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EGFR tyrosine kinase inhibitors 
versus chemotherapy as first-line 
therapy for non-small cell lung 
cancer patients with the L858R 
point mutation
Jianlin Xu1,*, Haitang Yang2,*, Bo Jin1, Yuqing Lou1, Yanwei Zhang1, Xueyan Zhang1, 
Hua Zhong1, Huiming Wang1,  Dan Wu3 & Baohui Han1

The efficacy of EGFR tyrosine kinase inhibitors (TKIs) varies among different EGFR mutations. Here, 
we directly compared the efficacy of first-line TKIs to chemotherapy for non-small cell lung cancer 
(NSCLC) patients with the L858R mutation. The progression-free survival (PFS) for patients receiving 
TKIs as first-line therapy was longer than those who received chemotherapy (hazard ratio [HR]: 
0.44, P < 0.001). Subgroup analyses showed that first-line TKI therapy resulted in longer PFS among 
non-smokers (HR: 0.41, P < 0.001), male (HR: 0.49, P = 0.002), female (HR: 0.39, P < 0.001), and 
patients with adenocarcinoma histology (HR: 0.41, P < 0.001). However, among patients with non-
adenocarcinoma histology (HR: 1.11, P = 0.824) and those who used to smoke (HR: 0.55, P = 0.093), 
first-line TKI therapy failed to demonstrate statistically longer PFS compared to chemotherapy. Our 
results demonstrated that for patients with L858R mutation, first-line TKI therapy provided better 
survival benefits. However, among non-adenocarcinoma patients and those who used to smoke, the 
PFS in cohorts receiving first-line chemotherapy or TKI were not significantly different. The results of 
the current study will be helpful for decision-making in the treatment of patients with L858R mutation.

Lung cancer is the most frequently diagnosed cancer among men worldwide, and is also the leading cause of 
cancer-related deaths among women in China1,2. Platinum-based chemotherapy has been found to provide a 
survival benefit for patients with advanced lung cancer; however, most patients do not survive longer than 1 
year3. In the last decade, the discovery of EGFR mutations and subsequent therapies targeting this receptor have 
changed the treatment patterns and outcomes of non-small cell lung cancer (NSCLC)4,5. The two most common 
EGFR mutations are an exon 19 deletion and L858R point mutation, which account for 80–90% of all EGFR 
mutations6. Those two mutations are generally considered sensitive mutations that exhibit a favorable response to 
tyrosine kinase inhibitors (TKIs)7–12. Several studies have reported that advanced NSCLC patients with the L858R 
mutation had a shorter overall survival (OS) and/or progression-free survival (PFS) following EGFR TKI therapy 
compared to those with EGFR exon 19 deletion13–15. In addition, the LUX-Lung 3 and LUX-Lung 6 trials showed 
a benefit in OS for patients with exon 19 deletion with the use of afatinib, but no benefit in OS for patients with the 
L858R mutation16. Therefore, we summarized the clinical data of patients who harbored the L858R mutation to 
directly compare the efficacy of first-line TKIs and chemotherapy for NSCLC patients with the L858R mutation.

Results
Patient characteristics.  A total of 245 NSCLC patients harboring the L858R mutation with treatment and 
survival details were included in this analysis, of which 118 patients received EGFR TKIs as first-line therapy, 
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whereas 127 patients received chemotherapy as first-line therapy. Demographic data of all of the patients are 
shown in Table 1.

Efficacy.  The PFS for patients who received chemotherapy or TKIs as first-line therapy were 5.62 months (95% 
CI: 4.84–6.40) and 10.95 months (95% CI: 9.41–12.50), respectively (adjusted hazard ratio [HR] =​ 0.44, 95% CI: 
0.32–0.59, P <​ 0.001) (Fig. 1A). Subgroup analyses showed that first-line TKI therapy led to a longer PFS among 
non-smokers (adjusted HR =​ 0.41, 95% CI: 0.29–0.57, P <​ 0.001), male (HR =​ 0.49, 95% CI: 0.31–077, P =​ 0.002), 

Characteristic EGFR TKIs (n = 118) Chemotherapy (n = 127) P

Median age (range) 67 (30–86) 61 (34–81)

  ≥​65 67 (56.8%) 42 (33.1%) <​0.001

  <​65 51 (43.2%) 85 (66.9%)

Gender

  Male 51 (43.2%) 67 (52.8%) 0.136

  Female 67 (56.8%) 60 (47.2%)

Smoking status

  Smoker 22 (18.6%) 36 (28.3%) 0.074

  Never-smoker 96 (81.4%) 91 (71.7%)

Histology

  Adeno 109 (92.4%) 105 (82.7%) 0.023

  Others 9 (7.6%) 22 (17.3%)

Types of EGFR TKI

  Erlotinib 31 (26.3%)

  Gefitinib 63 (53.4%)

  Icotinib 24 (20.3%)

Subsequent EGFR TKIs therapy

  Yes 115 (90.6%)

  No 12 (9.4%)

Table 1.  Demographic data of all patients. Abbreviation: EGFR, epidermal growth factor receptor; TKIs, 
tyrosine kinase inhibitors.

Figure 1.  Comparison of progression-free survival (PFS) and overall survival (OS). (A) Kaplan–Meier 
survival curves for PFS analysis between first-line TKI therapy and chemotherapy. (B) Kaplan–Meier survival 
curves for OS analysis between first-line TKI therapy and chemotherapy. TKI, tyrosine kinase inhibitor.
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female (HR =​ 0.39, 95% CI: 0.26–0.58, P <​ 0.001), and patients with adenocarcinoma histology (HR =​ 0.41, 95% 
CI: 0.30–0.57, P <​ 0.001). However, among patients with non-adenocarcinoma histology and those with a smok-
ing history, first-line TKI therapy failed to demonstrate a statistically longer PFS compared to first-line chemo-
therapy. The adjusted HRs were 1.11 (95% CI: 0.43–2.88) and 0.55 (95% CI: 0.28–1.10), respectively (Fig. 1B). The 
OS for patients receiving chemotherapy or TKIs as first-line therapy was 23.13 months (95% CI: 19.87–26.39) 
and 27.70 months (95% CI: 22.58–32.81), respectively (adjusted HR =​ 0.73, 95% CI: 0.54–1.06, P =​ 0.097, Fig. 2).

Discussion
The efficacy of EGFR TKIs varies among different EGFR mutations17. The association of first-line EGFR TKI 
therapy for advanced NSCLC patients with a specific EGFR mutation genotype remains unclear. In this study, 
we compared the efficacy of EGFR TKIs and chemotherapy as first-line therapy in patients with the L858R point 
mutation. The results demonstrated that EGFR TKIs led to a longer PFS compared to chemotherapy among these 
patients. Previously, a meta-analysis assessed the effects of EGFR TKI for the treatment of patients with the L858R 
point mutation, and the results were similar to those found in the present study18; however, the study did not 
make subgroup analyses of this population. In the current study, subgroup analyses showed that among smoker 
and non-adenocarcinoma patients with the L858R point mutation, the PFS of first-line chemotherapy and TKI 
therapy cohorts were not significantly different.

According to a previous study, smoking status is an independent predictive factor of EGFR TKI treatment 
outcome in NSCLC patients with sensitive EGFR mutations19. Patients who never smoked have a better survival 
outcome after EGFR TKI therapy compared to those with a smoking history20. It has been reported that lung 
cancer in smokers has multiple genetic alterations that are associated with smoking, such as the activation of AKT 
and ERK signaling pathways21, and those alterations mediate the resistance to EGFR TKIs22. In the present study, 
among the L858R-positive patients with a smoking history, first-line EGFR TKI failed to result in a statistically 
longer PFS compared to first-line chemotherapy. EGFR mutations can also be detected in nonadenocarcinoma. 
Specifically, several previous reports have shown that EGFR mutations can be detected in 35.1–44.0%, 3.9–10.0%, 
and 11.5–14.3% of patients with adenosquamous carcinoma, squamous cell carcinoma and large cell carcinoma, 
respectively23–25. The results of our prospective multicenter study (IGNITE study) demonstrated that in an Asian 
population with lung squamous cell carcinoma, the EGFR mutation frequency was 10%26. However, in this pop-
ulation, the efficacy of EGFR TKIs seemed to be inferior than that in patients with adenocarcinoma histology. 
A pooled analysis identified EGFR mutation-positive patients in all clinical reports that contained advanced 
non-adenocarcinoma NSCLC patients harboring EGFR mutations who were treated with gefitinib27, and the 
PFS of those 19 EGFR mutated non-adenocarcinoma patients was 3.0 months which was less than the PFS of 
adenocarcinoma patients reported in previous reports7–12. In the current study, for L858R-positive patients with 
non-adenocarcinoma histology, first-line TKI therapy failed to result in a longer PFS compared to chemotherapy.

Results from the LUX-Lung 3 and LUX-Lung 6 trials showed a benefit in OS for patients with EGFR 
del19-positive lung adenocarcinoma with the use of afatinib, but the drug did not result in significant improve-
ments in OS compared to conventional chemotherapy in patients with the L858R mutation16. Similarly, in the 
present study, the OS for L858R-positive patients receiving chemotherapy or TKIs as first-line therapy were also 
not significantly different. However, although the results were not statistically significant, the cohort receiving 
first-line TKI seemed to respond better than those receiving first-line chemotherapy, based on Kaplan–Meier 

Figure 2.  Forest plot of progression-free survival (PFS) by clinical characteristics. First-line TKI therapy 
versus first-line chemotherapy among patients with different clinical characteristics. TKI, tyrosine kinase 
inhibitor.
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curves for OS and PFS. The high crossover rate to second-line or third-line EGFR TKI therapy in the first-line 
chemotherapy cohort can explain the failure to achieve a statistically longer OS in the first-line EGFR TKI therapy 
cohort. In the present study, 115 of 127 patients in the first-line chemotherapy cohort received subsequent EGFR 
TKI therapy. In other words, the PFS benefit of first-line TKIs did not appear to translate into an OS benefit in 
previous clinical trials. This could be partly explained by the subsequent effect of EGFR TKI therapy on OS. The 
OPTIMAL study’s final OS results demonstrated that the median OS between the first-line erlotinib arm and the 
first-line chemotherapy arm was similar28. According to the in-depth analysis of the OPTIMAL study, 36.6% of 
patients with common mutations who received first-line erlotinib did not receive post-study therapy, and 22.2% 
of patients who received chemotherapy did not receive any post-study treatment, which could partly explain why 
the first-line erlotinib arm did not show superiority in OS over the first-line chemotherapy arm. In the EURTAC 
study, the HR of OS for the first-line erlotinib arm versus the first-line chemotherapy arm was 0.92 (95% CI: 
0.63–1.35). Considering the effects of post-study treatments on first-line treatment, after using statistical models 
to control for second line post-study treatment effects, the HR for OS was 0.68 (95% CI: 0.37–1.25)29.

The results of this study should be interpreted while keeping several limitations in mind. The major limitation 
was its retrospective nature. Second, the small sample size in the smoker and non-adenocarcinoma subgroups 
might have affected the statistical analysis.

In conclusion, for NSCLC patients with L858R mutation, first-line TKI therapy provided better survival ben-
efits. However, among non-adenocarcinoma patients and those who smoked, the PFS of first-line chemotherapy 
and TKI therapy cohorts were not significantly different. Considering the retrospective nature of this study, a 
prospective study is needed to confirm the results.

Patients and Methods
Patients.  This study was approved by Institutional Ethics Committee at Shanghai Chest Hospital. All subjects 
or their family members provided written informed consent. All procedures were conducted according to the 
guidelines approved by Institutional Ethics Committee at Shanghai Chest Hospital. We identified and reviewed 
the clinical data of patients who were diagnosed with NSCLC at the Shanghai Chest Hospital between January 
2011 and December 2013. The study followed the tenets of the Declaration of Helsinki for research involving 
human subjects. The inclusion criteria were as follows: (1) patients with stage IV NSCLC (NSCLC staging was 
performed according to the 7th edition of the TNM classification); and (2) patients with the L858R mutation. 
Patients without treatment and survival details were excluded from this analysis. The baseline clinical character-
istics included age at diagnosis, tumor histology, smoking history, and sex.

Clinical Assessments.  EGFR TKIs included icotinib, gefitinib, and erlotinib. Patients were given 150 mg 
erlotinib daily or 250 mg gefitinib daily, whereas patients who were treated with icotinib received 125 mg three 
times daily. Clinical follow-up exams were performed every 4–8 weeks. The duration of the PFS was calculated 
from the date of initiation of EGFR TKI therapy to the date of disease progression or the last follow-up visit. OS 
was measured from the date of diagnosis until the date of death or the last follow-up visit.

Test Method For EGFR Mutations.  DNA was extracted from five serial slices of a 5-μ​m paraffin section 
using the DNA FFPE Tissue Kit (Qiagen, Hilden, Germany). The highly sensitive method termed Amplification 
Refractory Mutation System (ARMS) was used to detect mutations in the EGFR gene according to the manufac-
turer’s protocol of the DxS EGFR mutation test kit (DxS)30.

Statistical Methods.  Demographic and clinical data are summarized as medians with ranges for continuous  
variables, and categorical variables are expressed as the means of absolute and percentage numbers. PFS and OS 
were summarized as median values and two-sided 95% confidence interval (CI), and were analyzed with the 
Kaplan–Meier method. Any differences between groups were identified with the log-rank test. Statistical signifi-
cance was defined as P <​ 0.05. SPSS software, version 22 (SPSS Inc., Chicago, IL, USA) was used for all statistical 
analyses.

References
1.	 Torre, L. A., Bray, F., Siegel, R. L., Ferlay, J., Lortet-Tieulent, J. & Jemal, A. Global Cancer Statistics, 2012. CA Cancer J Clin. 65, 

87–108 (2015).
2.	 Chen, W., Zheng, R., Zeng, H., Zhang, S. & He, J. Annual report on status of cancer in China, 2011. Chin J Cancer Res. 27, 2–12 

(2015).
3.	 Sacher, A. G., Le, L. W., Lau, A., Earle, C. C. & Leighl, N. B. Real-World Chemotherapy Treatment Patterns in Metastatic Non-Small 

Cell Lung Cancer: Are Patients Undertreated? Cancer. 121, 2562–2569 (2015).
4.	 Lynch, T. J. et al. Activating mutations in the epidermal growth factor receptor underlying responsiveness of non-small cell lung 

cancer to gefitinib. New Engl J Med. 350, 2129–2139 (2004).
5.	 Kris, M. G. et al. Using multiplexed assays of oncogenic drivers in lung cancers to select targeted drugs. JAMA. 311, 1998–2006 

(2014).
6.	 Shi, Y. et al. A prospective, molecular epidemiology study of EGFR mutations in Asian patients with advanced non-small-cell lung 

cancer of adenocarcinoma histology (PIONEER). J Thorac Oncol. 9, 154–162 (2014).
7.	 Maemondo, M. et al. Gefitinib or chemotherapy for non-small-cell lung cancer with mutated EGFR. N Engl J Med. 362, 2380–2388 

(2010).
8.	 Mitsudomi, T. et al. Gefitinib versus cisplatin plus docetaxel in patients with non-small-cell lung cancer harbouring mutations of the 

epidermal growth factor recep-tor (WJTOG3405): an open label, randomised phase 3 trial. Lancet Oncol. 11, 121–128 (2010).
9.	 Rosell, R. et al. Erlotinib versus standard che-motherapy 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, 
239–246 (2012).

10.	 Mok, T. S. et al. Gefitinib or carboplatin-paclitaxel in pulmonary adenocarcinoma. N Engl J Med. 361, 947–957 (2009).



www.nature.com/scientificreports/

5Scientific Reports | 6:36371 | DOI: 10.1038/srep36371

11.	 Zhou, C. et al. Erlotinib versus chemotherapy as first-line treatment for patients with advanced EGFR mutation–positive non-small-
cell lung cancer (OPTIMAL, CTONG-0802): a multicentre, open-label, randomised, phase 3 study. Lancet Oncol. 12, 735–742 
(2011).

12.	 Soria, J. C. et al. Gefitinib plus chemotherapy versus placebo plus chemotherapy in EGFR-mutation-positive non-small-cell lung 
cancer after progression on first-line gefitinib (IMPRESS): a phase 3 randomised trial. Lancet Oncol. 16, 990–998 (2015).

13.	 Jackman, D. M. et al. Exon 19 deletion mutations of epidermal growth factor receptor are associated with prolonged survival in non-
small cell lung cancer patients treated with gefitinib or erlotinib. Clin Cancer Res. 12, 3908–3914 (2006).

14.	 Riely, G. J. et al. Clinical course of patients with non-small cell lung cancer and epidermal growth factor receptor exon 19 and exon 
21 mutations treated with gefitinib or erlotinib. Clin Cancer Res. 12, 839–844 (2006).

15.	 Goto, K. et al. A prospective, phase II, open-label study (JO22903) of first-line erlotinib in Japanese patients with epidermal growth 
factor receptor (EGFR) mutation-positive advanced non-small-cell lung cancer (NSCLC). Lung Cancer. 82, 109–114 (2013).

16.	 Yang, J. C. et al. Afatinib versus cisplatin-based chemotherapy for EGFR mutation-positive lung adenocarcinoma (LUX-Lung 3 and 
LUX-Lung 6): analysis of overall survival data from two randomised, phase 3 trials. Lancet Oncol. 16, 141–151 (2015).

17.	 Cheng, C. et al. EGFR Exon 18 Mutations in East Asian Patients with Lung Adenocarcinomas: A Comprehensive Investigation of 
Prevalence, Clinicopathologic Characteristics and Prognosis. Sci Rep. 5, 13959 (2015).

18.	 Zhang, Y. et al. Patients with exon 19 deletion were associated with longer progression-free survival compared to those with L858R 
mutation after first-line EGFR-TKIs for advanced non-small cell lung cancer: a meta-analysis. PLoS One. 9, e107161 (2014).

19.	 Zhang, Y. et al. Impact of smoking status on EGFR-TKI efficacy for advanced non-small-cell lung cancer in EGFR mutants: a meta-
analysis. Clin Lung Cancer. 16, 144–151 (2015).

20.	 Kim, M. H. et al. Impact of cigarette smoking on response to epidermal growth factor receptor (EGFR)-tyrosine kinase inhibitors in 
lung adenocarcinoma with activating EGFR mutations. Lung Cancer. 84, 196–202 (2014).

21.	 Govindan, R. et al. Genomic landscape of non-small cell lung cancer in smokers and never-smokers. Cell. 150, 1121–1134 (2012).
22.	 Hecht, S. S. Lung carcinogenesis by tobacco smoke. Int J Cancer. 131, 2724–2732 (2012).
23.	 Wang, R. et al. Comprehensive investigation of oncogenic driver mutations in Chinese non-small cell lung cancer patients. 

Oncotarget. 6, 34300–34308 (2015).
24.	 Kang, S. M. et al. Identical epidermal growth factor receptor mutations in adenocarcinomatous and squamous cell carcinomatous 

components of adenosquamous carcinoma of the lung. Cancer. 109, 581–587 (2007).
25.	 Rosell, R. et al. Screening for epidermal growth factor receptor mutations in lung cancer. N Engl J Med. 361, 958–967 (2009).
26.	 Han, B. H. et al. Determining the prevalence of EGFR mutations in Asian and Russian patients with advanced non-small-cell lung 

cancer (ANSCLC) of adenocarcinoma (ADC) and non-ADC histology: Ignite study. Ann Oncol. 26, i29–i30 (2015).
27.	 Shukuya, T. et al. Efficacy of gefitinib for non-adenocarcinoma non-small-cell lung cancer patients harboring epidermal growth 

factor receptor mutations: a pooled analysis of published reports. Cancer Sci. 102, 1032–1037 (2011).
28.	 Zhou, C. C. et al. Final overall survival results from a randomised, Phase III study of erlotinib versus chemotherapy as first-line 

treatment of EGFR mutation-positive advanced non-small-cell lung cancer (OPTIMAL, CTONG-0802). Ann Oncol. 26, 1877–1883 
(2015).

29.	 Leon, L., Golsorkhi, A., Liu, S., Drozdowskyj, A. & Rosell, R. Overall survival analyses of first-line erlotinib versus chemotherapy in 
the EURTAC study population controlling for the use of post-study therapy. Eur Soc Med Oncol Meet, Madrid, Spain, 27 September, 
(Poster 1273).

30.	 Zhang, Q., Zhu, L. & Zhang, J. Epidermal growth factor receptor gene mutation status in pure squamous-cell lung cancer in Chinese 
patients. BMC Cancer. 15, 88 (2015).

Acknowledgements
This work was supported by Key Projects of the Biomedicine Department, Science and Technology Commission 
of Shanghai Municipality (Project No. 11411951200). The funders played no role in the study design, data 
collection and analysis, decision to publish, or preparation of the manuscript.

Author Contributions
J.X. and H.Y. designed this study, analyzed the data and wrote the main manuscript. D.W., Y.L., B.J., X.Z., H.Z., 
Y.Z. and H.W. collected the clinical data. B.H. designed and directed the overall project. All authors reviewed the 
manuscript.

Additional Information
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Xu, J. et al. EGFR tyrosine kinase inhibitors versus chemotherapy as first-line therapy 
for non-small cell lung cancer patients with the L858R point mutation. Sci. Rep. 6, 36371; doi: 10.1038/
srep36371 (2016).
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

This work is licensed under a Creative Commons Attribution 4.0 International License. The images 
or other third party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, 
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit http://creativecommons.org/licenses/by/4.0/
 
© The Author(s) 2016

http://creativecommons.org/licenses/by/4.0/

	EGFR tyrosine kinase inhibitors versus chemotherapy as first-line therapy for non-small cell lung cancer patients with the  ...
	Results

	Patient characteristics. 
	Efficacy. 

	Discussion

	Patients and Methods

	Patients. 
	Clinical Assessments. 
	Test Method For EGFR Mutations. 
	Statistical Methods. 

	Acknowledgements
	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ Comparison of progression-free survival (PFS) and overall survival (OS).
	﻿Figure 2﻿﻿.﻿﻿ ﻿ Forest plot of progression-free survival (PFS) by clinical characteristics.
	﻿Table 1﻿﻿. ﻿ Demographic data of all patients.



 
    
       
          application/pdf
          
             
                EGFR tyrosine kinase inhibitors versus chemotherapy as first-line therapy for non-small cell lung cancer patients with the L858R point mutation
            
         
          
             
                srep ,  (2016). doi:10.1038/srep36371
            
         
          
             
                Jianlin Xu
                Haitang Yang
                Bo Jin
                Yuqing Lou
                Yanwei Zhang
                Xueyan Zhang
                Hua Zhong
                Huiming Wang
                 Dan Wu
                Baohui Han
            
         
          doi:10.1038/srep36371
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 The Author(s)
          10.1038/srep36371
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep36371
            
         
      
       
          
          
          
             
                doi:10.1038/srep36371
            
         
          
             
                srep ,  (2016). doi:10.1038/srep36371
            
         
          
          
      
       
       
          True
      
   




