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REVIEWING BASIC SCIENCES

Genetic polymorphisms and non-small-cell lung cancer: 
future paradigms

Polimorfismos genéticos e carcinoma de pulmão de células não pequenas:  
os paradigmas do futuro

Ramon Andrade Bezerra de Mello1

ABSTRACT
This article addresses some current issues about genetic polymorphisms 
studied in the non-small-cell lung cancer translational field. Furthermore, 
it discusses about new potential biomarkers regarding lung cancer risk 
and prognosis.

Keywords: Lung neoplasms; Polymorphism, genetic; Tumor makers, 
biological; Prognosis

RESUMO
O presente artigo faz uma abordagem de questões atuais sobre os 
polimorfismos genéticos, que têm sido objeto de estudo translacional 
no contexto do carcinoma de pulmão de células não pequenas. Além 
disso, discute os novos potenciais biomarcadores de risco e prognóstico.

Descritores: Neoplasias do pulmão; Polimorfismo genético; Marcadores 
biológicos de tumor; Prognóstico

INTRODUCTION
Currently, non-small cell lung cancer (NSCLC) is a 
neoplasm of worldwide importance due to its high 
incidence and mortality.(1) Patients in stage IV according 
to the TNM Classification of Malignant Tumors, of the 
American Joint Cancer Committee (AJCC),(2) have 
a median overall survival (OS) of 10 to 11 months 
after the treatments.(3) In 2011, the group from the 
University of Porto and University of Minho, in 
Portugal, published a review(3) that emphasized various 
studies related to the treatment of the advanced disease 
using treatments directed towards the main molecular 

pathways responsible for the carcinogenesis of NSCLC.(4) 

The epidermal growth factor (EGF) and its receptor, 
EGFR, have been shown to be very significant pathways 
in the carcinogenesis of lung neoplasm. The mutation 
of the EGFR at exons 19 and 21 was recently described 
as a predictor of a good response to the therapeutic 
use of tyrosine kinase inhibitors as a first, second, or 
third line of systemic treatment for advanced NSCLC, 
especially adenocarcinomas in non-smokers and 
Asians.(5-9) Additionally, the vascular endothelial growth 
factor (VEGF) is also intimately related to carcinogenesis 
of NSCLC.(3) Some studies(10-12) showed that certain 
genetic polymorphisms responsible for the regulation 
of the VEGF pathway may be associated with risk and 
prognosis in patients with NSCLC.(13) In this way, the 
objective of this article was to briefly review important 
aspects related to the main target-therapies approved 
for treating advanced NSCLC and potential biomarkers.

TARGET THERAPIES
Vascular endothelial growth factor 
In 2009, the AVAiL study was very important for the 
approval, in Europe and the United States, of the use 
of bevacizumab, a monoclonal antibody against VEGF, 
in advanced-stage NSCLC.(14) Nevertheless, posterior 
analysis of these results implied discontinuation of 
bevacizumab in advanced NSCLC since the cost-benefit 
association was not confirmed as to an increase in OS 
(only about 2 months), according to the European 
Medicines Agency (EMA).(15)
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Epidermal growth factor
In 2010, other studies(4) demonstrated the superiority of 
geftinib, an EGFR tyrosine kinase inhibitor as first line 
treatment of patients with advanced NSCLC, presenting 
with EGFR mutation at exons 19 and 21. Since then, there 
has been a great advance in the treatment results of these 
patients. The EGFR tyrosine kinase inhibitors showed 
excellent results as to longer OS in stage-IV patients, 
mutated EGFR, and especially Asian non-smokers.(4)

EML4-ALK Fusion
The fusion of EML4-ALK (echinoderm microtubule-
associated protein-like 4 – anaplastic lymphoma kinase) 
was identified as having a significant role in the clinical 
management of a small subgroup of patients (about 6%) 
with NSCLC, especially adenocarcinomas, who were non-
smokers and young.(16-19) Some studies in this regard,(16,17,20-23) 
although yet with small number of patients, demonstrated 
that crizotinib, an ALK tyrosine kinase inhibitor, showed 
an excellent overall response (approximately 57%) to 
treatment in EML4-ALK-positive patients with advanced 
disease.(16,17,20-23) Thus, the role of EML4-ALK and of 
crizotinib seems to be promising within this context, 
although broader Phase II studies are necessary to 
establish, with detail, all these aspects. 

BIOMARKERS AND GENETIC POLYMORPHISMS 
There is, however, a great need to try to stratify patients 
using biomarkers related specifically to the risk of 
developing the neoplasm and to the prognosis in various 
stages. Nevertheless, a few practical questions also arise: 
to what extent is it possible to obtain biological samples for 
biomarker investigation? Are there plausible instruments 
for intervention in this stratified population? Can these 
approaches, in fact, influence the clinical progression of 
these patients? Currently, by the recommendations of the 
National Cancer Comprehensive Network (NCCN), in the 
United States, approve the use for low-dose computed axial 
tomography (CAT) of the chest to trace lung carcinoma 
in individuals aged over 55 years and a smoking load of 
more than 30 pack-years (PYs).(24) In 2012, in Portugal, 
our group was able to demonstrate an association between 
the susceptibility of the NSCLC and genetic polymorphism 
of EGF+61 A/G.(25) Considering that the determination 
of this genetic polymorphism consists of a low-cost and 
practical test, since it is obtained from peripheral blood 
samples, we believe that the use of this biomarker may 
be useful in the future for improving tracking of lung 
carcinoma, optimizing the selection of patients elegible 
for low-dose chest CAT, and consequently, the financial 

resources available for this imaging test. On the other 
hand, we also know that the evaluation of germinating line 
genetic polymorphisms is performed by DNA extraction 
of peripheral blood using complete blood count (CBC) 
tubes containing EDTA (ethylenediaminetetraacetic 
acid). Thus, the implementation of certain genetic 
polymorphisms in clinical practice is extremely practical 
and feasible, with the potential to generate great benefit 
for the patients considered.(26,27) Keeping these aspects 
in mind, a strong new trend in studies arises, which 
tries to investigate the role of genetic polymorphisms as 
prognostic biomarkers for NSCLC. Those that stand 
out are the pathways linking VEGF and the CLPTM1L 
(cleft lip palate transmembrane-like receptor 1).(3,28) By 
means of genome wide association studies (GWAS,) 
polymorphic variants of susceptibility to lung cancer 
were detected in chromosomes 5p15.33, 6p21, and 
15q25.(28) Specifically, the variants rs2736100, located at 
intron 2 of telomerase reverse transcriptase (TERT) and 
rs401681 of CLPTM1L C/T, in 5p15.33, are associated 
with lung adenocarcinomas.

Therefore, from this point on, genetic polymorphisms 
have become an emphasized theme in translational 
studies, with the objective of creating a bridge between 
basic research and clinical applicability for the study of 
NSCLC in several European and worldwide centers. 

CONCLUSION
Finally, the clinical and therapeutic approaches of lung 
cancer have had great advances over the last few 
decades by means of translational studies that identified 
predictive biomarkers already established in clinical 
practice, such as the of EGFR mutation and the of 
ALK-EML4 fusion. These are associated with the choice 
of target therapies, such as erlotinib, gefitinib and, more 
recently, crizotinib. In the future, new biomarkers should 
appear with the use of certain polymorphic variations 
of the germinative line, such as EGF+61 A/G,VEGF – 
460 C/T, and CLPTM1L C/T, as biomarkers of risk and 
prognosis of non-small cell lung cancer, and may be an 
additional help to clinical oncologists during treatment of 
these patients. Nevertheless, prospective and randomized 
studies are still necessary to validate the potential value 
of these findings. 
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