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Introduction

Tobacco use presents the largest preventable 
cause of death and disability in developed 
and more and more in developing countries. 
It caused 100 million deaths in 20th century 
and if current trend continues it will cause 
up to 1 billion deaths in 21st century.  It is 
responsible for 30% of all cancer deaths and 
80% of lung cancer deaths and is associat-
ed with increased risk for at least 17 types 
of cancer (1). Very clear scientific evidence 
of causality between tobacco smoking and 
lung cancer was present since 1950’s pio-
neering work by Wynder and Graham (2) as 
well as Doll and Hill (3). However it took 10 
years for information to penetrate into pub-
lic domain after 1964 Surgeon General’s Re-
port in which cancers of the lung and larynx 
in men (not women) were casually linked to 

cigarette smoking (4). The topic of smoking 
was then again addressed in the 1990 Sur-
geon General’s Report on smoking cessation 
(1990) and in 1982 report which focused on 
cancer. In 2001 first report on women and 
smoking was published (USDHHS 2001) 
(4). Ultimately, report by Office of the Sur-
geon General (US): Office on Smoking and 
Health (US) published in 2004 clearly in-
formed general public about lethal risks of 
cigarettes smoking and particularly empha-
sized advantage of smoking cessation based 
on Surveillance, Epidemiology and End Re-
sults (SEERS) data showing decline in rates 
of cancer from 1991 which coincided with 
decline in smoking among men and less by 
women (4). However, despite of all these 
efforts, lung cancer is still leading cause of 
cancer related deaths both in men and wom-
en. Estimated number of deaths from lung 
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Objective of the paper is to present lung cancer as preventable disease 
based on epidemiological, molecular and genomic data. Lung cancer 
is the most deadly malignancy around the world, both in male and 
female population. Vast majority of lung cancers (close to 90%) are 
directly caused by cigarette smoking, and thus present one of the most 
preventable deadly disease in humanity. Analysis of history of ciga-
rette consumption and rise of lung cancer as world epidemics. Review 
of efforts to fight tobacco epidemics and how it influences incidence 
and prevalence of the lung cancer. Investigation of the effects of ciga-
rette smoking on health and economic status of Bosnia and Herce-
govina. Tobacco epidemics and lung cancer can be prevented. Goal is 
to exterminate cigarette smoking. That can be achieved only concerted 
effort by members of family, patients themselves, physicians, research-
ers, non-governmental organizations, political figures and society as a 
whole. Conclusion. In country like Bosnia and Herzegovina first step 
is to inform society about devastating effects of cigarette smoking. Best 
practices already exist and initial goal should be to start using them.
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cancer in USA for 2017 is 155,870 (84,590 
males and 71,280 females) (5). In addition to 
terrible human toll and emotional suffering 
of hundreds of thousands of families, eco-
nomic burden on society is enormous. From 
2000-2002 the United States spent approxi-
mately $ 193 billion each year on tobacco re-
lated illnesses and lost productivity because 
of tobacco-related premature deaths (1). 
Loss in productivity and increased health 
care costs associated with second-hand 
smoking were reported in 2005 to have cost 
the United States an additional $ 10 billion 
per year (1).

That picture looks grimmer in country 
like Bosnia and Hercegovina (BIH). Accord-
ing to Tobacco Atlas more than 8600 deaths 
per year are attributed to tobacco-related 
illnesses (6). Still, more than 2000 children 
(age 10-14) and 1053000 adults (15+ years 
old) continue to use tobacco each day. That 
means that 47.2% of men and 30% of wom-
en in BIH smoke cigarettes. That number 
is higher than on average in high-Human 
Development Index (HDI) countries. The 
economic cost of smoking in BiH amounts 
to 891 million KM. that includes direct cost 
related to healthcare expenditures and in-
direct costs related to loss of productivity 
due to early mortality and morbidity. That 
represents great burden on country that is 
still recuperating from devastating war and 
enormous loss of lives, most of them in full 
productivity age. Interesting economic facts 
is that tobacco growing is only small frac-
tion of agriculture in BIH with only 0.07% 
of agricultural land devoted to tobacco cul-
tivation (6). Cigarette imports exceeded 
cigarette exports in 2016, contributing to 
country’s trade disbalance. It is important 
to register that more than 80% of 8 million 
tobacco-related deaths by year 2030 will be 
in low- and middle-income countries. Since 
BIH is part of that world, fight against ciga-
rette smoking has to become main focus of 
activity of multiple levels of society. 

Purpose of the paper is to present lung 
cancer as preventable disease through re-
duction in cigarette use.

What to do?

In 2003 American Society of Clinical On-
cology (ASCO) released policy statement 
on tobacco cessation and control, which set 
forth specific recommendations and called 
for personal accountability in eradicating 
tobacco use domestically and globally (7). 
In 2013 Update (1) sets forth a refined set 
of recommendations for addressing tobac-
co cessation and control based on updated 
challenges and opportunities. Recommen-
dations include: 1. Education and aware-
ness, 2. Access to proven Tobacco Cessation 
Interventions, 3. Tobacco Cessation as a 
Component of High-Quality Cancer Care, 4, 
Research on Tobacco Use and Cessation, 5. 
US Tobacco Regulations, 6. Global Tobacco 
Control, 7. Leading by Example As Oncol-
ogy Professionals. This Update very strongly 
emphasized role of physicians, particularly 
Oncology providers in tobacco cessation 
and control. Paper recommended incorpo-
ration of five A’s (Ask, Asses, Assist, Advise, 
Arrange) of tobacco cessation in Oncology 
practice. Most important recommendation, 
in my opinion, is to ASK every patient if they 
are using tobacco. Without that question, 
other A’s cannot be used. Unfortunately, in 
many practices in US and around the word 
that question is never asked. There are many 
reasons for that, particularly in countries 
where tobacco use is part of local culture and 
where many physicians are tobacco smok-
ers. That raises important question of phy-
sician’s education about devastating health 
effects of cigarette smoking. In my opinion, 
that is of utmost importance, particularly in 
countries like BIH. Oncologists have impor-
tant role, since they are physicians that face 
and treat the most devastating effects of to-
bacco smoking and also deal with patients 
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who are greatly motivated to stop using to-
bacco. Physician-relayed advice on smoking 
cessation increases the likelihood that pa-
tients will try to quit and enhances the odds 
that those who do so will remain tobacco 
free (1). Long-term cessation rates include 
15% with counselling, 22% with medication 
alone and 22% to 28% when counselling in 
combined with pharmacotherapy (8). 

Tobacco regulations are becoming very 
powerful tool in the curbing tobacco epi-
demic. In 2007 the Institute of Medicine is-
sued a blueprint for US for ending tobacco 
epidemic (9). It emphasized several tobacco 
controlling strategies, including financial 
support of comprehensive state tobacco con-
trol programs at the Center for Disease Con-
trol and Prevention  (CDC)-recommended 
levels (support for quit lines), increased 
tobacco taxes as a means to discourage to-
bacco use and stronger federal regulations 
and oversight of tobacco products (10). In 
2009, the family Smoking Prevention and 
Tobacco Control Act (FSPTCA) became 
law, granting the Food and Drug Adminis-
tration (FDA) authority to regulate the man-
ufacture, distribution and MARKETING of 
tobacco products to protect public health. 
The FDA is tasked with aggressively restrict-
ing youth access, assessing tobacco industry 
research on the health and addictiveness of 
their products, reviewing product ingredi-
ents and additives, providing marketing or-
ders and reviewing any health claims made 
by tobacco companies (11). In 2009, the 
US Congress voted to increase the federal 
tax on cigarettes via the Children’s Health 
Insurance Program Reauthorization (12). 
There is substantial evidence showing that 
increases in the prices of tobacco products 
help discourage the use of such products, 
especially for young children, teenagers and 
low socioeconomic groups (13). On a global 
level WHO Framework Convention on To-
bacco Control (FCTC) health treaty came 
into force in 2005 with ratification by the 

first 40 countries. At the present there 168 
countries are signatories and 181 are parties 
to the WHO FCTC (14). This is comprehen-
sive treaty, which, if effectively enforced in 
each country, will be deterrent to the glob-
ally growing tobacco epidemic, particularly 
in growing economies. In October 2011 the 
European Commission committed 5.2 mil-
lion euros to the FCTC Secretariat to as-
sist low- and middle-income countries to 
implement convention (15). However, ob-
viously amount of money invested in this 
Treaty is dwarfed by marketing budget of 
tobacco companies. The combined revenues 
of the world’s six largest tobacco companies 
in 2016 were more than $ 364 billion (6). It 
is 1944% larger than the Gross National In-
come of BIH.  That illustrates uphill battle 
against tobacco epidemics, particularly in 
small economies. BIH is not signatory state, 
but in 2009 became party to the Treaty (Ac-
cession).  Despite of financial handicap, par-
ticipation in the Treaty opens possibility to 
overcome political lobbying and commer-
cial forces supporting tobacco use. 

Which of the present best practice mea-
sures to reduce tobacco epidemics are pres-
ently used in BIH? Very few: 
1. Protect from smoke. Best practice is for 

all public places to be completely smoke-
free. At the present NONE of the public 
places, including health care facilities, ed-
ucational facilities, government facilities, 
restaurants, indoor offices, public trans-
portations, and bars are smoke-free (6);

2. Raise taxes on tobacco products. At the 
present BIH is very close to WHO Bench-
mark (minimum 70% of retail price to be 
excise tax). In BIH tax is 68.67% (6). Still 
more can be done;

3. Offer help for tobacco cessation.  Very 
few. There is no National Quit line. How-
ever, considering political landscape, it 
is more realistic to work on getting Quit 
lines at the Cantonal level or level of Fed-
eration and Republika Srpska;

Gordan Srkalović: Lung Cancer: Preventable Disease
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4. Warning labels. There is no information 
on percentage of packages with warning 
labels and there is no warning labels on 
plain packaging (6);

5. There is no reliable information on anti-
tobacco campaigns, although these cam-
paigns were proven to be very effective 
tool for smoking reduction. This is area 
where most effort should be concentrat-
ed and with involvement of physicians, 
educators, public, media, public relations 
and non-governmental organizations 
(NGO) results could be very significant;

6. Enforce ban on advertising. It seems 
there is lot to do in enforcing direct 
ban (TV, radio, magazines, newspapers, 
internet, billboards) and indirect (ap-
pearance of tobacco brands in TV and 
movies).  Camel Joe cartoon character 
was banned in USA in 1997 as a part of 
$ 368.5 billion settlement with tobacco 
producer RJ Reynold. This character was 

considered as attempt to target younger 
audience and cultivate new generation of 
tobacco users. It is banned from public 
places, TV, billboards. Same happened 
to Marlboro Man in 1999. It is time to 
retire or ban all advertising for tobacco 
everywhere. 
At the present it is very clear that vast 

majority of lung cancers are directly caused 
by smoking. Figure 1 clearly shows almost 
identical shapes and parallel distribution 
of curves representing per capita cigarette 
consumption and male lung cancer death 
rate in USA. Lung cancer death curve lags 
cigarette consumption curve by 20-25 years, 
illustrating late effect of smoking on lung 
cancer formation. This confirms quoted 
data from SEERS showing decline in rates 
of cancer with decline in cigarette smoking 
(4). Couple of questions is always raised in 
discussion about causality between cigarette 
smoking and lung cancer. 

Figure 1. Tobacco use in the United States 1900-2002.
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First question is: Why non-smokers get 
lung cancer? 

During smoking of cigarettes, cigars, pipes 
and other tobacco products, in addition to 
the mainstream smoke drawn and inhaled 
by smokers, a stream of smoke is released 
between puffs into the air from the burn-
ing cone (16). Secondhand tobacco smoke 
is composed of aged exhaled mainstream 
smoke and diluted side stream smoke. The 
absolute and relative quantities of many of 
the individual constituents of side stream 
smoke are different from those found in 
mainstream smoke. Exposure to second 
hand smoke can take place in any of the en-
vironments where people spend time. Some 
studies suggest that exposure to second hand 
smoke is related to occupation and socio-
economic status, and that higher exposure 
is more common among adults employed 
in blue-collar jobs, service occupations and 
poorly paid jobs and among less well edu-
cated (16). Exposure to second hand tobacco 
smoke may also be higher among racial and 
ethnic minorities in areas in USA, although 
it is unclear if this is due to different socio-
economic status (17). Because the home is 
predominant location for smoking, children 
are exposed to tobacco smoke as they go 
about their daily lives. The exposure at home 
may be added to exposure at school and in 
vehicles. Consequently, in many countries, 
children simply cannot avoid inhaling to-
bacco smoke (18). What are proofs that sec-
ond hand smoking is associated with lung 
cancer?  It is based on number of case-con-
trol and cohort studies. The most commonly 
used measure of exposure to second hand 
smoke has been from spouse. This is well 
defined and has been validated using coti-
nine studies of never smokers who do or do 
not live with smokers (16). Other measures 
of exposure are not so well validated. There 
have been eight cohort studies of nonsmok-
ers who were followed for years to determine 

the risk of lung cancer. Six of these studies 
reported the risk of lung cancer associated 
with exposure to second hand smoke from 
spouse (16). All six studies found that the 
risk for nonsmoking women with partners 
who smoked was higher than those whose 
partners did not smoke. In both cohorts that 
reported on the effect in nonsmoking men 
whose wives smoked, the relative risk was 
increased. Many case control studies have 
been undertaken in several countries (most-
ly China and the USA). In these studies lung 
cancer cases were ascertained and matched 
with controls (usually for age and other fac-
tors). Takin the crude relative risks or the ad-
justed estimates when the crude ones are no 
available, 25 of the 40 case control studies of 
non-smoking women showed an increased 
risk (16). In total 23 studies have been pub-
lished on exposure to second hand smoking 
at the work place. Only one study reported 
a statistically significant association between 
exposure to second hand smoke at the work-
place and risk of lung cancer (19). Since all 
of these studies were cohorts or case-control 
studies, based on relatively small number of 
lung cancer cases and did not have enough 
power to generate statistical significance on 
their own, meta-analyses were performed 
with the aim of pooling the available data 
and providing more precise estimates of 
risks. Updated meta-analyses showed that 
among nonsmoking women who lived with 
a spouse who smoked, the risk of lung can-
cer was increased by 24% (relative risk, 1.24; 
95% CI, 1.14-1.3) (16). Regarding exposure 
at the workplace the increased risk for lung 
cancer in nonsmoking women is about 20% 
(relatives risk 1.19; 95% CI, 1.09-1.30). Me-
ta-analysis identified statistically significant 
increase in risk among women exposed to 
send-hand smoke from the mother during 
the childhood (50% increases in risk, but 
wide CI 4-114%). There was lower and non-
significant increase in risk for exposure to 
second hand smoke from the father (25%) 
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(16). Beside second hand smoking there 
are other occupational and environmental 
factors that can contribute to rise of lung 
cancer in relatively small, but real number 
of non-smokers, not exposed to second 
hand smoke. List is large, and we will men-
tion only established carcinogens (inorganic 
arsenic, asbestos, ether, chromium com-
pounds, gamma radiation, X-rays, mustard 
gas, nickel compounds, polycyclic aromatic 
hydrocarbons, and radon decay products, 
soots, tars, mineral oils, vinyl chloride, and 
wood dust). 

Another burning question:  Why only small 
percentages of smokers get lung cancer?

Lung cancer is complex disease and multiple 
factors contribute to its raise and progres-
sion. One of the major factors is host suscep-
tibility (20). Epidemiologic studies showing 
an association between family history and 
an increased risk of lung cancer provided 
the first evidence of host susceptibility. Sus-
ceptibility and risk are clearly increased in 
inherited cancer syndromes caused by rare 
germ-line mutations in p53, retinoblastoma 

Figure 2. Molecular Evolution of Lung Cancer [Reprinted with Permission from N Engl J Med.] (20).
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and other genes, as well as germ-line mu-
tations in the epidermal growth factors re-
ceptor (EGFR) gene (21-24). More recently, 
three large genome wide association studies 
identified an association between single-
nucleotide polymorphism (SNP) varia-
tion at 15q24-15q25.1 and susceptibility 
to lung cancer (20). The region of the SNP 
variation was linked to lung carcinogenesis 

and includes 2 genes encoding subunits of 
the nicotinic acetylcholine receptor alpha, 
which is regulated by nicotine exposure (25, 
26). Lung cancer susceptibility and risk also 
increase with reduced DNA repair capac-
ity (particularly when accompanied by ex-
posure to tobacco smoke) that results from 
germ-line alterations in nucleotide excision 
repair genes, such as ERCC1 (27, 28). An-

Table 1=Reprinted from permission from N Engl J Med.  (20).
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other contributing factor to the rise of lung 
cancer is clonal evolution. Changes in cer-
tain genes occur in both nonmalignant lung 
tissue of smokers and patients with lung 
cancer pointing to diffuse lung injury (20). 
This is consistent with theory of “field car-
cinogenesis” or “field cancerization” (29). 
Molecular evolution of the lung cancer is 
presented in Figure 2.  

Early events in the development of non-
small-cell lung cancer include loss of het-
erozygosity (LOH) at chromosomal region 
3p21.3, 3p14.2, 9p21 (p16) and 17p13 (p53). 
All these genes are tumor-suppressor genes. 
LOH patterns in squamous cell and adeno-
carcinoma differ (chromosome 3p deletion 
is much more extensive in squamous cell 
carcinoma) (20). Mutations in the EGFR 
kinase domain occur early in the develop-
ment of adenocarcinoma that is generally 
unrelated to smoking, and KRAS mutations 
occur early in the development of smoking 
related adenocarcinoma (30, 31). Genetic 
abnormalities specific in lung cancers are 
presented in Table 1. In addition to these 
abnormalities, chromosomal rearrangement 
of the gene encoding ROS1 protooncogene 
receptor kinase was found to define a dis-
tinct molecular subgroup of non small cell 
lung cancers (32).

What influence genetic abnormalities 
related to lung cancer have on oncology 
practice? 

There is a sea of change in how we approach 
lung cancer in every day’s practice. Recently, 
treatment paradigms for non-small cell lung 
(NSCLC) which account for 80-85% of all 
lung cancers have shifted from one based on 
histology (adeno-, squamous- and large-cell 
carcinoma) to one that incorporates mo-
lecular subtypes involving particular genetic 
alterations that drive and maintain tumori-
genesis (33). Story started with identification 
of somatic mutations in the tyrosine kinase 

domain of the EGFR gene in 8/9 patients 
who responded to tyrosine kinase inhibitor 
(TKI) gefitinib, while none of the 7 patient 
who did not have mutation showed response 
(34). Subsequently it was found that muta-
tions in the EGFR most commonly deletions 
in exon 19 affecting the amino acid motif 
LREA (delE476-750) or substitution of argi-
nine for leucine at position 858(L858R) in 
exon 21 are present in approximately 17% of 
tumors in patients with pulmonary adeno-
carcinoma and lead to constitutive activation 
of EGFR tyrosine kinase (35). The mutations 
occur with increased frequency in women 
and nonsmokers. Responses to EGFR TKI’s 
in patient carrying these activating muta-
tions were much higher (78%) than what 
has been described in patients treated with 
standard platinum –doublet chemotherapy 
(25-30%). The vast majority of patients who 
have an initial response to EGFR TKI’s will 
eventually relapse. Recent studies identified 
EGFR T790M mutations (in exon 20) as a 
main culprit for lack of response or relapse 
in patients with EGFR gene mutations af-
ter treatment with standard EGFR TKI’s . 
The binding kinetics of the mutant EGFR 
appears to be altered by the T790M muta-
tion (20). New irreversible EGFR inhibi-
tors suppress T790M-mutatnt tumor cells 
are showing now to be effective treatment 
for patients carrying that specific mutation. 
Other activating mutation that has major ef-
fect on biology and lung cancer progression 
is KRAS mutation which limited to NSCLC, 
predominantly adenocarcinoma and is vir-
tually mutually exclusive of mutations in 
EGFR kinase domains and is associated with 
resistance to EGFR TKI’s and chemothera-
py. Most KRAS mutations are smoking-re-
lated G to T transversions and affect exon12 
(90% of patients) and exon 13 (36). A dis-
tinct KRAS mutational profile consisting 
of G to A transition mutation was recently 
detected in non-smokers and is on unclear 
functional significance (20). Transversions 
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(smokers) and transitions (non-smokers) 
also have been reported for p53 mutations 
in lung adenocarcinomas (36). Activating 
mutations or translocations of the anaplas-
tic lymphoma kinase gene (ALK) have been 
identified in NSCLC by Japanese group (37). 
In NSCLC EML4-ALK is an aberrant fusion 
gene that encodes a cytoplasmatic chime-
ric protein with constitutive kinase activity 
(36). Multiple distinct EML4-ALK chimeric 
variants have been identified, representing 
breakpoints within various EML4 exons. 
This genetic mutation is not common oc-
curring in 2-7% of all NSCLC and is more 
prevalent in patients who never smoked or 
who have history of light (short period and 
small number of cigarettes) smoking (38). 
However considering very high incidence 
and prevalence of lung cancer, we can esti-
mate that 7,800 patients in USA and 60,000 
worldwide will every year be diagnosed with 
EML4-ALK positive NSCLC. That particu-
larly becomes important in the light of very 
effective treatments with first, second and 
now third line selective ALK inhibitors. It is 
interesting that first generation ALK inhibi-
tor crizotinib showed great efficacy in pa-
tients with ROS1-rearranged NSCLCA (39). 
The ROS1 oncogene encodes an orphan 
receptor tyrosine kinase related to ALK, 
along the members of the insulin receptors 
family. ROS1 is activated by chromosomal 
rearrangement in variety of human cancer 
including NSCLC. Rearrangement leads to 
fusion of a portion of ROS1that includes the 
entire tyrosine kinase domain with 1 of 12 
different partner proteins (39). The resulting 
ROS1 fusion kinases are constitutively acti-
vated and drive cellular transformation and 
proliferation. ROS1 rearrangement occur in 
approximately 1% of patients with NSCLC 
and approximately 1,300 in US and 15,000 
worldwide cases will be driven by oncogenic 
ROS1 fusion. It is again more frequently 
found in non-smokers and patient with his-
tory of light (short period and small number 

of cigarettes) smoking. Another mutation 
that could be important in the treatment 
of NSCLC is mutation in B‐Raf proto‐on-
cogene, serine/threonine kinase (BRAF). 
Mutations in BRAF, observed in 2%–4% 
of NSCLCs, typically lead to constitutive 
activation of the protein and, as a conse-
quence, lead to activation of the mitogen‐
activated protein kinase signaling pathway. 
Direct inhibition of mutant BRAF and/or 
the downstream mitogen‐activated protein 
kinase (MEK) has led to prolonged survival 
in patients with  BRAF‐mutant metastatic 
melanoma (40). Same treatment is showing 
promise in the treatment of patients with 
NSCLC. 

Conclusion 

In conclusion lung cancer is very heteroge-
neous disease with high tumor mutational 
burden and very hard to treat when meta-
static. However, it is preventable disease 
in very high percentage of cases (85-90%). 
Goal is to exterminate cigarette smoking. 
That can be achieved only concerted effort 
by members of family, patients themselves, 
physicians, researchers, non-governmental 
organizations, political figures and society 
as whole. Best practices already exist and 
initial goal should be to start using them. 
BIH society needs to make steps toward 
adopting all these strategies. Otherwise, cost 
in human life will continue to grow. 
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