
September 2017 | Volume 7 | Article 1941

Review
published: 01 September 2017
doi: 10.3389/fonc.2017.00194

Frontiers in Oncology | www.frontiersin.org

Edited by: 
Miguel Angel Villalona,  

Baptist Health South Florida,  
United States

Reviewed by: 
Rachel E. Sanborn,  

Providence Cancer Center,  
United States  

Yuhchyau Chen,  
University of Rochester Medical 

Center, United States

*Correspondence:
Humam Kadara 

hk94@aub.edu.lb

†Equally contributing co-first authors.

Specialty section: 
This article was submitted to 

Thoracic Oncology,  
a section of the journal  

Frontiers in Oncology

Received: 18 May 2017
Accepted: 14 August 2017

Published: 01 September 2017

Citation: 
Rahal Z, El Nemr S, Sinjab A, 

Chami H, Tfayli A and Kadara H 
(2017) Smoking and Lung Cancer:  

A Geo-Regional Perspective. 
Front. Oncol. 7:194. 

doi: 10.3389/fonc.2017.00194

Smoking and Lung Cancer:  
A Geo-Regional Perspective
Zahraa Rahal1†, Shaza El Nemr2†, Ansam Sinjab2, Hassan Chami3, Arafat Tfayli3  
and Humam Kadara2,4*

1 Faculty of Arts and Sciences, Department of Biology, American University of Beirut, Beirut, Lebanon, 2 Faculty of Medicine, 
Department of Biochemistry and Molecular Genetics, American University of Beirut, Beirut, Lebanon, 3 Faculty of Medicine, 
Department of Internal Medicine, American University of Beirut, Beirut, Lebanon, 4 Department of Epidemiology, Division of 
Cancer Prevention, University of Texas MD Anderson Cancer Center, Houston, TX, United States

Lung cancer is the leading cause of cancer-related deaths worldwide. Non-small cell 
lung cancer (NSCLC) represents the most frequently diagnosed subtype of this morbid 
malignancy. NSCLC is causally linked to tobacco consumption with more than 500 
million smokers worldwide at high risk for this fatal malignancy. We are currently lagging 
in our knowledge of the early molecular (e.g., genomic) effects of smoking in NSCLC 
pathogenesis that would constitute ideal markers for early detection. This limitation is 
further amplified when considering the variable etiologic factors in NSCLC pathogenesis 
among different regions around the globe. In this review, we present our current knowl-
edge of genomic alterations arising during early stages of smoking-induced lung cancer 
initiation and progression, including discussing the premalignant airway field of injury 
induced by smoking. The review also underscores the wider spectra and higher age- 
adjusted rates of tobacco (e.g., water-pipe smoke) consumption, along with elevated 
environmental carcinogenic exposures and relatively poorer socioeconomic status, in 
low-middle income countries (LMICs), with Lebanon as an exemplar. This “cocktail” of 
carcinogenic exposures warrants the pressing need to understand the complex etiology 
of lung malignancies developing in LMICs such as Lebanon.

Keywords: lung cancer, smoking, pathogenesis, early detection, prevention, global smoking patterns

SMOKiNG eXPOSURe AND LUNG CANCeR

Lung cancer is the most common malignancy worldwide with 1.8 million new cases and ~1.6  
million deaths in 2012 (1). Lung cancer consists of two main subtypes, small-cell lung cancer 
(SCLC) and non-small cell lung cancer (NSCLC), with the latter accounting for approximately 85%  
of diagnosed lung malignancies (2). The overwhelming majority (~85%) of diagnosed lung cancers 
develop in lifetime (former or current) smokers (3, 4). Despite recent advances in treatment of lung 
cancer (e.g., targeted therapy), the overall prognosis for the disease remains dismal with an estimated 
5-year survival rate in the US of 18% (5). Of note, prognosis of smoker lung cancer patients is 
markedly lower than patients who have never smoked (6, 7). These low survival rates are largely due 
to an advanced stage at diagnosis in the majority of patients (8), and a high relapse rate in patients 
presenting with early-stage disease (9). This conundrum warrants new strategies for early detection 
and prevention of lung cancer, which, to date, have been extremely limited.

Consumption of tobacco (mainly by cigarette smoking) is causally related to lung cancer  
(2, 10). Smoking cessation is an important behavioral measure for lung cancer prevention. Yet, former 
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smokers still exhibit elevated risk compared to never smokers as 
this risk never returns to baseline (11–13). Indeed, almost 50% 
of diagnosed lung cancer cases occur in former smokers (14).  
As such, there are over 500 million smokers worldwide at elevated 
risk of lung disease including cancer (15). It is noteworthy that 
only a fraction (~15%) of smokers develop lung tumors in their 
lifetime (16). We are still unable to identify, with precision, 
smokers at highest risk for developing this malignancy. Notably, 
the National Lung Screening Trial demonstrated a 20% reduc-
tion in mortality with low-dose CT (LDCT) screening (17), and 
guidelines now endorse annual LDCT for those at increased risk 
(18). Yet, high false-positive screen rates, cumulative radiation 
exposure, and substantial economic costs have been associated 
with LDCT screening (2, 19).

This review discusses the early molecular pathology of 
smoking-induced lung cancer. It also explores genomic altera-
tions that have been reported in “normal” (airway field of injury) 
and premalignant phases of NSCLC pathogenesis as well as in 
early-stage disease. Of note, the review will also center on the 
burden of lung cancer and its region-specific epidemiology in 
low-middle income countries (LMICs; e.g., Middle East); where 
tobacco-consumption rates are alarmingly high and still increas-
ing and where tobacco-consumption patterns are diverse.

eARLY SMOKiNG-ASSOCiATeD 
MOLeCULAR CHANGeS iN LUNG 
CANCeR DeveLOPMeNT

Premalignant lung lesions and NSCLCs in smokers share mutual 
molecular alterations that have been reviewed elsewhere (13). 
Studying these premalignant lesions in depth (e.g., by genome-
wide profiling and sequencing) will undoubtedly improve our 
understanding of the early pathobiology of smoking-induced 
lung cancer development. By RNA-sequencing of a relatively 
small set of smoking-associated squamous premalignant and 
malignant lesions, the study by Ooi and colleagues pointed the 
role of aberrant MYC activation in the development and progres-
sion of squamous premalignant lesions following smoking (20). 
Ongoing recent studies have employed whole-exome sequencing 
to characterize recurrent driver mutations implicated in the 
pathogenesis of squamous dysplasias in smokers (21).

The concept of field cancerization was first observed and 
developed by Slaughter, describing sites of neoplasia and histo-
logically adjacent normal-appearing tissue (22, 23). Additional 
studies probed the effects of smoking exposure on cytologically 
normal airway epithelial cells revealing that smoking perpetuates 
airway-wide molecular aberrations signifying a “field of injury” 
phenomenon that is very likely pertinent to lung oncogenesis 
(24–26). This phenomenon referred to as the “airway field of 
injury,” could provide insights into the early pathobiology of lung 
cancer development, and thus, clinical opportunities for early 
detection (e.g., in suspect smokers with indeterminate nodules) 
(12, 27). Various molecular alterations, such as mutations, copy 
number variations and DNA methylation, have been described in 
the smoking-associated airway epithelial field and are reviewed 
elsewhere (13, 28). A seminal study by Spira and colleagues 

underscored smoking-associated genome-wide expression 
changes in the cytologically normal airway (29). Notably, sub-
sequent studies demonstrated the relevance and significance 
of gene expression changes in minimally invasive sites (e.g., 
mainstem bronchus) within the airway field of injury to early 
detection of lung cancer in smokers with suspicion of the disease 
(26, 27, 30, 31). Recent work revealed that the epithelial field of 
lung cancer-associated injury in ever smokers extends to the 
nose and has potential in early lung cancer detection (32). These 
reports provide strong support for the role of the airway field of 
injury in lung cancer development. Analysis of genome-wide 
DNA alterations in the cancerization or injury fields within the 
normal-appearing airway have been limited. The recent study by 
Jakubek and colleagues, utilizing genome-wide SNP arrays along 
with novel sensitive tools for analysis of subtle allelic imbalance, 
revealed loss-of-heterozygosity in driver oncogenes and tumor 
suppressors that are shared between the normal airway and 
NSCLC (33).

SMOKiNG RATeS AND SPeCTRA  
iN LMiCs: CASe OF LeBANON

While non-communicable diseases, particularly cancer, pose 
a significant public health burden in high-income or upper 
middle-income countries, the effect is even more pronounced in 
low-income nations or LMICs. This is largely due to the relatively 
less developed healthcare systems in poorer economies (34). The 
bulk of the growing burden of cancer is sustained by LMIC (1, 35), 
where more than 20 million annual cancer diagnoses are projected 
for 2025 (1, 35). In high-income countries, cancer mortality rates 
reach 46% (36). Alarmingly, these rates are substantially higher 
in LMIC as the majority (~75%) of the nearly 7.5 million annual 
worldwide cancer deaths occur in LMIC (37, 38). These data 
strongly suggest a correlation between cancer survival rates and 
country income. Indeed, some studies have demonstrated dispa-
rate cancer survival rates between countries of different income 
groups or even within the same groups (39). Such geo-regional 
trends are also evident across the most frequently diagnosed type 
of malignancy worldwide, lung cancer, with 58% of the estimated 
1.8 million new cases diagnosed in 2012 occurring in LMIC or 
developing countries (1).

With smoking being directly associated with elevated risk 
of lung cancer, 80% of regions with the highest smoking rates 
among males (70–95%) are in developing countries (40).  
A report by the World Health Organization (WHO) revealed that 
the Middle East is one of only two regions in the world where 
cigarette consumption increased in the past few decades (41). In 
Lebanon, an LMIC within the Middle East, there is high preva-
lence of smoking among male adults with rates in the range of 
50–60% (42) (Figure 1). Women in Lebanon, on the other hand, 
exhibit the highest age-adjusted smoking rates among females in 
middle eastern LMICs (42) (Figure 1). It is noteworthy that, even 
when compared to the US, a higher percentage of women were 
estimated to smoke or have smoked tobacco in Lebanon (43). 
Alarmingly, a recent report indicated that the per capita cigarette 
consumption rate in Lebanon rose by a striking 475% in the last 
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FiGURe 1 | Gender-specific smoking prevalence in the Middle East and North Africa (MENA) region and Lebanon. Upper panel: Projected smoking prevalence of 
any tobacco product for 2020 in the MENA region, expressed as percentage of smokers aged ≥15 years across each gender. Lebanon exhibits the highest 
smoking prevalence among females, and the fourth highest among males. Lower panel: Trend in smoking prevalence of any tobacco product in Lebanon, 
expressed as gender-specific percentage of smokers aged ≥15 years,accompanied by water-pipe prevalence (2009), as well as lung cancer incidence projected for 
2020. Data schematically presented here were obtained from WHO Global Health Observatory Data Repository by country, (45) and (46).
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few decades, the second highest increase globally, placing the 
country as the third worldwide in annual cigarette consumption 
per capita for both genders (44) (Figure 1). Taken together, these 
reports suggest that the high smoking prevalence rates in LMIC 
countries such as Lebanon will undoubtedly lead to a surge in 
lung cancer incidences, with the epidemic of NSCLC most likely 
yet to peak in these countries.

In addition to cigarette smoking, tobacco consumption in 
LMIC, specifically the Middle East and North Africa (MENA) 
region, also include variants such as water-pipe smoking (also 
known as hookah or narghile). This “tobacco smoking device” 
comprises either “tumbâk” (moistened raw tobacco) directly 
burned by charcoal, or “moassal” a fruit-flavored moist tobacco 
covered with aluminum and heated by charcoal (47). It is 
estimated that approximately 100 million people worldwide 
smoke tobacco in this manner using variations of the water-pipe 

(48–50). Water-pipes are used socially, frequently being shared 
among students, family and friends at home, or in dedicated 
cafes and bars (51, 52). A study conducted in the US revealed 
increased prevalence of water-pipe smoking among young adults 
aged between 18 and 24 years (7.8%) relative to the remaining 
adult population (1.5%) (53). In Lebanon, water-pipe smoking is 
more culturally accepted than smoking cigarettes (54), rendering 
the plausible prediction that this cultural acceptance can amplify 
the public health burden of water-pipe especially among the very 
young and adolescents. In addition, in Lebanon and other MENA 
LMICs, it is conceived, albeit wrongly, that water-pipe smoking 
is safer and a non-addictive alternative to cigarette smoking 
(55–57). Remarkably, females in Lebanon report similar epidem-
ics in water-pipe smoking prevalence as in cigarette consump-
tion, where they exhibit the highest rates in the MENA region 
(42, 58). On the other side, the Lebanese youth, aged between 
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13 and 15, also shows a striking water-pipe smoking prevalence 
of 59.5% (59). It is worthwhile to note that water-pipe smoking 
has become an increasing phenomenon worldwide, particularly 
among young adults (41, 49, 60). These worldwide emerging 
trends further accentuate the need to study the effects of water-
pipe smoking on lung pathophysiology, particularly lung cancer. 
Earlier efforts have shed light on potential harmful pathophysi-
ological effects of water-pipe smoking (51, 61–65). Although, 
cigarette smoking was shown to be associated with a significantly 
greater daily nicotine intake in comparison to water-pipe smok-
ing (48), both induced similar cardiovascular effects, specifically 
both exhibited similar effects on systolic blood pressure (48, 66). 
A meta-analysis by Montazeri and colleagues probed a positive 
association between water-pipe smoking and lung cancer by 
performing a systematic search of articles indexed in main bio-
medical databases, published between 1962 and September 2014 
(67). Nevertheless, despite its long history and current revival, 
studies on water-pipe smoking use and effects are generally lim-
ited, and additional harmful agents in water-pipe smoke need to 
be investigated. It is plausible that water-pipe smoking in MENA 
LMIC such as Lebanon may influence the genetic makeup of lung 
cancers in that region, a supposition that is yet to be determined. 
Our understanding of the effect of water-pipe smoking on the 
genome is almost negligible. A recent study by Walters and col-
leagues demonstrated that water-pipe smoking is associated with 
epigenetic changes in the small airway epithelium that translate 
to transcriptional modifications (68). Comprehensive genome-
wide analysis of lung tumors diagnosed in exclusive water-pipe 
smokers may underscore genomic aberrations implicated in 
water-pipe smoking-mediated lung cancer pathogenesis, which 
may be distinct from pathways more typically influenced by 
cigarette smoking.

Although smoking remains the primary risk factor in respira-
tory diseases, up to three million premature deaths worldwide 
have been attributed to air pollution in 2012, 87% of which are 
in LMICs (69). Exposure to ambient air pollution is carcinogenic 
according to WHO’s International Agency for Research on 
Cancer, with particulate matter (PM), a mixture of solid and 
liquid particles of different sizes and chemical profiles suspended 
in the air, being the principal pollutant associated with lung can-
cer incidence (70). People residing in LMICs incur the highest 
burden of outdoor air pollution, in part due to poor solid waste 
management. Indeed, outdoor air pollution is a prominent lung 
cancer risk factor in Lebanon; where, an unprecedented peak in 
air pollution levels was recently reported in the wake of the 2015 
waste management crisis (71). Unauthorized open air incineration 
sites have since emerged in the vicinity of highly populated areas 
in Lebanon as a consequence of the interruption of solid waste 
collection (71). Waste incineration is known to emit an amalgam 
of hazardous pollutants which include PM, greenhouse gases 
(CO2, CH4), sulfur dioxide (SO2), nitrogen oxides (NOx), volatile 
organic compounds, polycyclic aromatic hydrocarbons (PAHs), 
dioxins (polychlorinated dibenzo-dioxins and furans-PCDD/Fs), 
among many others (72–77). Of note, PAHs exposure is highly 
associated with cancer risk, particularly lung cancer (78–81). The 
burden imposed by PAHs is further accentuated by the emissions 
of diesel electric generators used in Lebanon due to inadequate 

power production capacity (82). Among the most carcinogenic 
high molecular weight PAH agents reported is benzo[a]pyrene 
(BaP), a principal constituent of tobacco smoke that is mainly 
incurred by inhalation (70).

A recent study probing levels of hazardous chemical profiles 
directly generated as result of waste incineration in Lebanon 
reported that daily averages of fine PM that can draw deep into 
the lung exceeded the 24-h WHO guidelines (83). Concentrations 
of metal markers of waste burning (lead, cadmium, titanium, 
arsenic, and others) increased by an alarming 98–1,448%, while 
those of 16 toxic PAHs more than doubled, with BaP reaching 2.3 
times the control samples. Seventeen toxic PCDD/Fs were also 
remarkably elevated on a specific day with unparalleled peak of 
incineration and, thus, exposures. Based on these alarming fig-
ures, short-term (2-year) cancer risk from exposure to PCDD/Fs 
and PAHs was estimated to increase from about 1 in one million 
to 20 per million, and further up to 65 cases per million solely due 
to inhalation of PCDD/Fs (83). These estimates are likely to be 
conservative underestimate since they account for acute environ-
mental exposure, through one mean of acquisition: inhalation.

PeRSPeCTive

Lung cancer is causally related to smoking and tobacco con-
sumption. Thus, it cannot be emphasized enough that under-
standing the molecular underpinnings of smoking exposure 
and tobacco consumption will offer invaluable opportunities 
for enhancing our understanding of lung cancer pathogenesis, 
and subsequently, the early detection of this morbid malignancy.  
As discussed above, LMICs such as Lebanon exhibit high 
age-adjusted smoking rates and a wide spectrum of tobacco-
consumption modes (e.g., water-pipes)—let  alone additional 
exposure to carcinogenic environmental pollutants. Thus, it is 
reasonable to speculate that this “cocktail” of exposures, along 
with socioeconomic factors, may incur a high total somatic 
mutational burden due to exposure to various carcinogens from 
multiple sources: cigarettes, water-pipe, and/or ambient pollut-
ants. Indeed, the alarming trends in smoking prevalence, waste 
incineration practices and air quality deterioration project an 
imminent epidemic peak in lung cancer in Lebanon, further 
imposing an additional burden on health care systems. This will 
undoubtedly inflict a heavy toll on the economy of the country 
and of other LMICs. The affected populations in Lebanon and 
other LMICs are undoubtedly worth investigating owing to 
their particular susceptibilities, genetic predisposition, and 
the diversity of mutagens they are exposed to. However, our 
understanding of the acquired genetic changes leading to lung 
cancer remains rudimentary in those developing countries. In 
addition, elucidating the molecular causal links between water-
pipe smoking and lung disease can limit the fashionable use of 
this habit among people of all ages, particularly the youth, once 
data are properly translated into social awareness campaigns. A 
deeper understanding of the socioeconomic reasons leading to 
the alarmingly high tobacco-consumption rates among Lebanese 
women is also urgently warranted.

The complexity of early events underlying lung cancer 
pathogenesis is being countered by the development of 
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affordable “omics”-based technology, therefore enabling faster 
identification of putative biomarkers for improved clinical 
management. Identification of molecular and genomic mecha-
nisms underlying exposure to the multitude of lung carcino-
gens (e.g., cigarettes, water-pipe smoking, air pollutants) will 
allow us to define high-risk groups with better “resolution” 
and derive biomarkers for personalized (chemo)prevention in 
those regions. However, many of these state-of-the-art molecu-
lar and genomic tools remain restricted to specialized research 
laboratories and have yet to become the gold standard for lung 
cancer patients in LMIC, Lebanon being an example. In devel-
oped countries, there have been modest improvements in lung 
cancer awareness efforts, early detection, prevention, and new 
therapeutic strategies, thus, translating into improved survival 
rate. For instance, many western clinical studies have assessed 
the effectiveness of different bronchial gene-expression classi-
fiers in improving the diagnostic performance of bronchoscopy 
in smokers with indeterminate pulmonary nodules (12, 26, 27). 
Molecular markers such as plasma protein levels (84), serum 
microRNA signatures (85, 86) and autoantibodies to lung 
tumor-associated antigens (87–89) were also demonstrated 
to be potential biomarkers for early detection of lung cancer. 
However, these modalities are still very investigational and 
have not been broadly adapted into clinical practice as the 
benefit is still not clear or proven. In sharp contrast, progress in 
clinical and precision-based cancer management in developing 
countries, facing an increase in smoking prevalence compared 
with the promising decline in developed countries, is still 

extremely lagging. Reduced social awareness of the significance 
of early detection and screening added to the financial barriers 
of poverty and stigma, underlie the relatively late cancer diag-
nosis in LMIC. Further, despite the urgent need for immediate 
and large-scale response in developing countries, only trivial 
resources are dedicated toward clinical cancer research and 
control (37, 40, 90).

A resurgence of attention to such topics in future funding 
priorities in LMIC and especially Lebanon will likely improve 
patient outcome by steering healthcare toward improved early 
diagnosis, as well as advancing a roadmap for prevention strate-
gies of air pollution- or tobacco smoking-related diseases. On the 
long run, such approaches will not only act as social promoters 
for a healthier lifestyle, but they will also serve as catalysts for 
decreasing the health and economic burden associated with lung 
cancer, particularly in LMICs.

AUTHOR CONTRiBUTiONS

ZR, SN, and HK conceived the study. HC and AT reviewed the 
manuscript. ZR, SN, AS, and HK wrote the manuscript. All the 
authors approved the final manuscript.

FUNDiNG

Funded in part by National Cancer Institute (NCI) grant 
R01CA205608-01A1 (HK) and by the American University of 
Beirut Medical Physician Practice (MPP) grant.

ReFeReNCeS

1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et  al. 
Cancer incidence and mortality worldwide: sources, methods and major pat-
terns in GLOBOCAN 2012. Int J Cancer (2015) 136(5):E359–86. doi:10.1002/
ijc.29210 

2. Hassanein M, Callison JC, Callaway-Lane C, Aldrich MC, Grogan EL, 
Massion PP. The state of molecular biomarkers for the early detection of lung 
cancer. Cancer Prev Res (Phila) (2012) 5(8):992–1006. doi:10.1158/1940-6207.
CAPR-11-0441 

3. Marshall AL, Christiani DC. Genetic susceptibility to lung cancer – light at the 
end of the tunnel? Carcinogenesis (2013) 34(3):487–502. doi:10.1093/carcin/
bgt016 

4. Young RP, Hopkins RJ, Christmas T, Black PN, Metcalf P, Gamble GD. COPD 
prevalence is increased in lung cancer, independent of age, sex and smoking 
history. Eur Respir J (2009) 34(2):380–6. doi:10.1183/09031936.00144208 

5. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer J Clin (2015) 
65(1):5–29. doi:10.3322/caac.21254 

6. Shepherd FA, Rodrigues Pereira J, Ciuleanu T, Tan EH, Hirsh V,  
Thongprasert S, et  al. Erlotinib in previously treated non-small-cell lung 
cancer. N Engl J Med (2005) 353(2):123–32. doi:10.1056/NEJMoa050753 

7. Wakelee HA, Chang ET, Gomez SL, Keegan TH, Feskanich D, Clarke CA,  
et al. Lung cancer incidence in never smokers. J Clin Oncol (2007) 25(5):472–8. 
doi:10.1200/JCO.2006.07.2983 

8. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013. CA Cancer J Clin 
(2013) 63(1):11–30. doi:10.3322/caac.21166 

9. Molina JR, Yang P, Cassivi SD, Schild SE, Adjei AA. Non-small cell lung 
cancer: epidemiology, risk factors, treatment, and survivorship. Mayo Clinic 
Proc (2008) 83(5):584–94. doi:10.1016/S0025-6196(11)60735-0 

10. Sun S, Schiller JH, Gazdar AF. Lung cancer in never smokers – a different 
disease. Nat Rev Cancer (2007) 7(10):778–90. doi:10.1038/nrc2190 

11. McCaskill-Stevens W, Pearson DC, Kramer BS, Ford LG, Lippman SM. 
Identifying and creating the next generation of community-based cancer 

prevention studies: summary of a national cancer institute think tank. Cancer 
Prev Res (Phila) (2017) 10(2):99. doi:10.1158/1940-6207.CAPR-16-0230 

12. Whitney DH, Elashoff MR, Porta-Smith K, Gower AC, Vachani A,  
Ferguson JS, et al. Derivation of a bronchial genomic classifier for lung cancer 
in a prospective study of patients undergoing diagnostic bronchoscopy. BMC 
Med Genomics (2015) 8:18. doi:10.1186/s12920-015-0091-3 

13. Kadara H, Scheet P, Wistuba II, Spira AE. Early events in the molecular 
pathogenesis of lung cancer. Cancer Prev Res (Phila) (2016) 9(7):518–27. 
doi:10.1158/1940-6207.CAPR-15-0400 

14. Dresler CM, León ME, Straif K, Baan R, Secretan B. Reversal of risk 
upon quitting smoking. Lancet (2006) 368(9533):348–9. doi:10.1016/
S0140-6736(06)69086-7 

15. World Health Organization rfITC. WHO Report on the Global Tobacco 
Epidemic, 2008: The MPOWER Package. Geneva: World Health Organization 
(2008).

16. Furrukh M. Tobacco smoking and lung cancer: perception-changing facts. 
Sultan Qaboos Univ Med J (2013) 13(3):345–58. doi:10.12816/0003255 

17. Church TR, Black WC, Aberle DR, Berg CD, Clingan KL, Duan F, et al. Results 
of initial low-dose computed tomographic screening for lung cancer. N Engl 
J Med (2013) 368(21):1980–91. doi:10.1056/NEJMoa1209120 

18. Midthun DE. Early detection of lung cancer. F1000Res (2016) 5:739. 
doi:10.12688/f1000research.7313.1 

19. O’Connor GT, Hatabu H. Lung cancer screening, radiation, risks, benefits, 
and uncertainty. JAMA (2012) 307(22):2434–5. doi:10.1001/jama.2012.6096 

20. Ooi AT, Gower AC, Zhang KX, Vick JL, Hong L, Nagao B, et al. Molecular 
profiling of premalignant lesions in lung squamous cell carcinomas identifies 
mechanisms involved in stepwise carcinogenesis. Cancer Prev Res (Phila) 
(2014) 7(5):487–95. doi:10.1158/1940-6207.CAPR-13-0372 

21. Campbell J, Zhang X, Dhillon SS, Perdomo C, Mazzilli S, Geshalter Y, et al., 
editors. The genomic landscape of premalignant lung squamous cell carci-
noma lesions (abstract #3259). Proceedings of the 107th Annual Meeting of the 
American Association for Cancer Research; 2017 Apr 1–5; Washington, DC. 
Philadelphia (PA): AACR (2017).

http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
http://www.frontiersin.org/oncology/archive
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1158/1940-6207.CAPR-11-0441
https://doi.org/10.1158/1940-6207.CAPR-11-0441
https://doi.org/10.1093/carcin/bgt016
https://doi.org/10.1093/carcin/bgt016
https://doi.org/10.1183/09031936.00144208
https://doi.org/10.3322/caac.21254
https://doi.org/10.1056/NEJMoa050753
https://doi.org/10.1200/JCO.2006.07.2983
https://doi.org/10.3322/caac.21166
https://doi.org/10.1016/S0025-6196(11)60735-0
https://doi.org/10.1038/nrc2190
https://doi.org/10.1158/1940-6207.CAPR-16-0230
https://doi.org/10.1186/s12920-015-0091-3
https://doi.org/10.1158/1940-6207.CAPR-15-0400
https://doi.org/10.1016/S0140-6736(06)69086-7
https://doi.org/10.1016/S0140-6736(06)69086-7
https://doi.org/10.12816/0003255
https://doi.org/10.1056/NEJMoa1209120
https://doi.org/10.12688/f1000research.7313.1
https://doi.org/10.1001/jama.2012.6096
https://doi.org/10.1158/1940-6207.CAPR-13-0372


6

Rahal et al. Smoking and Lung Cancer in Lebanon

Frontiers in Oncology | www.frontiersin.org September 2017 | Volume 7 | Article 194

22. Slaughter DP, Southwick HW, Smejkal W. Field cancerization in oral stratified 
squamous epithelium; clinical implications of multicentric origin. Cancer (1953) 
6(5):963–8. doi:10.1002/1097-0142(195309)6:5<963::AID-CNCR2820060515> 
3.0.CO;2-Q 

23. DP S. The multiplicity of origin of malignant tumors: collective review.  
Int Abstr Surg (1944) 79:89–98. 

24. Kadara H, Wistuba II. Field cancerization in non-small cell lung cancer: 
implications in disease pathogenesis. Proc Am Thorac Soc (2012) 9(2):38–42. 
doi:10.1513/pats.201201-004MS 

25. Steiling K, Ryan J, Brody JS, Spira A. The field of tissue injury in the lung and 
airway. Cancer Prev Res (Phila) (2008) 1(6):396–403. doi:10.1158/1940-6207.
CAPR-08-0174 

26. Spira A, Beane JE, Shah V, Steiling K, Liu G, Schembri F, et al. Airway epithelial 
gene expression in the diagnostic evaluation of smokers with suspect lung 
cancer. Nat Med (2007) 13(3):361–6. doi:10.1038/nm1556 

27. Silvestri GA, Vachani A, Whitney D, Elashoff M, Porta Smith K, Ferguson JS,  
et  al. A bronchial genomic classifier for the diagnostic evaluation of lung 
cancer. N Engl J Med (2015) 373(3):243–51. doi:10.1056/NEJMoa1504601 

28. Spira A, Halmos B, Powell CA. Update in lung cancer 2014. Am J Respir Crit 
Care Med (2015) 192(3):283–94. doi:10.1164/rccm.201504-0756UP 

29. Spira A, Beane J, Shah V, Liu G, Schembri F, Yang X, et al. Effects of cigarette 
smoke on the human airway epithelial cell transcriptome. Proc Natl Acad Sci 
U S A (2004) 101(27):10143–8. doi:10.1073/pnas.0401422101 

30. Kadara H, Fujimoto J, Yoo SY, Maki Y, Gower AC, Kabbout M, et  al. 
Transcriptomic architecture of the adjacent airway field cancerization in non-
small cell lung cancer. J Natl Cancer Inst (2014) 106(3):dju004. doi:10.1093/
jnci/dju004 

31. Gustafson AM, Soldi R, Anderlind C, Scholand MB, Qian J, Zhang X, 
et  al. Airway PI3K pathway activation is an early and reversible event in 
lung cancer development. Sci Transl Med (2010) 2(26):26ra5. doi:10.1126/
scitranslmed.3000251 

32. Perez-Rogers J, Gerrein J, Anderlind C, Liu G, Zhang S, Alekseyev Y, et al. 
Shared gene expression alterations in nasal and bronchial epithelium for lung 
cancer detection. J Natl Cancer Inst (2017) 109(7):djw327. doi:10.1093/jnci/
djw327 

33. Jakubek Y, Lang W, Vattathil S, Garcia M, Xu L, Huang L, et al. genomic land-
scape established by allelic imbalance in the cancerization field of a normal 
appearing airway. Cancer Res (2016) 76(13):3676–83. doi:10.1158/0008-5472.
CAN-15-3064 

34. Muka T, Imo D, Jaspers L, Colpani V, Chaker L, van der Lee SJ, et  al. The 
global impact of non-communicable diseases on healthcare spending and 
national income: a systematic review. Eur J Epidemiol (2015) 30(4):251–77. 
doi:10.1007/s10654-014-9984-2 

35. Bray F, Jemal A, Grey N, Ferlay J, Forman D. Global cancer transitions accord-
ing to the human development index (2008–2030): a population-based study. 
Lancet Oncol (2012) 13(8):790–801. doi:10.1016/S1470-2045(12)70211-5 

36. Nwogu CE, Mahoney M, Okoye I, Ejiogu K, George S, Dy G, et al. Role of  
private enterprise in cancer control in low to middle income countries. 
J Cancer Epidemiol (2016) 2016:7121527. doi:10.1155/2016/7121527 

37. The Economist Intelligent Unit. Breakaway: The Global Burden of Cancer – 
Challenges & Opportunities. The Economist (2009).

38. Ferlay J, Shin H-R, Bray F, Forman D, Mathers C, Parkin DM. Estimates of 
worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer (2010) 
127(12):2893–917. doi:10.1002/ijc.25516 

39. Di Cesare M, Khang Y-H, Asaria P, Blakely T, Cowan MJ, Farzadfar F, et al. 
Inequalities in non-communicable diseases and effective responses. Int J 
Cancer (2013) 381(9866):585–97. doi:10.1016/S0140-6736(12)61851-0

40. World Health Organization. National Cancer Control Programmes: Policies 
and Managerial Guidelines. 2nd ed. Geneva: World Health Organization 
(2002).

41. World Health Organization. WHO Global Report on Trends in Prevalence of 
Tobacco Smoking. Geneva: World Health Organization (2015).

42. Khattab A, Javaid A, Iraqi G, Alzaabi A, Ben Kheder A, Koniski M-L, 
et  al. Smoking habits in the Middle East and North Africa: results of the 
BREATHE study. Respir Med (2012) 106:S16–24. doi:10.1016/S0954-6111(12) 
70011-2 

43. Mackay J, Eriksen MP. The Tobacco Atlas. Geneva: World Health Organization 
(2002).

44. IARC. World Cancer Report 2014. Lyon: World Health Organization (2014).

45. Shamseddine A. Cancer trends in lebanon & projections to 2020. In: Syndicate 
Magazine. 32. Syndicats des hopitaux au Liban (2015). p. 8–11.

46. Salti N, Chaaban J, Naamani N. The economics of tobacco in Lebanon:  
an estimation of the social costs of tobacco consumption. Subst Use Misuse 
(2014) 49(6):735–42. doi:10.3109/10826084.2013.863937 

47. Chaouachi K. A critique of the WHO TobReg’s “Advisory Note” report 
entitled: “waterpipe tobacco smoking: health effects, research needs and 
recommended actions by regulators”. J Negat Results Biomed (2006) 5:17. 
doi:10.1186/1477-5751-5-17 

48. Jacob P, Abu Raddaha AH, Dempsey D, Havel C, Peng M, Yu L, et  al. 
Comparison of nicotine and carcinogen exposure with water pipe and 
cigarette smoking. Cancer Epidemiol Biomarkers Prev (2013) 22(5):765. 
doi:10.1158/1055-9965.EPI-12-1422 

49. St. Helen G, Benowitz NL, Dains KM, Havel C, Peng M, Jacob P. Nicotine 
and carcinogen exposure after water pipe smoking in hookah bars. Cancer 
Epidemiol Biomarkers Prev (2014) 23(6):1055. doi:10.1158/1055-9965.
EPI-13-0939 

50. Maziak W, Ward KD, Afifi Soweid RA, Eissenberg T. Tobacco smoking using 
a waterpipe: a re-emerging strain in a global epidemic. Tob Control (2004) 
13:327–33. doi:10.1136/tc.2004.008169 

51. Maziak W, Jawad M, Jawad S, Ward KD, Eissenberg T, Asfar T. Interventions 
for waterpipe smoking cessation. Cochrane Database of Syst Rev (2015) (7): 
CD005549. doi:10.1002/14651858.CD005549.pub3 

52. Alzohairy MA. Water pipe & cigarette smoking among Qassim University 
male students: prevalence and beliefs. Int J Health Sci (2012) 6(1):45–57. 
doi:10.12816/0005972 

53. King BA, Dube SR, Tynan MA. Current tobacco use among adults in the 
United States: findings from the National Adult Tobacco Survey. Am J Public 
Health (2012) 102(11):e93–100. doi:10.2105/AJPH.2012.301002 

54. Tamim H, Al-Sahab B, Akkary G, Ghanem M, Roueiheb E, Kanj M, et  al. 
Cigarette and nargileh smoking practices among school students in Beirut, 
Lebanon. Am J Health Behav (2007) 31(1):56–63. doi:10.5993/AJHB.31.1.6 

55. Primack BA, Sidani J, Agarwal AA, Shadel WG, Donny EC, Eissenberg TE. 
Prevalence of and associations with waterpipe tobacco smoking among 
U.S. university students. Ann Behav Med (2008) 36(1):81–6. doi:10.1007/
s12160-008-9047-6 

56. Lipkus IM, Eissenberg T, Schwartz-Bloom RD, Prokhorov AV, Levy J. Affecting 
perceptions of harm and addiction among college waterpipe tobacco smokers. 
Nicotine Tob Res (2011) 13(7):599–610. doi:10.1093/ntr/ntr049 

57. Aljarrah K, Ababneh ZQ, Al-Delaimy WK. Perceptions of hookah smoking 
harmfulness: predictors and characteristics among current hookah users.  
Tob Induc Dis (2009) 5(1):16. doi:10.1186/1617-9625-5-16 

58. Alzaabi A, Mahboub B, Salhi H, Kajingu W, Rashid N, El-Hasnaoui A. 
Waterpipe use in the Middle East and North Africa: data from the Breathe 
study. Nicotine Tob Res (2016) 18:ntw256. doi:10.1093/ntr/ntw256 

59. Saade G, Warren CW, Jones NR, Asma S, Mokdad A. Linking Global 
Youth Tobacco Survey (GYTS) data to the WHO Framework Convention 
on Tobacco Control (FCTC): the case for Lebanon. Prev Med (2008) 47 
(Suppl 1):S15–9. doi:10.1016/j.ypmed.2008.06.003 

60. Kandela P. Nargile smoking keeps Arabs in Wonderland. Lancet (2000) 
356(9236):P1175. doi:10.1016/S0140-6736(05)72871-3

61. Akl EA, Ward KD, Bteddini D, Khaliel R, Alexander AC, Lotfi T, et al. The 
allure of the waterpipe: a narrative review of factors affecting the epidemic 
rise in waterpipe smoking among young persons globally. Tob Control (2015) 
24(Suppl 1):i13–21. doi:10.1136/tobaccocontrol-2014-051906 

62. Asfar TMD, Weg MVP, Maziak WMDP, Hammal FMD, Eissenberg TP, 
Ward KDP. Outcomes and adherence in Syria’s first smoking cessation trial.  
Am J Health Behav (2008) 32(2):146–56. doi:10.5993/AJHB.32.2.4 

63. Benowitz NL. Nicotine addiction. N Engl J Med (2010) 362(24):2295–303. 
doi:10.1056/NEJMra0809890 

64. El-Zaatari ZM, Chami HA, Zaatari GS. Health effects associated with 
waterpipe smoking. Tob Control (2015) 24(Suppl 1):i31–43. doi:10.1136/
tobaccocontrol-2014-051908 

65. Martinasek MP, McDermott RJ, Martini L. Waterpipe (hookah) tobacco 
smoking among youth. Curr Probl Pediatr Adolesc Health Care (2011) 
41(2):34–57. doi:10.1016/j.cppeds.2010.10.001 

66. Hakim F, Hellou E, Goldbart A, Katz R, Bentur Y, Bentur L. The acute 
effects of water-pipe smoking on the cardiorespiratory system. Chest (2011) 
139(4):775–81. doi:10.1378/chest.10-1833 

http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
http://www.frontiersin.org/oncology/archive
https://doi.org/10.1002/1097-0142(195309)6:5 < 963::AID-CNCR2820060515 > 
3.0.CO;2-Q
https://doi.org/10.1002/1097-0142(195309)6:5 < 963::AID-CNCR2820060515 > 
3.0.CO;2-Q
https://doi.org/10.1513/pats.201201-004MS
https://doi.org/10.1158/1940-6207.CAPR-08-0174
https://doi.org/10.1158/1940-6207.CAPR-08-0174
https://doi.org/10.1038/nm1556
https://doi.org/10.1056/NEJMoa1504601
https://doi.org/10.1164/rccm.201504-0756UP
https://doi.org/10.1073/pnas.0401422101
https://doi.org/10.1093/jnci/dju004
https://doi.org/10.1093/jnci/dju004
https://doi.org/10.1126/scitranslmed.3000251
https://doi.org/10.1126/scitranslmed.3000251
https://doi.org/10.1093/jnci/djw327
https://doi.org/10.1093/jnci/djw327
https://doi.org/10.1158/0008-5472.CAN-15-3064
https://doi.org/10.1158/0008-5472.CAN-15-3064
https://doi.org/10.1007/s10654-014-9984-2
https://doi.org/10.1016/S1470-2045(12)70211-5
https://doi.org/10.1155/2016/7121527
https://doi.org/10.1002/ijc.25516
https://doi.org/10.1016/S0140-6736(12)61851-0
https://doi.org/10.1016/S0954-6111(12)70011-2
https://doi.org/10.1016/S0954-6111(12)70011-2
https://doi.org/10.3109/10826084.2013.863937
https://doi.org/10.1186/1477-5751-5-17
https://doi.org/10.1158/1055-9965.EPI-12-1422
https://doi.org/10.1158/1055-9965.EPI-13-0939
https://doi.org/10.1158/1055-9965.EPI-13-0939
https://doi.org/10.1136/tc.2004.008169
https://doi.org/10.1002/14651858.CD005549.pub3
https://doi.org/10.12816/0005972
https://doi.org/10.2105/AJPH.2012.301002
https://doi.org/10.5993/AJHB.31.1.6
https://doi.org/10.1007/s12160-008-9047-6
https://doi.org/10.1007/s12160-008-9047-6
https://doi.org/10.1093/ntr/ntr049
https://doi.org/10.1186/1617-9625-5-16
https://doi.org/10.1093/ntr/ntw256
https://doi.org/10.1016/j.ypmed.2008.06.003
http://dx.doi.org/10.1016/S0140-6736%2805%2972871-3
https://doi.org/10.1136/tobaccocontrol-2014-051906
https://doi.org/10.5993/AJHB.32.2.4
https://doi.org/10.1056/NEJMra0809890
https://doi.org/10.1136/tobaccocontrol-2014-051908
https://doi.org/10.1136/tobaccocontrol-2014-051908
https://doi.org/10.1016/j.cppeds.2010.10.001
https://doi.org/10.1378/chest.10-1833


7

Rahal et al. Smoking and Lung Cancer in Lebanon

Frontiers in Oncology | www.frontiersin.org September 2017 | Volume 7 | Article 194

67. Montazeri Z, Nyiraneza C, El-Katerji H, Little J. Waterpipe smoking and 
cancer: systematic review and meta-analysis. Tob Control (2017) 26(1):92–7. 
doi:10.1136/tobaccocontrol-2015-052758 

68. Walters MS, Salit J, Ju JH, Staudt MR, Kaner RJ, Rogalski AM, et al. Waterpipe 
smoking induces epigenetic changes in the small airway epithelium. PLoS 
One (2017) 12(3):e0171112. doi:10.1371/journal.pone.0171112 

69. WHO. Ambient Air Pollution: A Global Assessment of Exposure and Burden 
of Disease. Geneva, Switzerland: World Health Organization (2016). 2016 p.

70. Cancer IAfRo. Agents Classified by the IARC Monographs, Volumes 1–118 
(2012). Available from: http://monographs.iarc.fr/ENG/Classification/
index.php

71. Hilal N, Fadlallah R, Jamal D, El-Jardali F. Approaching the Waste Crisis in 
Lebanon: Consequences and Insights into Solutions. Beirut, Lebanon: American 
University of Beirut (2015).

72. Akagi SK, Yokelson RJ, Wiedinmyer C, Alvarado MJ, Reid JS, Karl T, 
et  al. Emission factors for open and domestic biomass burning for use in 
atmospheric models. Atmos Chem Phys (2011) 11(9):4039–72. doi:10.5194/
acp-11-4039-2011 

73. Estrellan CR, Iino F. Toxic emissions from open burning. Chemosphere (2010) 
80(3):193–207. doi:10.1016/j.chemosphere.2010.03.057 

74. Lemieux PM, Lutes CC, Santoianni DA. Emissions of organic air toxics from 
open burning: a comprehensive review. Prog Energy Combust Sci (2004) 
30(1):1–32. doi:10.1016/j.pecs.2003.08.001 

75. Lemieux I, Pascot A, Couillard C, Lamarche B, Tchernof A, Almeras N, 
et  al. Hypertriglyceridemic waist: a marker of the atherogenic metabolic 
triad (hyperinsulinemia; hyperapolipoprotein B; small, dense LDL) in men? 
Circulation (2000) 102(2):179–84. doi:10.1161/01.CIR.102.2.179 

76. Solorzano-Ochoa G, de la Rosa DA, Maiz-Larralde P, Gullett BK, Tabor DG, 
Touati A, et  al. Open burning of household waste: effect of experimental 
condition on combustion quality and emission of PCDD, PCDF and PCB. 
Chemosphere (2012) 87(9):1003–8. doi:10.1016/j.chemosphere.2011.11.038 

77. Wiedinmyer C, Friedli H. Mercury emission estimates from fires: an initial 
inventory for the United States. Environ Sci Technol (2007) 41(23):8092–8. 
doi:10.1021/es071289o 

78. Boffetta P, Jourenkova N, Gustavsson P. Cancer risk from occupational and 
environmental exposure to polycyclic aromatic hydrocarbons. Cancer Causes 
Control (1997) 8(3):444–72. doi:10.1023/A:1018465507029 

79. Chen SC, Liao CM. Health risk assessment on human exposed to environ-
mental polycyclic aromatic hydrocarbons pollution sources. Sci Total Environ 
(2006) 366(1):112–23. doi:10.1016/j.scitotenv.2005.08.047 

80. Armstrong B, Hutchinson E, Unwin J, Fletcher T. Lung cancer risk after 
exposure to polycyclic aromatic hydrocarbons: a review and meta-analysis. 
Environ Health Perspect (2004) 112(9):970–8. doi:10.1289/ehp.6895 

81. Bruske-Hohlfeld I, Mohner M, Pohlabeln H, Ahrens W, Bolm-Audorff U, 
Kreienbrock L, et  al. Occupational lung cancer risk for men in Germany: 

results from a pooled case-control study. Am J Epidemiol (2000) 151(4):384–95. 
doi:10.1093/oxfordjournals.aje.a010218 

82. Shihadeh A, Al Helou M, Saliba N, Jaber S, Alaeddine N, Ibrahim E, et al. 
Climate change and environment in the Arab world program. In: Effect of 
Distributed Electric Power Generation on Household Exposure to Airborne 
Carcinogens: Unintended Consequences of Supply-Side Electric Power 
Reduction Measures in Poorly Regulated Environments. Issam Fares Institute 
for Public Policy and International Affairs (2012).

83. Baalbaki R, Hage RE, Nassar J, Gerard J, Saliba NB, Zaarour R, et  al. 
Exposure to atmospheric PMS, PAHD, PCDD/FS and metals near an open 
waste burning site in Beirut. Leban Sci J (2016) 17(2):91–103. doi:10.22453/
LSJ-017.2.091103 

84. Vachani A, Pass HI, Rom WN, Midthun DE, Edell ES, Laviolette M, et  al. 
Validation of a multiprotein plasma classifier to identify benign lung nodules. 
J Thorac Oncol (2015) 10(4):629–37. doi:10.1097/JTO.0000000000000447 

85. Sozzi G, Boeri M, Rossi M, Verri C, Suatoni P, Bravi F, et al. Clinical utility 
of a plasma-based miRNA signature classifier within computed tomography 
lung cancer screening: a correlative MILD trial study. J Clin Oncol (2014) 
32(8):768–73. doi:10.1200/JCO.2013.50.4357 

86. Montani F, Marzi MJ, Dezi F, Dama E, Carletti RM, Bonizzi G, et al. miR-
test: a blood test for lung cancer early detection. J Natl Cancer Inst (2015) 
107(6):djv063. doi:10.1093/jnci/djv063 

87. Jett JR, Peek LJ, Fredericks L, Jewell W, Pingleton WW, Robertson JF. Audit of 
the autoantibody test, EarlyCDT(R)-lung, in 1600 patients: an evaluation of 
its performance in routine clinical practice. Lung Cancer (2014) 83(1):51–5. 
doi:10.1016/j.lungcan.2013.10.008 

88. Irminger-Finger I, Pilyugin M, Bianco A, Hegedus B, Sardy S, Descloux P, et al. 
P1.05-016 circulating BARD1 antibodies for early detection of lung cancer. 
J Thorac Oncol (2017) 12(1):S623. doi:10.1016/j.jtho.2016.11.800 

89. Dai L, Tsay JC, Li J, Yie TA, Munger JS, Pass H, et al. Autoantibodies against 
tumor-associated antigens in the early detection of lung cancer. Lung Cancer 
(2016) 99:172–9. doi:10.1016/j.lungcan.2016.07.018 

90. Ngoma T. World Health Organization cancer priorities in developing coun-
tries. Ann Oncol (2006) 17(Suppl 8):14–9. doi:10.1093/annonc/mdl982 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2017 Rahal, El Nemr, Sinjab, Chami, Tfayli and Kadara. This is an 
open-access article distributed under the terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or reproduction in other forums is permitted, 
provided the original author(s) or licensor are credited and that the original publica-
tion in this journal is cited, in accordance with accepted academic practice. No use, 
distribution or reproduction is permitted which does not comply with these terms.

http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
http://www.frontiersin.org/oncology/archive
https://doi.org/10.1136/tobaccocontrol-2015-052758
https://doi.org/10.1371/journal.pone.0171112
http://monographs.iarc.fr/ENG/Classification/index.php
http://monographs.iarc.fr/ENG/Classification/index.php
https://doi.org/10.5194/acp-11-4039-2011
https://doi.org/10.5194/acp-11-4039-2011
https://doi.org/10.1016/j.chemosphere.2010.03.057
https://doi.org/10.1016/j.pecs.2003.08.001
https://doi.org/10.1161/01.CIR.102.2.179
https://doi.org/10.1016/j.chemosphere.2011.11.038
https://doi.org/10.1021/es071289o
https://doi.org/10.1023/A:1018465507029
https://doi.org/10.1016/j.scitotenv.2005.08.047
https://doi.org/10.1289/ehp.6895
https://doi.org/10.1093/oxfordjournals.aje.a010218
https://doi.org/10.22453/LSJ-017.2.091103
https://doi.org/10.22453/LSJ-017.2.091103
https://doi.org/10.1097/JTO.0000000000000447
https://doi.org/10.1200/JCO.2013.50.4357
https://doi.org/10.1093/jnci/djv063
https://doi.org/10.1016/j.lungcan.2013.10.008
https://doi.org/10.1016/j.jtho.2016.11.800
https://doi.org/10.1016/j.lungcan.2016.07.018
https://doi.org/10.1093/annonc/mdl982
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Smoking and Lung Cancer: A Geo-Regional Perspective
	Smoking Exposure and Lung Cancer
	Early Smoking-Associated Molecular Changes in Lung Cancer Development
	Smoking Rates and Spectra in LMICs: Case of Lebanon
	Perspective
	Author Contributions
	Funding
	References


