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Lung cancer (LC) carries a high mortality and has a 5-year 
survival of around 15% (1). Chronic obstructive pulmonary 
disease (COPD) has a 10% prevalence, also involving high 
mortality rates (2). Both entities have a series of common 
characteristics (3). The first, their high mortality, with 
important associated comorbidity. In addition, both diseases 
share underlying etiologies such as tobacco, gene expressions, 
environmental factors and inflammation. COPD has proven 
to be a common comorbidity in patients with LC, with a 
very variable prevalence among studies, ranging between 
28% and 40%, due mainly to methodological differences 
in the definition of COPD, the null differentiation in 
some cases with the existence of emphysema, and the high 
underdiagnosis of this disease, both in patients with LC and 
in the general population (4). Also, emphysema is present in 
more than 45% of LC cases (4).

Evidence of an association between COPD and the 
development of LC has been observed in several studies, 
describing an increase in the incidence and mortality of LC 
in patients with airflow obstruction (5). Several subsequent 
studies have confirmed this fact, with an increase of between 
2 and 4 times in the risk of developing LC (6). This higher 
mortality may be also related to the fact than when airflow 
is below (FEV1 <30%) it is not recommended any surgical 
procedure for LC patients. 

Most studies show that adenocarcinoma is the leading 
histological kind of LC (7). However, squamous LC and 
small-cell LC (SCLC) still are more prevalent in patients 

with underlying COPD and emphysema, probably because 
of smoking (8). Tobacco affects SCLC risk in COPD 
patients, compared with controls. Also, COPD status has 
been independently associated with the odds of developing 
SCLC after adjusting for age, gender, and tobacco (8). 
Patients with emphysema have a higher risk of squamous 
carcinoma, even after adjusting for age, sex, COPD, and 
smoking history (8-10).

Any tobacco history is frequent among patients with 
COPD, emphysema or LC. Young et al. (6) found that 
COPD prevalence was of 50% amongst LC patients, 
so they suggested that if 20% of smokers could develop 
COPD and 10% of smokers could develop LC, then, with 
that prevalence of 50%, one out of four COPD-smoking 
patients might develop LC. This agrees with the fact that 
85% of LC occur in smokers, and 95% of LC occurs in 
COPD-smoking patients (6).

A i r w a y  c h r o n i c  i n f l a m m a t i o n  i s  o n e  o f  t h e 
pathophysiological mechanisms that plays a key role in the 
amplification of the initial mutagenic response of LC. It 
is possible that persistent airway inflammation in COPD 
patients induces alterations in the bronchial epithelium that 
favor carcinogenesis (11). Also, an excess in the production 
of oxygenated and nitrogenous radicals could induce 
structural and functional modifications in lipids, proteins 
and DNA, thus negatively affecting the signaling cascades 
and metabolic pathways dependent on them. Several 
studies have found high levels of oxidants and decreased 
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antioxidants in tissues (12). In addition, epigenetic 
alterations play a role in LC development. To date, many 
genes are suspected to play a role in the appearance of LC, 
such as CYP1A1, CYP2D6, CYP2A6, CYP2C9, CYP3A4 
and CYP2E1, GSTM1, GSTT1 and GSTP (13). Deletion of 
genes such as GSTM1 and GSTT1 also increase the risk of 
LC (13). 

Until now, it is unclear how metabolic pathways having 
a role in tobacco carcinogenesis might differently affect 
COPD onset and LC onset in the former patients. To 
have a clearer picture on the LC onset in COPD patients 
it would be relevant to differentiate the importance 
of carcinogenic-related pathways from those related 
with chronic inflammation. To do this, it would be very 
interesting to have powerful studies based in COPD 
which are never smokers and how LC is developed in this 
subpopulation. Due to the low incidence of COPD in never 
smokers, these studies are not currently available but would 
provide important insights on how LC arises from COPD. 

There is an increasing interest in performing multi-omic 
approaches to LC development. Studies to date suggest 
that non-small cell LC (NSCLC) consists of epithelial cells 
which have been genetically altered, showing transcription 
alterations, which might be the trigger to cancer initiation (14).  
Other studies state that protein profiles identified in the 
bronchoalveolar lavage of patients with COPD, COPD 
+ LC, LC and controls, might help to understand the 
relationship between LC and COPD, providing potential 
new biomarkers for LC early diagnosis (15). It is known that 
lung tumors in COPD patients have different methylated 
and expressed genes than patients without COPD (16).  
Some works have even developed a genome-wide 
transcriptome map of NSCLC based on gene expressions in 
lung tumors and epithelia cells of the lung (17). 

A tumor is defined not only of carcinogen cellularity, 
but is also made of stromal cells around (14). This stromal 
environment is composed of microorganisms, white cells, 
fibroblasts, pericytes, endothelial cells, stromal nerves 
and adipocytes, as well as the extracellular matrix (18). 
The belief that tumors relate to their microenvironment 
is becoming increasingly important, as extracellular 
ma t r i x  (ECM)  and  s t roma  may  promote  tumor 
progression (18). In fact, senescent human fibroblasts 
have shown to stimulate both malignant and premalignant 
epithelial cells to proliferate, thus playing an active 
role in tumor cell recruitment, growth and spread (14).  
Also, abnormal ECM is a common feature in COPD, 
since elevated elastolytic proteases disrupt the ECM in this 

disease (14).
Sandri et al. have recently published the study “Multi-

omic molecular profiling of lung cancer in COPD” (14). They 
conducted a multi-omic analysis to identify gene expression 
patterns that distinguish COPD stroma in patients with or 
without LC, including samples of tumor and adjacent tissues 
from 32 cases with adenocarcinoma and COPD and lung 
samples from 32 individuals with COPD without LC, and 
they analyzed transcriptome, translatome and proteomic 
data in them. They included quantitative mass spectrometry 
proteomics along with RNASeq in total cytoplasmic 
mRNA (transcriptomics) and polysomal-associated mRNA 
(translatomics).

They found that predictive variables associated with 
the tumor, compared to adjacent stroma were mainly 
represented in the transcriptomic data, whereas, predictive 
variables associated with adjacent tissue compared to 
controls were represented at the translatomic level. Also, 
they found that the ECM and PI3K-Akt signaling pathway 
was potentially pre-malignant, as its over-representation 
was habitual in the tumor and adjacent tissue but not in 
controls. 

This study has two main limitations. First, they have 
assessed tissue samples from lung adenocarcinoma, but 
other histological types that are traditionally associated with 
COPD, such as squamous or SCLC have not been included 
in the study. In addition, controls had graver COPD than 
cases. However, the authors state that the same pathways 
(ECM and PI3K/Akt) were represented in the distinction of 
tumor tissue from matched adjacent tissue, suggesting that 
these are related to carcinogenesis and not COPD severity.

The PI3K/Akt/mTOR pathway stimulation leads to 
the assembly of the eukaryotic translation initiation factor 
4 (eIF4) complex (14). The eIF4 forms a complex that 
enables translation (19). The finding of increased expression 
of eIF4 indicates a likely mechanism responsible for the 
immune response, being the gene for eIF4 amplified in 
about 40% of squamous cell lung carcinomas (19). Some 
studies hypothesize that gene amplification of eIF-4 causes 
elevated protein expression that elicits an immune response 
to eIF4 in the patient (19). Therefore, eIF4 can serve both as 
a genetic marker in the form of gene amplification and as an 
immunologic marker in the form of an antibody response (19).  
However, information about the role of AKT in COPD is 
scarce. It seems that PTEN is a negative regulator of AKT, 
and that there is a loss of PTEN in stromal fibroblasts, due 
to a single nucleotide polymorphism (SNP) of PTEN. This 
might be the link between COPD and LC development (14).
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The study by Sandri et al. provides new information 
about the characterization of patients with COPD and LC, 
underlying the importance of transcriptomic, translatomic 
and proteomic data, and stablishing ECM and PI3K-Akt as 
potential premalignant pathways.

There is increasing evidence about the existence of 
several genetic alterations which lead to the development 
of LC, in general population but also in COPD patients. 
In fact, LC is no longer defined solely by its histological 
type and its stage. Molecular characterization of NSCLC 
is becoming increasingly important with the advent of 
molecular testing (as tumors harboring somatic mutations 
in genes such as epidermal growth factor receptor-
EGFR, anaplastic lymphoma kinase-ALK, or ROS1 have 
shown better responses to new targeted therapies) and 
immunotherapy (20). In addition, progress is being made 
through the spreading use of liquid biopsies and massive 
genetic sequencing. With the arrival of new treatments 
targeting tumor-stroma interactions, multi-omic approaches 
of lung carcinogenesis in COPD patients are necessary 
to deepen in tumor progression and response to therapy. 
Therefore, genome-wide approaches are necessary to 
understand the complexity of carcinogenesis, specifically on 
COPD population, as they are those subjects with a greater 
probability of benefiting from computed tomography 
screening of LC. Nevertheless,  we must continue 
deepening in the relationship between COPD and LC, on a 
combined approach, based on clinical, functional, analytical, 
radiological, and multi-omic features.

Acknowledgements

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest 
to declare. 

References

1.	 Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer 
incidence and mortality worldwide: sources, methods 
and major patterns in GLOBOCAN 2012. Int J Cancer 
2015;136:E359-86. 

2.	 Miravitlles M, Soler-Cataluña JJ, Calle M, et al. Spanish 
Guidelines for Management of Chronic Obstructive 
Pulmonary Disease (GesEPOC) 2017. Pharmacological 

Treatment of Stable Phase. Arch Bronconeumol 
2017;53:324-35. 

3.	 Durham AL, Adcock IM. The relationship between 
COPD and lung cancer. Lung Cancer 2015;90:121-7. 

4.	 Mouronte-Roibás C, Leiro-Fernández V, Fernández-Villar 
A, et al. COPD, emphysema and the onset of lung cancer. 
A systematic review. Cancer Lett 2016;382:240-4.  

5.	 Wasswa-Kintu S, Gan WQ, Man SF, et al. Relationship 
between reduced forced expiratory volume in one second 
and the risk of lung cancer: a systematic review and meta-
analysis. Thorax 2005;60:570-5.

6.	 Young RP, Hopkins RJ, Christmas T, et al. COPD 
prevalence is increased in lung cancer, independent of age, 
sex and smoking history. Eur Respir J 2009;34:380-6. 

7.	 Leiro-Fernández V, Mouronte-Roibás C, Ramos-
Hernández C, et al. Changes in clinical presentation 
and staging of lung cancer over two decades. Arch 
Bronconeumol 2014;50:417-21.  

8.	 Mouronte-Roibás C, Leiro-Fernández V, Ruano-Raviña 
A, et al. Chronic Obstructive Pulmonary Disease in Lung 
Cancer Patients: Prevalence, Underdiagnosis, and Clinical 
Characterization. Respiration 2018;95:414-21. 

9.	 Smith BM, Schwartzman K, Kovacina B, et al. Lung 
cancer histologies associated with emphysema on 
computed tomography. Lung Cancer 2012;76:61-6.  

10.	 Abal Arca J, Parente Lamelas I, Almazán Ortega R, et al. 
Lung cancer and COPD: a common combination. Arch 
Bronconeumol 2009;45:502-7.

11.	 Álvarez FV, Trueba IM, Sanchis JB, et al. 
Recommendations of the Spanish Society of Pneumology 
and Thoracic Surgery on the diagnosis and treatment of 
non-small-cell lung cancer. Arch Bronconeumol 2016;52 
Suppl 1:2-62. 

12.	 Barreiro E, Fermoselle C, Mateu-Jimenez M, et al. 
Oxidative stress and inflammation in the normal airways 
and blood of patients with lung cancer and COPD. Free 
Radic Biol Med 2013;65:859-71.  

13.	 Ruano-Ravina A, Pereyra MF, Castro MT, et al. Genetic 
susceptibility, residential radon, and lung cancer in a radon 
prone area. J Thorac Oncol 2014;9:1073-80. 

14.	 Sandri BJ, Kaplan A, Hodgson SW, et al. Multi-omic 
molecular profiling of lung cancer in COPD. Eur Respir J 
2018;52. 

15.	 Pastor MD, Nogal A, Molina-Pinelo S, et al. Identification 
of proteomic signatures associated with lung cancer and 
COPD. J Proteomics 2013;89:227-37.  

16.	 Wauters E, Janssens W, Vansteenkiste J, et al. DNA 
methylation profiling of non-small cell lung cancer reveals 



S217Translational Lung Cancer Research, Vol 7, Suppl 3 September 2018

© Translational lung cancer research. All rights reserved.   Transl Lung Cancer Res 2018;7(Suppl 3):S214-S217tlcr.amegroups.com

a COPD-driven immune-related signature. Thorax 
2015;70:1113-22. 

17.	 Fujii T, Dracheva T, Player A, et al. A preliminary 
transcriptome map of non-small cell lung cancer. Cancer 
Res 2002;62:3340-6.  

18.	 Spaw M, Anant S, Thomas SM. Stromal contributions to 
the carcinogenic process. Mol Carcinog 2017;56:1199-213.  

19.	 Bauer C, Diesinger I, Brass N, et al. Translation initiation 

factor eIF-4G is immunogenic, overexpressed, and 
amplified in patients with squamous cell lung carcinoma. 
Cancer 2001;92:822-9. 

20.	 Ofiara LM, Navasakulpong A, Beaudoin S, et al. 
Optimizing tissue sampling for the diagnosis, subtyping, 
and molecular analysis of lung cancer. Front Oncol 
2014;4:253. 

Cite this article as: Mouronte-Roibás C, Ruano-Raviña A, 
Fernández-Villar A. Lung cancer and chronic obstructive 
pulmonary disease:  understanding the complexity of 
carcinogenesis. Transl Lung Cancer Res 2018;7(Suppl 3):S214-
S217. doi: 10.21037/tlcr.2018.08.11


