the best treatment algorithm 
in EGFR-WT NSCLC patients, highlighting the urgent 
need for further studies on this topic. EGFR-TKI should 
be considered as a treatment option after progression upon 
progression to first-line treatment. Probably the advent of 
new drugs recently approved in second-line setting will 
lead to new treatment algorithms, but it is still far from 
clinical practice. In this framework this study could support 
the use of EGFR-TKI as third-line treatment option after 
new second-line treatment regimens. 

Figure 4: Survival curves of OS for the comparison CT-CT-TKI vs CT-TKI-CT.
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MATERIALS AND METHODS

Objectives of the study

Primary objective of the study has been to determine 
what is the most appropriate treatment between TKI and 
chemotherapy in EGFR-WT (ascertained non-mutated 
EGFR status) or EGFR-UK (unknown EGFR mutational 
status) advanced NSCLC patients, after progression from a 
first-line chemotherapy. The two second-line options would 
be compared on the basis of efficacy data: time to progression 
(TTP) and overall survival (OS). The same comparison 
would be also carried out for the third-line treatment.

Secondary objective of the study was to evaluate 
the influence of activity and effectiveness of the first-line 
chemotherapy, and the activity and effectiveness of TKI as 
second-line treatment. To address this objective we would 
analyze the association between the first-line chemotherapy 
responders and responders to the second-line treatment 
with TKI. As “responders” we mean those patients that 
have shown complete (CR), partial response (PR) or stable 
disease (SD) lasting six months or more. Conversely “non-
responders” are those patients who have shown progressive 
disease (PD) or SD ≤ 6 months. In addition, we would 
evaluate the influence of the TTP to first-line chemotherapy 
on the TTP to second-line treatment with TKI.

Study design

This study was carried out as a retrospective 
analysis by data collected from medical records of 
patients with histologically confirmed diagnosis of locally 
advanced or metastatic (Stage IIIB–IV) NSCLC and 
treated  for at least two lines of therapy and at least one 
line of EGFR-TKI. We evaluated patients treated from 
2005 to present in various cancer centers in Italy. Patients 
with EGFR mutations were excluded and we selected 
for the analysis only EGFR-WT and EGFR-UK patients 
evaluating the second- and third-line treatment, after first-
line chemotherapy.

Eligibility criteria

The patients were included for the analysis if they 
met the following eligibility criteria.

Inclusion criteria:
•  Histologically confirmed diagnosis of stage 

IIIB– IV NSCLC;
•  History of at least two lines of treatment for the 

advanced disease, with at least an instrumental 
re-evaluation of the disease after at least two 
months for each line of treatment;

•  History of at least one line of treatment with a 
TKI.

Exclusion criteria:
• Early stage NSCLC;

• EGFR mutated status;
• Treatment with TKI after the third-line treatment;
•  Interruption of any of the treatments before two 

months from the beginning.

Data collection

Data would be collected from paper or electronic 
databases after the obtainment of written informed consent 
to cancer treatment and processing of personal data. The 
following characteristics were evaluated for every single 
patient.

Patient’s data: 1) sex; 2) age at diagnosis; 3) smoking 
status; 4) Eastern Cooperative Oncology Group Performance 
Status (ECOG PS) at diagnosis; 5) Comorbidities. Disease’s 
data: 1) histotype; 2) stage at diagnosis  (IIIB or IV); 3) 
sites of metastases; 4) EGFR mutational status (EGFR-WT 
or EGFR-UK); 5) type of EGFR mutation. Treatments and 
outcomes: 1) type of treatment (schedules and drugs); 2) 
best objective responses (complete response (CR), partial 
response (PR), stable disease (SD), progressive disease 
(PD), according to  RECIST criteria); time-to-progression 
(TTP), meant as the time in months from the beginning of 
any treatment and progression; overall survival (OS) meant 
as the time in months from the beginning of the treatments 
and death or the last visit.

Statistical analysis

The analyses were performed by MedCalc version 
14.12.0. For the comparison of the effectiveness of CT 
and TKI at second- and third-line for TTP and OS, we 
performed the Kaplan-Meyer test with use of the log-
rank test to calculate median TTP (mTTP) and median 
OS (mOS). For all statistical tests, a p < 0.05 has been 
considered as statistically significant.

CONFLICTS OF INTEREST

The authors declare no potential conflicts of interests.

GRANT SUPPORT

This work was supported by the Consorzio 
Interuniversitario Nazionale per la Bio-Oncologia (CINBO).

REFERENCES

1. Passiglia F, Bronte G, Castiglia M, Listì A, Calò V, Toia F, 
Cicero G, Fanale D, Rizzo S, Bazan V, Russo A. Prognostic 
and predictive biomarkers for targeted therapy in NSCLC: 
for whom the bell tolls? Expert Opin Biol Ther. 2015; 
15:1553–1566.

2. Bronte G, Rolfo C, Giovannetti E, Cicero G, Pauwels P, 
Passiglia F, Castiglia M, Rizzo S, Vullo FL, Fiorentino E, 
Van Meerbeeck J, Russo A. Are erlotinib and gefitinib 



Oncotarget35810www.impactjournals.com/oncotarget

interchangeable, opposite or complementary for non-small 
cell lung cancer treatment? Biological, pharmacological and 
clinical aspects. Crit Rev Oncol Hematol. 2014; 89:300–313.

3. Rolfo C, Passiglia F, Castiglia M, Raez LE, Germonpre P, 
Gil-Bazo I, Zwaenepoel K, De Wilde A, Bronte G, Russo A, 
Van Meerbeeck JP, Van Schil P, Pauwels P. ALK and 
crizotinib: after the honeymoon…what else? Resistance 
mechanisms and new therapies to overcome it. Transl Lung 
Cancer Res. 2014; 3:250–261.

4. Bronte G, Rizzo S, La Paglia L, Adamo V, Siragusa S, 
Ficorella C, Santini D, Bazan V, Colucci G, Gebbia N, 
Russo A. Driver mutations and differential sensitivity to 
targeted therapies: a new approach to the treatment of lung 
adenocarcinoma. Cancer Treat Rev. 2010; 36:S21–29.

5. Paz-Ares LG, de Marinis F, Dediu M, Thomas M, Pujol JL, 
Bidoli P, Molinier O, Sahoo TP, Laack E, Reck M, Corral J, 
Melemed S, John W, et al. PARAMOUNT: Final overall 
survival results of the phase III study of maintenance 
pemetrexed versus placebo immediately after induction 
treatment with pemetrexed plus cisplatin for advanced 
nonsquamous non-small-cell lung cancer. J Clin Oncol. 
2013; 31:2895–2902.

6. Lopez-Chavez A, Young T, Fages S, Leon L, Schiller JH, 
Dowlati A, Brahmer JR, Johnson DH, Sandler A. 
Bevacizumab maintenance in patients with advanced non-
small-cell lung cancer, clinical patterns, and outcomes in the 
Eastern Cooperative Oncology Group 4599 Study: results of 
an exploratory analysis. J Thorac Oncol. 2012; 7:1707–1712.

7. Franchina T, Amodeo V, Bronte G, Savio G, Ricciardi GR, 
Picciotto M, Russo A, Giordano A, Adamo V. Circulating 
miR-22, miR-24 and miR-34a as novel predictive 
biomarkers to pemetrexed-based chemotherapy in advanced 
non-small cell lung cancer. J Cell Physiol. 2014; 229:97–99.

 8. Tassinari D, Scarpi E, Sartori S, Tamburini E, Santelmo C, 
Tombesi P, Lazzari-Agli L. Second-line treatments in non-
small cell lung cancer. A systematic review of literature and 
metaanalysis of randomized clinical trials. Chest. 2009; 
135:1596–1609.

 9. Reck M, Kaiser R, Mellemgaard A, Douillard JY, Orlov S, 
Krzakowski M, von Pawel J, Gottfried M, Bondarenko I, 
Liao M, Gann CN, Barrueco J, Gaschler-Markefski B, et al. 
Docetaxel plus nintedanib versus docetaxel plus placebo in 
patients with previously treated non-small-cell lung cancer 
(LUME-Lung 1): a phase 3, double-blind, randomised 
controlled trial. Lancet Oncol. 2014; 15:143–155.

10. Garon EB, Ciuleanu TE, Arrieta O, Prabhash K, Syrigos KN, 
Goksel T, Park K, Gorbunova V, Kowalyszyn RD, Pikiel J, 
Czyzewicz G, Orlov SV, Lewanski CR, et al. Ramucirumab 
plus docetaxel versus placebo plus docetaxel for second-
line treatment of stage IV non-small-cell lung cancer after 
disease progression on platinum-based therapy (REVEL): a 
multicentre, double-blind, randomised phase 3 trial. Lancet. 
2014; 384:665–673.

11. Fanale D, Bronte G, Passiglia F, Calò V, Castiglia M, Di 
Piazza F, Barraco N, Cangemi A, Catarella MT, Insalaco L, 

Listì A, Maragliano R, Massihnia D, et al. Stabilizing versus 
destabilizing the microtubules: a double-edge sword for an 
effective cancer treatment option? Anal Cell Pathol (Amst). 
2015; 2015:690916.

12. Bronte G, Passiglia F, Galvano A, Russo A. Anti-angiogenic 
drugs for second-line treatment of NSCLC patients: just 
new pawns on the chessboard? Expert Opin Biol Ther. 
2015:1–5.

13. Bronte G, Sortino G, Passiglia F, Rizzo S, Lo Vullo F, 
Galvano A, Bazan V, Rolfo C, Russo A. Monoclonal 
antibodies for the treatment of non-haematological tumours: 
update of an expanding scenario. Expert Opin Biol Ther. 
2014:1–15.

14. Rolfo C, Raez LE, Bronte G, Santos ES, Papadimitriou K, 
Buffoni L, van Meerbeeck JP, Russo A. BIBF 1120/ 
nintedanib: a new triple angiokinase inhibitor-directed 
therapy in patients with non-small cell lung cancer. Expert 
Opin Investig Drugs. 2013; 22:1081–1088.

15. Brahmer J, Reckamp KL, Baas P, Crinò L, Eberhardt WE, 
Poddubskaya E, Antonia S, Pluzanski A, Vokes EE, 
Holgado E, Waterhouse D, Ready N, Gainor J, et al. 
Nivolumab versus Docetaxel in Advanced Squamous-Cell 
Non-Small-Cell Lung Cancer. N Engl J Med. 2015.

16. Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, 
Ready NE, Chow LQ, Vokes EE, Felip E, Holgado E, 
Barlesi F, Kohlhäufl M, Arrieta O, et al. Nivolumab versus 
Docetaxel in Advanced Nonsquamous Non-Small-Cell 
Lung Cancer. N Engl J Med. 2015; 373:1627–1639.

17. Rolfo C, Sortino G, Smits E, Passiglia F, Bronte G, 
Castiglia M, Russo A, Santos ES, Janssens A, Pauwels P, 
Raez L. Immunotherapy: is a minor god yet in the pantheon 
of treatments for lung cancer? Expert Rev Anticancer Ther. 
2014; 14:1173–1187.

18. Shepherd FA, Rodrigues Pereira J, Ciuleanu T, Tan EH, 
Hirsh V, Thongprasert S, Campos D, Maoleekoonpiroj S, 
Smylie M, Martins R, van Kooten M, Dediu M, Findlay B, 
et al. Erlotinib in previously treated non-small-cell lung 
cancer. N Engl J Med. 2005; 353:123–132.

19. Cufer T, Vrdoljak E, Gaafar R, Erensoy I, Pemberton K, 
Group SS. Phase II, open-label, randomized study (SIGN) 
of single-agent gefitinib (IRESSA) or docetaxel as second-
line therapy in patients with advanced (stage IIIb or IV) 
non-small-cell lung cancer. Anticancer Drugs. 2006; 
17:401–409.

20. Maruyama R, Nishiwaki Y, Tamura T, Yamamoto N, 
Tsuboi M, Nakagawa K, Shinkai T, Negoro S, Imamura F, 
Eguchi K, Takeda K, Inoue A, Tomii K, et al. Phase III 
study, V-15-32, of gefitinib versus docetaxel in previously 
treated Japanese patients with non-small-cell lung cancer. J 
Clin Oncol. 2008; 26:4244–4252.

21. Lee DH, Park K, Kim JH, Lee JS, Shin SW, Kang JH, 
Ahn MJ, Ahn JS, Suh C, Kim SW. Randomized Phase III 
trial of gefitinib versus docetaxel in non-small cell lung 
cancer patients who have previously received platinum-
based chemotherapy. Clin Cancer Res. 2010; 16:1307–1314.



Oncotarget35811www.impactjournals.com/oncotarget

22. Douillard JY, Shepherd FA, Hirsh V, Mok T, Socinski MA, 
Gervais R, Liao ML, Bischoff H, Reck M, Sellers MV, 
Watkins CL, Speake G, Armour AA, et al. Molecular 
predictors of outcome with gefitinib and docetaxel in 
previously treated non-small-cell lung cancer: data from the 
randomized phase III INTEREST trial. J Clin Oncol. 2010; 
28:744–752.

23. Ciuleanu T, Stelmakh L, Cicenas S, Miliauskas S, 
Grigorescu AC, Hillenbach C, Johannsdottir HK, 
Klughammer B, Gonzalez EE. Efficacy and safety of 
erlotinib versus chemotherapy in second-line treatment of 
patients with advanced, non-small-cell lung cancer with 
poor prognosis (TITAN): a randomised multicentre, open-
label, phase 3 study. Lancet Oncol. 2012; 13:300–308.

24. Karampeazis A, Voutsina A, Souglakos J, Kentepozidis N, 
Giassas S, Christofillakis C, Kotsakis A, Papakotoulas P, 
Rapti A, Agelidou M, Agelaki S, Vamvakas L, Samonis G, 
et al. Pemetrexed versus erlotinib in pretreated patients with 
advanced non-small cell lung cancer: a Hellenic Oncology 
Research Group (HORG) randomized phase 3 study. 
Cancer. 2013; 119:2754–2764.

25. Garassino MC, Martelli O, Broggini M, Farina G, 
Veronese S, Rulli E, Bianchi F, Bettini A, Longo F, 
Moscetti L, Tomirotti M, Marabese M, Ganzinelli M, et  al. 
Erlotinib versus docetaxel as second-line treatment of 
patients with advanced non-small-cell lung cancer and wild-
type EGFR tumours (TAILOR): a randomised controlled 
trial. Lancet Oncol. 2013; 14:981–988.

26. Kawaguchi T, Ando M, Asami K, Okano Y, Fukuda M, 
Nakagawa H, Ibata H, Kozuki T, Endo T, Tamura A, 
Kamimura M, Sakamoto K, Yoshimi M, et al. Randomized 
phase III trial of erlotinib versus docetaxel as second- or 
third-line therapy in patients with advanced non-small-cell 
lung cancer: Docetaxel and Erlotinib Lung Cancer Trial 
(DELTA). J Clin Oncol. 2014; 32:1902–1908.

27. Zhou Q, Cheng Y, Yang JJ, Zhao MF, Zhang L, Zhang XC, 
Chen ZH, Yan HH, Song Y, Chen JH, Feng WN, Xu CR, 
Wang Z, et al. Pemetrexed versus gefitinib as a second-line 
treatment in advanced nonsquamous nonsmall-cell lung 
cancer patients harboring wild-type EGFR (CTONG0806): 
a multicenter randomized trial. Ann Oncol. 2014;  
25:2385–2391.

28. Li N, Yang L, Ou W, Zhang L, Zhang SL, Wang SY. Meta-
analysis of EGFR tyrosine kinase inhibitors compared 
with chemotherapy as second-line treatment in pretreated 
advanced non-small cell lung cancer. PLoS One. 2014; 
9:e102777.

29. Zhao N, Zhang XC, Yan HH, Yang JJ, Wu YL. Efficacy 
of epidermal growth factor receptor inhibitors versus 
chemotherapy as second-line treatment in advanced non-
small-cell lung cancer with wild-type EGFR: a meta-
analysis of randomized controlled clinical trials. Lung 
Cancer. 2014; 85:66–73.

30. Osarogiagbon RU, Cappuzzo F, Ciuleanu T, Leon L, 
Klughammer B. Erlotinib therapy after initial platinum 
doublet therapy in patients with EGFR wild type non-small 

cell lung cancer: results of a combined patient-level analysis 
of the NCIC CTG BR.21 and SATURN trials. Transl Lung 
Cancer Res. 2015; 4:465–474.

31. Vale CL, Burdett S, Fisher DJ, Navani N, Parmar MK, 
Copas AJ, Tierney JF. Should Tyrosine Kinase Inhibitors 
Be Considered for Advanced Non-Small-Cell Lung Cancer 
Patients With Wild Type EGFR? Two Systematic Reviews 
and Meta-Analyses of Randomized Trials. Clin Lung 
Cancer. 2015; 16:173–182.e174.

32. Herbst RS, Bunn PA. Targeting the epidermal growth factor 
receptor in non-small cell lung cancer. Clin Cancer Res. 
2003; 9:5813–5824.

33. Reck M, Popat S, Reinmuth N, De Ruysscher D, Kerr KM, 
Peters S, Group EGW. Metastatic non-small-cell lung 
cancer (NSCLC): ESMO Clinical Practice Guidelines for 
diagnosis, treatment and follow-up. Ann Oncol. 2014; 
25:iii27–39.

34. Sharma SV, Bell DW, Settleman J, Haber DA. Epidermal 
growth factor receptor mutations in lung cancer. Nat Rev 
Cancer. 2007; 7:169–181.

35. Yoshioka H, Hotta K, Kiura K, Takigawa N, Hayashi H, 
Harita S, Kuyama S, Segawa Y, Kamei H, Umemura S, 
Bessho A, Tabata M, Tanimoto M, et al. A phase II trial of 
erlotinib monotherapy in pretreated patients with advanced 
non-small cell lung cancer who do not possess active EGFR 
mutations: Okayama Lung Cancer Study Group trial 0705. 
J Thorac Oncol. 2010; 5:99–104.

36. Kobayashi T, Koizumi T, Agatsuma T, Yasuo M, 
Tsushima K, Kubo K, Eda S, Kuraishi H, Koyama S, 
Hachiya T, Ohura N. A phase II trial of erlotinib in patients 
with EGFR wild-type advanced non-small-cell lung cancer. 
Cancer Chemother Pharmacol. 2012; 69:1241–1246.

37. Matsuura S, Inui N, Ozawa Y, Nakamura Y, Toyoshima M, 
Yasuda K, Yamada T, Shirai T, Suganuma H, Yokomura K, 
Suda T, Chida K. Phase II study of erlotinib as third-line 
monotherapy in patients with advanced non-small-cell lung 
cancer without epidermal growth factor receptor mutations. 
Jpn J Clin Oncol. 2011; 41:959–963.

38. Cromwell I, van der Hoek K, Malfair Taylor SC, 
Melosky B, Peacock S. Erlotinib or best supportive care for 
third-line treatment of advanced non-small-cell lung cancer: 
a real-world cost-effectiveness analysis. Lung Cancer. 2012; 
76:472–477.

39. Bronte G, Rolfo C, Passiglia F, Rizzo S, Gil-Bazo I, 
Fiorentino E, Cajozzo M, Van Meerbeeck JP, Lequaglie C, 
Santini D, Pauwels P, Russo A. What can platinum offer 
yet in the treatment of PS2 NSCLC patients? A systematic 
review and meta-analysis. Crit Rev Oncol Hematol. 2015; 
95:306–17. doi: 10.1016/j.critrevonc.2015.03.010.

40. Soria JC, Felip E, Cobo M, Lu S, Syrigos K, Lee KH, 
Göker E, Georgoulias V, Li W, Isla D, Guclu SZ, Morabito A, 
Min YJ, et al. Afatinib versus erlotinib as second-line 
treatment of patients with advanced squamous cell carcinoma 
of the lung (LUX-Lung 8): an open-label randomised 
controlled phase 3 trial. Lancet Oncol. 2015; 16:897–907.



Oncotarget35812www.impactjournals.com/oncotarget

41. Taguchi F, Solomon B, Gregorc V, Roder H, Gray R, 
Kasahara K, Nishio M, Brahmer J, Spreafico A, Ludovini V, 
Massion PP, Dziadziuszko R, et al. Mass spectrometry to 
classify non-small-cell lung cancer patients for clinical 
outcome after treatment with epidermal growth factor 
receptor tyrosine kinase inhibitors: a multicohort cross-
institutional study. J Natl Cancer Inst. 2007; 99:838–846.

42. Stinchcombe TE, Roder J, Peterman AH, Grigorieva J, 
Lee CB, Moore DT, Socinski MA. A retrospective analysis 
of VeriStrat status on outcome of a randomized phase II 
trial of first-line therapy with gemcitabine, erlotinib, or the 
combination in elderly patients (age 70 years or older) with 
stage IIIB/IV non-small-cell lung cancer. J Thorac Oncol. 
2013; 8:443–451.

43. Carbone DP, Ding K, Roder H, Grigorieva J, Roder J, 
Tsao MS, Seymour L, Shepherd FA. Prognostic and 
predictive role of the VeriStrat plasma test in patients with 
advanced non-small-cell lung cancer treated with erlotinib 
or placebo in the NCIC Clinical Trials Group BR.21 trial. J 
Thorac Oncol. 2012; 7:1653–1660.

44. Gregorc V, Novello S, Lazzari C, Barni S, Aieta M, 
Mencoboni M, Grossi F, De Pas T, de Marinis F, Bearz A, 
Floriani I, Torri V, Bulotta A, et al. Predictive value of a 
proteomic signature in patients with non-small-cell lung 
cancer treated with second-line erlotinib or chemotherapy 
(PROSE): a biomarker-stratified, randomised phase 3 trial. 
Lancet Oncol. 2014; 15:713–721.

45. Nomura M, Shigematsu H, Li L, Suzuki M, Takahashi T, 
Estess P, Siegelman M, Feng Z, Kato H, Marchetti A, 
Shay JW, Spitz MR, Wistuba II, et al. Polymorphisms, 
mutations, and amplification of the EGFR gene in non-small 
cell lung cancers. PLoS Med. 2007; 4:e125.

46. Ma F, Sun T, Shi Y, Yu D, Tan W, Yang M, Wu C, Chu D, 
Sun Y, Xu B, Lin D. Polymorphisms of EGFR predict clinical 
outcome in advanced non-small-cell lung cancer patients 
treated with Gefitinib. Lung Cancer. 2009; 66:114–119.

47. Kim MJ, Kang HG, Lee SY, Jeon HS, Lee WK, Park JY, 
Lee EB, Lee JH, Cha SI, Kim DS, Kim CH, Kam S, Jung TH. 
AKT1 polymorphisms and survival of early stage non-small 
cell lung cancer. J Surg Oncol. 2012; 105:167–174.

48. Lemos C, Giovannetti E, Zucali PA, Assaraf YG, 
Scheffer GL, van der Straaten T, D’Incecco A, Falcone A, 
Guchelaar HJ, Danesi R, Santoro A, Giaccone G, Tibaldi C, 
et al. Impact of ABCG2 polymorphisms on the clinical 
outcome and toxicity of gefitinib in non-small-cell lung 
cancer patients. Pharmacogenomics. 2011; 12:159–170.


