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Abstract: Background: An increasing number of patients with advanced non-small cell lung cancer 

(NSCLC) have a poor prognosis and develop progressive disease after receiving conventional 

treatments. In recent years, several novel therapies have been approved for later lines of therapy of 

previously treated NSCLC. Erlotinib, an EGFR tyrosine kinase inhibitor, was recommended as the 

second-line therapy for pre-treated patients. However, the use of erlotinib has been reported to 

represent different clinical effects and adverse effects. Objectives: The current study was aim to 

investigate the efficacy and safety of erlotinib versus chemotherapy in pre-treated patients with 

advanced NSCLC. Methods: Electronic databases were searched for eligible literatures updated on 

June 2018. Randomized-controlled trials assessing the efficacy and safety of erlotinib in pre-treated 

NSCLC were included, of which the main outcomes were ORR (objective response rate), PFS 

(progression-free survival), OS (overall survival) and AEs (adverse events). All the data were pooled 

with the corresponding 95% confidence interval using RevMan software. Sensitivity analyses and 

heterogeneity were quantitatively evaluated. Results: A total of 11 randomized controlled trials were 

included in this analysis. The group of erlotinib did not achieved benefit in progression-free survival 

(OR = 0.61, 95%CI = 0.33–1.12, P = 0.11), overall survival (OR = 0.98, 95%CI = 0.84–1.15, P = 

0.81) as well with the objective response rate (OR = 0.77, 95%CI = 0.36–1.63, P = 0.49), 

respectively. In the results of subgroup analysis among the patients with EGFR wild-type, there is 
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also no significant differences in overall survival with erlotinib (OR = 0.90, 95%CI = 0.78–1.04, P = 

0.15) and progression-free survival (OR = 0.33, 95%CI = 0.09–1.18, P = 0.09). The most common 

treatment-related adverse events in the erlotinib group is rash (OR = 5.79, 95%CI = 2.12–15.77, P = 

0.0006), and neutropenia (OR = 0.02, 95%CI = 0.01–0.10, P ≤ 0.00001) is more found in the control 

group. In addition, fatigue (P = 0.09) and diarrhea (P = 0.52), the difference between the two groups 

had no statistical significance. Conclusions: There was no significant difference noted with regard to 

efficacy and safety between erlotinib vs. chemotherapy as the later-line therapy for previously treated 

patients with NSCLC, even with subgroup patients who have wild-type EGFR tumors. While, 

erlotinib might increase the risk of rash, and decrease the risk of neutropenia, compared with the 

chemotherapy. Further research is needed to develop a database of all EGFR mutations and their 

individual impact on the differing treatments. 
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1. Introduction  

Globally, lung Cancer has a high incidence and is the leading cause of cancer-related mortality [1]. 

Non-small cell lung cancer (NSCLC) comprises > 80% of all lung cancers, and > 7 in 10 patients are 

diagnosed in advanced stages [2], which reduces the standard first-line therapeutic options to 

platinum-based doublet chemotherapy, with modest results and disease progression [3]. Its 

therapeutic plateau turns this disease into an emergent area of subsequent treatment after failure of 

the standard first-line therapies for NSCLC.  

Currently, basing on several randomized controlled trials, the established agents in the 

subsequent therapy setting for advanced NSCLC treatment include docetaxel, pemetrexed, erlotinib, 

afatinib, and S-1 [4]. Docetaxel is effective for second-line treatment of metastatic NSCLC, which is 

associated with improving survival and quality of life [5–7].Pemetrexed, a multi-targeted antifolate 

agent, has been exerts its anti-tumor efficacy comparable to docetaxel in the same setting, but with a 

more favorable toxicity profile [8]. In refractory patients, afatinib demonstrated a modest benefit in 

terms of PFS and OS, and with a well-defined safety profile [9]. Meanwhile, S-1 has been 

demonstrated high antitumor activity for NSCLC with low intestinal toxicity [10,11]. 

Since epidermal growth factor receptor (EGFR) mutation accounts 11–22% of lung cancer 

driver mutations [12,13], EGFR-tyrosine kinase inhibitors (TKIs) are crucial in lung cancer 

treatment [14,15]. Erlotinib, an epidermal growth factor receptor (EGFR) tyrosine kinase 

inhibitor (TKI) [16,17], reportedly confers a survival benefit over placebo in the treatment of 

advanced-stage NSCLC after failure of previous chemotherapy [18,19]. In recently years, several 

trials have been conducted comparing erlotinib and other chemotherapy for NSCLC after the failure 

of initial therapy. But there is still conflicting results because of their toxicity or lack of therapeutic 

efficacy or both treatments are limited to tumors with specific genetic alterations [4].    

The objective of this meta-analysis is to evaluate the efficacy and toxicity of erlotinib versus 

chemotherapy in pre-treated with advanced-stage non-small-cell lung cancer.  
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2. Materials and method 

2.1. Retrieval strategy 

Published studies were searched by two investigators independently up to June, 2018. The 

searchable databases included PubMed, Embase, and Cochrane library, and the following keywords 

were used: “non-small cell lung cancer” AND “erlotinib” AND “pretreated patients” and no 

limitation was used during the literature search. Relevant Medical Subject Heading (MeSH) terms 

were also utilized. The references of eligible studies were checked for additional studies. 

2.2. Eligibility criteria  

Studies that meet the following criteria were included in the meta-analysis should: (1) random 

control trials (RCTs); (2) patients were clinically diagnosed with advanced-stage NSCLC after 

failure of previous chemotherapy; (3) trails focused on comparing erlotinib and chemotherapy; (4) 

the results of interest available regarding the efficacy (survival, tumor response) and toxicity 

(incidence of severe adverse effects (SAEs)); (5) the full texts were only included. The studies that 

did not meet the above inclusion criteria would be excluded from the meta-analysis. 

2.3. Quality assessment 

The risk of bias was evaluated in each mentioned study based on Cochrane handbook for 

Systematic Reviews by Cochrane Collaboration. Study quality was justified using Jadad scale by two 

investigators separately [20]. 

2.4. Data selection and extraction 

A self-designed data extraction form was used to independently extract following information by 

two authors including: lead author family name, year of publication, country, participant number, 

mean age treatment regimen, end-point of interests. We extracted the corresponding variables 

adjusted and risk estimates of mortality with 95%CIs. 

2.5. Statistical analysis 

The statistical analyses were conducted using Review Manager version 5.3 software (Revman; The 

Cochrane collaboration Oxford, United Kingdom). To assess the heterogeneity of study trial and 

determine the model for analysis, I2 statistic and Chi-squared were conducted [21]. Random-effect 

model was used if the assessment of heterogeneity was moderate and high (I2 ≥ 50%). Otherwise, if 

the source of heterogeneity was low(I2 < 50%), we used the fixed-effect model for further 

analysis [22]. A P < 0.05 was considered as statistically significant difference. 

3. Results 

3.1. Overview of literature search and study characteristics 
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A total of 437 studies were retrieved initially for evaluation. Based on the criteria described in 

the methods, 16 publications were evaluated in more detail, but some did not provide enough detail 

of outcomes of two approaches. Therefore, a final total of 11 RCTs [9,23–32] evaluate the efficacy 

and toxicity of comparing erlotinib versus chemotherapy. The search process is described in Figure 1. 

All included studies in this study were based on moderate to high quality evidence. Table 1 

describes the primary characteristics of the eligible studies in more detail. 

 

Figure 1. PRISMA flow chart of selection process to identify studies eligible for pooling. 
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Table 1. The primary characteristics of the eligible studies in more detail. 

3.2. Clinical and methodological heterogeneity  

3.2.1. Pooled analysis of PFS comparing erlotinib versus chemotherapy  

The pooling PFS data did not achieve advantage between two groups (OR = 0.61, 95%CI = 

0.33–1.12, P = 0.11). In other words, neither erlotinib nor chemotherapy leads a PFS advantage 

(Figure 2). While, subgroup analyses also indicated that the comparison of two groups did not show 

PFS benefit (OR = 0.33, 95%CI = 0.09–1.18, P = 0.09) (Figure 3) among EGFR wild-type patients. 

 

Figure 2. Pooled analysis of PFS comparing erlotinib versus chemotherapy. 

Author Year Country Control group No. of patients  Median age  

    Erlotinib control Erlotinib control 

Fiala Onderj 2016 Czech  Pemetrexed 88 49 65 61 

Li Ning 2014 China  Pemetrexed 61 62 54.3 55.1 

Athanasios Karampeazis  2013 Greece  Pemetrexed 166 166 65 66 

Dae Ho Lee  2013 China Pemetrexed 82 80 53.9 55.9 

Kawaguchi 2014 Japan Docetaxel 150 151 68 67 

Garassino 2013 Italy Docetaxel 109 110 66 67 

Solange Peters  2017 Switzerland Docetaxel 38 42 66.3 69.7 

Gregorc 2014 Italy Pemetrexed + 

Docetaxel 

134 129 65 65 

Ciuleanu 2012 Romania Pemetrexed + 

Docetaxel 

203 221 59 59 

Soria J-C  2015 USA Afatinib 397 398 64 65 

Yasuyuki Ikezawa  2017 Japan S-1  19 18 65 64 
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Figure 3. Pooled analysis of PFS comparing erlotinib versus chemotherapy among 

EGFR wild-type patients. 

3.2.2. Pooled analysis of OS comparing erlotinib versus chemotherapy  

A random- effects model was used to pool the OS data, since the heterogeneity across the eight 

studies was high. The pooled data showed that there was no benefit comparing erlotinib versus 

chemotherapy for pretreated advanced NSCLC (OR = 0.98, 95%CI = 0.84–1.15, P = 0.81) (Figure 4), 

as well as in the EGFR wild-type subgroup (OR = 0.90, 95%CI = 0.78–1.04, P = 0.15) (Figure 5). 

 

Figure 4. Pooled analysis of OS comparing erlotinib versus chemotherapy. 

 

Figure 5. Pooled analysis of OS comparing erlotinib versus chemotherapy among EGFR 

wild-type patients. 



7927 

Mathematical Biosciences and Engineering  Volume 16, Issue 6, 7921–7933. 

3.2.3. Pooled analysis of ORR comparing erlotinib versus chemotherapy  

Pooling the ORR data from six studies showed that erlotinib did not increased the rate of the 

ORR (OR = 0.77, 95%CI = 0.36–1.63, P = 0.49) compared with the chemotherapy group (Figure 6).  

 

Figure 6. Pooled analysis of ORR comparing erlotinib versus chemotherapy.  

3.2.4. Pooled analysis of SAE comparing erlotinib versus chemotherapy 

We define the grade 3/4 toxicities as SAE. The rate of the rash, neutropenia, fatigue and diarrhea 

were included, and the data are shown in Figure 7–10. Statistically significant level was reached in 

rate of rash (OR = 5.79, 95%CI = 2.12–15.77, P = 0.0006), and neutropenia (OR = 0.02, 95%CI = 

0.01–0.10, P < 0.00001). While, no difference was found in the incidence rate of fatigue (OR = 1.71, 

95%CI = 0.93–3.15, P = 0.09) and diarrhea (OR = 1.46, 95%CI = 0.46–4.62, P = 0.52). 

 

Figure 7. Pooled analysis of rash comparing comparing erlotinib versus chemotherapy. 

 

Figure 8. Pooled analysis of neutropenia comparing erlotinib versus chemotherapy.  
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Figure 9. Pooled analysis of fatigue comparing erlotinib versus chemotherapy.  

 

Figure 10. Pooled analysis of diarrhea comparing erlotinib versus chemotherapy. 

4. Discussion 

Lung cancer is the most common diagnosed cancer and the frequent cause of cancer death [4]. 

More than 80% of all newly diagnosed lung cancers are non-small-cell lung cancers (NSCLCs) [33]. 

Despite NSCLC patients have received standard first-line treatment, most patients would experience 

disease progression ultimately and need subsequent treatment [34].  

Later-line treatment options available to previously treated patients who fail from first-line 

treatment include additional chemotherapy or targeted therapy [6–8,35]. Epidermal growth factor 

receptor tyrosine kinase inhibitors (EGFR TKIs) have been investigated in several trials in the 

second-line setting. Erlotinib is an orally administered small molecule tyrosine kinase inhibitor (TKI) 

targeting epidermal growth factor receptor (EGFR), which was reported to improve overall survival, 

progression-free survival, and quality of life, compared with placebo as second- line or third-line 

therapy in previously treated NSCLC [36,37]. However, the role of erlotinib still remains 

controversial.  

The objective of this study was to assess the efficacy and toxicity of erlotinib versus 

chemotherapy in pre-treated with advanced-stage non-small-cell lung cancer. While, our data failed 

to demonstrate the superiority of erlotinib over chemotherapy, and the differences with regard to PFS, 

OS, and the ORR were not statistically significant between two arms for NSCLC after the failure of 

initial therapy, even with subgroup patients harboring EGFR wild-type (wt- EGFR). 

The exploratory analysis could be that patients who may have a distinct clinical behavior 

according to different EGFR status. Overall, the EGFR mutated (mut-EGFR) patients experienced a 

trend toward improvement in the ORR and TTP, but not OS, compared with EGFR wild type patients, 
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as previously reported [38,39]. A preliminary report from the TAILOR study indicated that 

chemotherapy has an improvement in patients with wt- EGFR tumors [27]. The observed higher 

ORR and the improvement in OS in patients with mut-EGFR tumors in the erlotinib arm, which is 

consistent with the predictive value of EGFR mutations for response to EGFR-TKIs [14,40–42]. In 

addition, association between EGFR mutation status and survival is difficult to estimate, particularly 

outside of a clinical trial setting. The obstacle to this association could be associated with the 

different lines of treatment and the crossover of treatments [41–43]. 

The toxicity observed in our study showed that the crash occurred more frequently in the 

erlotinib arm compared with the chemotherapy arm, and resulted in decreasing the risk of 

neutropenia. Consistent with our findings, a recently meta-analysis suggests that the anemia, 

neutropenia and alopecia occurred less with erlotinib treatment compared with the chemotherapy, 

whereas rash and diarrhea occurred more often among the patients treated with erlotinib [44]. This 

result suggests that the systematically established management of adverse events used in this therapy 

worked well to keep patients on treatment, enabling the maximum benefit from drugs. Given the 

different safety profiles of erlotinib or chemotherapy, a key factor in selecting treatment should be 

patients’ comorbidities and tolerance of expected toxicity.   

This is the first pooled analysis focused on the efficacy and toxicity comparing the efficacy and 

toxicity of erlotinib versus chemotherapy in pre-treated with advanced-stage non-small-cell lung 

cancer. However, there are limitations to our study. First, as this study was a study-level 

meta-analysis, due to the lack of patient-level data, clinical heterogeneity among trials should be 

taken into consideration in the interpretation of our findings, even though all the included studies are 

randomized clinical trials. Second, subgroup analysis of EGFR TKI mutation status did not provide 

enough data on subtype. It has been reported that the presence of KRAS mutation is a possible 

negative predictive factor for response to EGFR TKIs [38,45,46], so we could not extract relative 

subgroup data from literature. Therefore, analyses from individual patient data on subtype are need 

debated in the future. 

5. Conclusion 

In summary, the current study indicates that erlotinib and chemotherapy are comparable efficacy 

with well-manageable tolerability for previously treated NSCLC. Recent advances in the treatment 

of NSCLC have disease progression after the failure of initial therapy have developed to a part of a 

paradigm of “personalized” medicine in oncology, at least in a subset of patients with 

oncogenic-driven; examples include mutations in the EGFR gene and other gene. From an efficacy 

standpoint, further trials into biomarkers that will benefit patients by subtype, which can be 

instructive in driving treatment decisions, while conferring with manageable adverse events. 

Conflict of interest  

The authors declare that they have no conflict of interest. 

Ethical statement  

This article does not contain any studies with human participants or animals performed by any of 



7930 

Mathematical Biosciences and Engineering  Volume 16, Issue 6, 7921–7933. 

the authors. 

Funding 

 Zhejiang Province Medical and Health Technology Projects (No.2017KY724, 2017KY728) and 

Zhejiang Province Lishui City High-level Talents Development Projects (No. 2016RC29). 

References  

1. L. A. Torre, F. Bray, R. L. Siegel, et al., Global cancer statistics, 2012, CA-Cancer J. Clin., 65 

(2015), 87–108. 

2. S. K. Alpard and J. B. Zwischenberger, Staging and surgery for non-small cell lung cancer 

(NSCLC), Surg. Oncol., 7 (1998), 25–43. 

3. A. P. Abernethy, A. Arunachalam, T. Burke, et al., Real-world first-line treatment and overall 

survival in non-small cell lung cancer without known EGFR mutations or ALK rearrangements 

in US community oncology setting, PLoS One, 12 (2017), e0178420. 

4. J. Davies, M. Patel, C. Gridelli, et al., Real-world treatment patterns for patients receiving 

second-line and third-line treatment for advanced non-small cell lung cancer: A systematic 

review of recently published studies, PLoS One, 12 (2017), e0175679. 

5. F. Aguiar, G. Fernandes, H. Queiroga, et al., Overall survival analysis and characterization of an 

egfr mutated non-small cell lung cancer (NSCLC) population, Arch. Bronconeumol., 54 (2018), 

10–17. 

6. F. A. Shepherd, J. Dancey, R. Ramlau, et al., Prospective randomized trial of docetaxel versus 

best supportive care in patients with non-small-cell lung cancer previously treated with 

platinum-based chemotherapy, J. Clin. Oncol., 18 (2000), 2095–2103. 

7. F. V. Fossella, R. DeVore, R. N. Kerr, et al., Randomized phase III trial of docetaxel versus 

vinorelbine or ifosfamide in patients with advanced non-small-cell lung cancer previously treated 

with platinum-containing chemotherapy regimens. The TAX 320 Non-Small Cell Lung Cancer 

Study Group, J. Clin. Oncol., 18 (2000), 2354–2362. 

8. N. Hanna, F. A. Shepherd, F. V. Fossella, et al., Randomized phase III trial of pemetrexed versus 

docetaxel in patients with non-small-cell lung cancer previously treated with chemotherapy, J. 

Clin. Oncol., 22 (2004), 1589–1597. 

9. J. C. Soria, E. Felip, M. Cobo, 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., 16 (2015), 897–907. 

10. I. Okamoto, H. Yoshioka, S. Morita, et al., Phase III trial comparing oral S-1 plus carboplatin 

with paclitaxel plus carboplatin in chemotherapy-naive patients with advanced non-small-cell 

lung cancer: results of a west Japan oncology group study, J. Clin. Oncol., 28 (2010), 5240–5246. 

11. Y. Totani, Y. Saito, M. Hayashi, et al., A phase II study of S-1 monotherapy as second-line 

treatment for advanced non-small cell lung cancer, Cancer Chemother. Pharmacol., 64 (2009), 

1181–1185. 

12. Comprehensive molecular profiling of lung adenocarcinoma, Nature, 511 (2014), 543–550. 

13. L. M. Sholl, D. L. Aisner, M. Varella-Garcia, et al., Multi-institutional oncogenic driver mutation 

analysis in lung adenocarcinoma: The lung cancer mutation consortium experience, J. Thorac. 



7931 

Mathematical Biosciences and Engineering  Volume 16, Issue 6, 7921–7933. 

Oncol., 10 (2015), 768–777. 

14. T. S. Mok, Y. L. Wu, S. Thongprasert, et al., Gefitinib or carboplatin-paclitaxel in pulmonary 

adenocarcinoma, N. Engl. J. Med., 361 (2009), 947–957. 

15. R. Rosell, E. Carcereny, R. Gervais, et al., Erlotinib versus standard chemotherapy as first-line 

treatment for European patients with advanced EGFR mutation-positive non-small-cell lung 

cancer (EURTAC): A multicentre, open-label, randomised phase 3 trial, Lancet Oncol., 13 (2012), 

239–246. 

16. R. S. Herbst and P. A. Bunn, Jr., Targeting the epidermal growth factor receptor in non-small cell 

lung cancer, Clin. Cancer Res., 9 (2003), 5813–5824. 

17. M. H. Cohen, J. R. Johnson, Y. F. Chen, et al., FDA drug approval summary: Erlotinib (Tarceva) 

tablets, Oncologist, 10 (2005), 461–466. 

18. J. J. Yang, Q. Zhou, H. H. Yan, et al., A phase III randomised controlled trial of erlotinib vs. 

gefitinib in advanced non-small cell lung cancer with EGFR mutations, Br. J. Cancer, 116 (2017), 

568–574. 

19. H. Borghaei, L. Paz-Ares, L. Horn, et al., Nivolumab versus Docetaxel in Advanced 

Nonsquamous Non-Small-Cell Lung Cancer, N. Engl. J. Med., 373 (2015), 1627–1639. 

20. A. R. Jadad, R. A. Moore, D. Carroll, et al., Assessing the quality of reports of randomized 

clinical trials: is blinding necessary?, Control Clin. Trials., 17 (1996), 1–12. 

21. J. P. Higgins and S. G. Thompson, Quantifying heterogeneity in a meta-analysis, Stat. Med., 21 

(2002), 1539–1558. 

22. J. P. Higgins, S. G. Thompson, J. J. Deeks, et al., Measuring inconsistency in meta-analyses, BMJ, 

327 (2003), 557–560. 

23. O. Fiala, M. Pesek, J. Finek, et al., Pemetrexed versus erlotinib in the second-line treatment of 

patients with advanced-stage non-squamous NSCLC harboring wild-type EGFR gene, 

Anticancer Res., 36 (2016), 447–453. 

24. N. Li, W. Ou, H. Yang, et al., A randomized phase 2 trial of erlotinib versus pemetrexed as 

second-line therapy in the treatment of patients with advanced EGFR wild-type and EGFR 

FISH-positive lung adenocarcinoma, Cancer, 120 (2014), 1379–1386. 

25. D. H. Lee, J. S. Lee, S. W. Kim, et al., Three-arm randomised controlled phase 2 study 

comparing pemetrexed and erlotinib to either pemetrexed or erlotinib alone as second-line 

treatment for never-smokers with non-squamous non-small cell lung cancer, Eur. J. Cancer, 49 

(2013), 3111–3121. 

26. A. Karampeazis, A. Voutsina, J. Souglakos, 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, 119 (2013), 2754–2764. 

27. F. Koinis, S. Agelaki, V. Karavassilis, et al., Second-line pazopanib in patients with relapsed and 

refractory small-cell lung cancer: A multicentre phase II study of the Hellenic Oncology 

Research Group, Br. J. Cancer, 117 (2017), 8–14. 

28. T. Ciuleanu, L. Stelmakh, S. Cicenas, et al., 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., 13 

(2012), 300–308. 

29. V. Gregorc, S. Novello, C. Lazzari, 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 



7932 

Mathematical Biosciences and Engineering  Volume 16, Issue 6, 7921–7933. 

biomarker-stratified, randomised phase 3 trial, Lancet Oncol., 15 (2014), 713–721. 

30. Y. Ikezawa, H. Asahina, S. Oizumi, et al., A randomized phase II trial of erlotinib vs. S-1 as a 

third- or fourth-line therapy for patients with wild-type EGFR non-small cell lung cancer 

(HOT1002), Cancer Chemother. Pharmacol., 80 (2017), 955–963. 

31. S. Peters, R. A. Stahel, U. Dafni, et al., Randomized phase III trial of erlotinib versus docetaxel in 

patients with advanced squamous cell non-small cell lung cancer failing first-line platinum-based 

doublet chemotherapy stratified by veristrat good versus veristrat poor. the european thoracic 

oncology platform (ETOP) EMPHASIS-lung trial, J. Thorac. Oncol., 12 (2017), 752–762. 

32. T. Kawaguchi, M. Ando, K. Asami, 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., 32 (2014), 1902–1908. 

33. J. R. Molina, P. Yang, S. D. Cassivi, et al., Non-small cell lung cancer: epidemiology, risk factors, 

treatment, and survivorship, Mayo Clin. Proc., 83 (2008), 584–594. 

34. D. S. Ettinger, W. Akerley, H. Borghaei, et al., Non-small cell lung cancer, version 2.2013, J. Natl. 

Compr. Canc. Netw., 11 (2013), 645–653. 

35. F. A. Shepherd, J. Rodrigues Pereira, T. Ciuleanu, et al., Erlotinib in previously treated 

non-small-cell lung cancer, N. Engl. J. Med., 353 (2005), 123–132. 

36. M. C. Garassino, S. Marsoni and I. Floriani, Testing epidermal growth factor receptor mutations 

in patients with non-small-cell lung cancer to choose chemotherapy: The other side of the coin, J. 

Clin. Oncol., 29 (2011), 3835–3837; author reply 3837–3839. 

37. S. A. Laurie and G. D. Goss, Role of epidermal growth factor receptor inhibitors in epidermal 

growth factor receptor wild-type non-small-cell lung cancer, J. Clin. Oncol., 31 (2013), 

1061–-1069. 

38. C. P. Schneider, D. Heigener, K. Schott-von-Romer, et al., Epidermal growth factor 

receptor-related tumor markers and clinical outcomes with erlotinib in non-small cell lung cancer: 

an analysis of patients from german centers in the TRUST study, J. Thorac. Oncol., 3 (2008), 

1446–1453. 

39. J. Y. Douillard, F. A. Shepherd, V. Hirsh, 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., 28 (2010), 744–752. 

40. M. Maemondo, A. Inoue, K. Kobayashi, et al., Gefitinib or chemotherapy for non-small-cell lung 

cancer with mutated EGFR, N. Engl. J. Med., 362 (2010), 2380–2388. 

41. T. Mitsudomi, S. Morita, Y. Yatabe, et al., Gefitinib versus cisplatin plus docetaxel in patients 

with non-small-cell lung cancer harbouring mutations of the epidermal growth factor receptor 

(WJTOG3405): An open label, randomised phase 3 trial, Lancet Oncol., 11 (2010), 121–128. 

42. R. Rosell, T. Moran, C. Queralt, et al., Screening for epidermal growth factor receptor mutations 

in lung cancer, N. Engl. J. Med., 361 (2009), 958–967. 

43. L. V. Sequist, J. C. Yang, N. Yamamoto, et al., Phase III study of afatinib or cisplatin plus 

pemetrexed in patients with metastatic lung adenocarcinoma with EGFR mutations, J. Clin. 

Oncol., 31 (2013), 3327–3334. 

44. Y. Li, T. Cheng, L. Chen, et al., Erlotinib versus chemotherapy (Docetaxel/pemetrexed) as 

second-line therapy in advanced non-small cell lung cancer: A meta-analysis, Int. J. Clin. Exp. 

Med., 10 (2017), 4606–4617. 

45. H. Linardou, I. J. Dahabreh, D. Kanaloupiti, et al., Assessment of somatic k-RAS mutations as a 



7933 

Mathematical Biosciences and Engineering  Volume 16, Issue 6, 7921–7933. 

mechanism associated with resistance to EGFR-targeted agents: A systematic review and 

meta-analysis of studies in advanced non-small-cell lung cancer and metastatic colorectal cancer, 

Lancet Oncol., 9 (2008), 962–972. 

46. C. Mao, L. X. Qiu, R. Y. Liao, et al., KRAS mutations and resistance to EGFR-TKIs treatment in 

patients with non-small cell lung cancer: A meta-analysis of 22 studies, Lung Cancer, 69 (2010), 

272–278. 

©2019 the Author(s), licensee AIMS Press. This is an open access 

article distributed under the terms of the Creative Commons 

Attribution License (http://creativecommons.org/licenses/by/4.0) 

 


