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INTRODUCTION

Lung cancer (LC) is still the deadliest and the 
most-costly cancer in the world. Its mortality rate 
is three times higher than deaths of prostate cancer 

and nearly twice higher than deaths of breast cancer 
in women. Lung cancer currently accounts for 32% 
of cancer deaths in men and 20% of cancer deaths 
in women. The incidence of breast cancer, prostate, 
and intestinal cancers is lower than the total number 

Corresponding Author: Zaher Khazaei, MSc; e-mail: zaherkhazaei@yahoo.com

Abstract – Objective: Lung cancer (LC) is one of the most common cancers and the main causes 
of cancer mortality in the world. The aim of this study was to investigate the epidemiology of lung 
cancer incidence and mortality in 185 countries and its relationship with the HDI index in 2018.

Materials and Methods: This is a descriptive-analytic study conducted on the extraction of inci-
dence data and mortality rates of cancers from Cancer World Bank in 2018. The incidence and mor-
tality rates and lung cancer distribution maps were drawn for World countries. To analyze the data, 
the correlation and regression tests were used to evaluate the correlation between the incidence 
and mortality with HDI. The statistical analysis was conducted by Stata-14 and the significance level 
was estimated at the level of 0.05. 

Results: With 209,386 new cases (12.22 per 100,000) and 1,761,007 deaths (19.88 per 100,000), 
lung cancer has the highest incidence and mortality rate in the world. The highest incidence rate 
(56.7 per 100,000) and mortality (44.4 per 100,000) of lung cancer were in Hungary. According to 
a projection, the incidence and mortality rate of lung cancer are expected to increase from 2018 
to 2040, and the results showed that there was a positive and significant correlation between in-
cidence (R=0.724, p<0.001) and mortality (R=0.702, p<0.001) of lung cancer with HDI in both sex-
es. The linear regression model showed that the increase in MYS (B=1.3, p<0.05) and LBE (B=0.3, 
p<0.05) increased the incidence of lung cancer (p<0.05), and also the increase in HDI, MYS, LEB, and 
EYS were caused by increases in mortality, but the increase was not statistically significant (p> 0.05). 

Conclusions: With the highest global incidence, motility, and an upward trend by 2040, lung 
cancer has a considerable global importance, and the human development index (HDI) can be an 
important factor in reducing the incidence and mortality of patients.  
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to work alongside the national staff to improve local 
data quality, registry coverage, and analytical ca-
pacity. The need for investment in population-based 
cancer registration in low-and middle-income coun-
tries led to the launch of the Global Initiative for 
Cancer Registry Development (GICR), coordinated 
by IARC. The goal of the GICR is to inform about 
cancer control through defined improvements in the 
coverage, quality, and use of population-based cancer 
registration data worldwide. A summary of the steps 
used to generate the current set of cancer incidence, 
mortality, and prevalence estimates is provided be-
low. The methods of estimation are country-specific, 
and the quality of the national estimates depends on 
the coverage, accuracy, and timeliness of the record-
ed incidence and mortality data in a given country.

INCIDENCE

The methods used to estimate sex- and age-specif-
ic incidence rates of cancer in a specific country fall 
into the following broad categories, in order of pri-
ority: 1. the observed national incidence rates were 
projected to 2018 (45 countries); 2. the most recently 
observed incidence rates (national or regional) were 
applied to the 2018 population (50 countries); 3. the 
rates were estimated from national mortality data by 
modeling, using mortality-to-incidence ratios derived 
from cancer registries in that country (14 countries); 
4. the rates were estimated from national mortality 
estimates by modeling, using mortality-to-incidence 
ratios derived from cancer registries in neighboring 
countries (37 countries); 5. age- and sex-specific na-
tional incidence rates for all cancers combined were 
obtained by averaging overall rates from neighboring 
countries. These rates were then partitioned to obtain 
the national incidence for specific sites using avail-
able cancer-specific relative frequency data (7 coun-
tries); 6. rates were estimated as an average of those 
from selected neighboring countries (32 countries).

Mortality

The methods used to estimate the sex- and age-specific 
mortality rates of cancer in a specific country fall into 
the following broad categories, in order of priority: 1. 
the observed national mortality rates were projected 
to 2018 (81 countries); 2. the most recently observed 
national mortality rates were applied to the 2018 pop-
ulation (20 countries); 3. the rates were estimated from 
the corresponding national incidence estimates, using 
incidence-to-mortality ratios derived from cancer reg-
istries in neighboring countries (81 countries); 4. the 
rates were estimated as an average of those from se-
lected neighboring countries (3 countries)15,16.

of deaths from lung cancer1-3. In 2013, the number of 
lung cancer cases in the United States is 229,000, and 
the number of deaths associated with it is 160,000. 
In fact, it can be said that 3 or 4 deaths from cancers 
are related to lung cancer4-7. Considering that this 
cancer has no clinical signs in the early stages, pa-
tients often refer symptoms in advanced stages, and 
this increases the mortality rate in patients with lung 
cancer. Increasing age is a warning factor in the in-
cidence of lung cancer8. The prevalence age of this 
cancer is between the ages of 50-69, and only a small 
percentage (2%) of cancer has been reported under 
age 40. Today, the incidence of lung cancer in men 
is significantly reduced (from 87 to 63 per 100,000 
people), while its rate in women (from 4.1 to 9.5 per 
100,000) has been accompanied by a significant in-
crease9. Lung cancer is affected by many factors, 
such as environmental and behavioral factors; the 
most important one is smoking cigarettes. The risk 
of lung cancer in smokers is 20 times higher than 
non-smokers and it is directly related to the duration, 
amount and manner of consumption10. Occupational 
exposure to carcinogens (asbestos, arsenic, and other 
aromatic hydrocarbons), air pollution caused by fu-
els, underlying lung diseases, family history of lung 
cancer, nutritional factors (vitamins A, B, and C), 
substance abuse, and opioids consumption, are other 
major risk factors for lung cancer. These factors vary 
according to race, country, and region11-14. Another 
factor affecting the incidence and mortality of lung 
cancer is the Human Development Index (HDI). The 
index is a function of health, quality of life, health 
facilities, lack of anxiety, relaxation, and economic 
and social security. According to various studies, the 
incidence of lung cancer in developed countries is 
1.5 to 2.3 times higher than that of the less developed 
countries in any age group. Most cancers are not only 
the result of abnormal genes, but also the result of en-
vironmental factors and socioeconomic status. That 
is why the number of deaths caused by lung cancer 
in most developed countries, due to the aging pop-
ulation, and in the less developed countries, due to 
the gradual epidemic of smoking cigarette and using 
tobacco, is increasing. Therefore, this study was con-
ducted to determine the incidence of breast cancer 
and its association with the Human Development In-
dex (HDI) in 2018.

MATERIALS AND METHODS

It is important to be careful when interpreting these 
estimates, given the limited quality and coverage of 
cancer data worldwide at present, particularly in low-
and middle-income countries. IARC’s approach is 
not only to evaluate, compile, and use the data from 
the Agency’s collaborators in these estimates, but also 
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RESULTS

Based on the obtained results from cancer record-
ings in 2018, 18,078,957 cases (197.9 per 100,000) 
have been reported in both sexes, of which 
9,456,418 (218.6 per 100,000) in men and 8,622,539 
(182.6 per 100,000) in women. The number of 
deaths due to cancer in 2018 was 9,555,027 (101.1 
per 100,000), which was estimated to be 5,385,640 
in men (122.7 per 100,000) and 4,169,387 in women 
(83.1 per 100,000). The results showed that lung 
cancer has the highest incidence and mortality 
rates in the world with 20,938,676 new cases (with 
12.22 per 100,000) and 1,761,007 deaths (19.78 per 
100,000) (Fig. 1).

Table 1 shows the incidence and mortality rate 
of lung cancer in different countries. The results of 
the study showed that the highest incidence of lung 
cancer in the world was observed in Hungary (56.7 
per 100,000), followed by Serbia (49.8 per 100,000), 
France, and New Caledonia (42.3 per 100,000). The 
highest mortality rate for lung cancer was in Hunga-
ry (44.4 per 100,000), Serbia (39.9 per 100,000), and 
French Polynesia (36.4 per 100,000), respectively 
(Table 1, Fig. 2).

The results of cancer registrations in 2018 
showed that the new cases of lung cancer in both 
sexes were 20,398,876; this trend is increasing and 
expected to reach 3,610,896 by 2040. The mortal-
ity rate for lung cancer in 2018 is estimated to be 
1,761,007, which will increase to 3,104,704 in 2040. 
As seen in the figure, the incidence of lung cancer in 
men and women will also increase and the number 
of deaths from lung cancer in men in 2018 will in-
crease up to 2,372,239 and in women from 725,352 
to 1,238,657 (Fig. 3).

Based on the results of cancer registries in 2018, 
the highest incidence and mortality rates of lung 
cancer (42.2% of new cases and 38.1% of deaths) are 
related to very high HDI (Fig. 4).

Predict the incidence and mortality

As with all estimates, the cancer predictions for the 
following years should be interpreted with caution. 
The key assumptions are that the national rates, as 
estimated in 2018, do not change in the prediction 
period 2020-2040, and that the national population 
projections are correct for these years. The quality 
and coverage of cancer data worldwide remain limit-
ed, particularly in low- and middle-income countries. 
IARC’s approach is not only to evaluate, compile, and 
use the data from the Agency’s cancer registry col-
laborators in these estimates, but also to work along-
side the national staff to improve local data quality, 
registry coverage, and analytical capacity.

HDI 

HDI is a compound index of indices in three dimen-
sions: life expectancy, degree of studies, and domi-
nance over required sources for a proper sensible life. 
All the groups and regions with a remarkable prog-
ress in all HDI components have developed more 
rapidly in comparison with low or moderate HDI 
countries. As this index says, the world is unequal. 
There are a lot of inequalities in Northern and South-
ern countries. The income inequality has risen inside 
every country and also between many countries17-19.

Statistical analysis

In this study, the correlation bivariate method was used 
to assess the correlation between the incidence and 
mortality rates of lung cancer and the HDI. The linear 
regression models were also used to assess the HDI 
effect on the incidence rate of lung cancer. The signifi-
cance level was considered lower than 0.05. The data 
analysis was conducted by Stata software version 14.

Fig. 1. Pie Charts for the Distribution of Cases and Deaths for the 7 Most Common Cancers in 2018 in Both sexes [Source: 
GLOBOCAN 2018].
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TABLE 1. Estimated age-standardized incidence and mortality rates for lung cancer in both sexes and all ages 
in World (2018).

Continued
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TABLE 1 (CONTINUED). Estimated age-standardized incidence and mortality rates for lung cancer in both sexes and all 
ages in World (2018).

Continued
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TABLE 1 (CONTINUED). Estimated age-standardized incidence and mortality rates for lung cancer in both sexes and all 
ages in World (2018).

Fig. 2. Global Map for 
age-standardized (A) in-
cidence and (B) mortality 
rates by World countries in 
both sexes, for lung cancer 
in 2018 [Source: GLOBO-
CAN 2018].
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Fig. 3. Incident and mortality rates of lung cancer from 2018 to 2040.

Fig. 4. Pie charts for the distribution of cases and deaths by HDI in 2018 for both sexes [Source: GLOBOCAN 2018].
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world’s cancer cases. The number of deaths was 
936,051 (71.5% in men and 28.5% in women), ac-
counting for 58% of the world’s total cancer deaths. 
The five countries with the largest number of pa-
tients were China, Japan, India, Indonesia, and Tur-
key. The lowest number of patients was in the five 
countries of Maldives, Bhutan, Brunei, Oman and 
Qatar. The HDI index in these countries was higher 
than 0.7, and it has a positive and direct relationship 
with the incidence and distribution of lung cancer, 
which was more common in women than men.

In 2012, high and very high HDI countries had 
the highest incidence of LC. The relationship be-
tween all components of HDI was significant for 
the prediction of lung cancer. Accordingly, it can be 
noted that people over 50 are more prone to devel-
op cancer. Moreover, in countries with high HDI, 
life expectancy is rising. Therefore, the risk of lung 
cancer in these countries is high. They also have a 
longer exposure to lung cancer risk factor due to 
age. In countries with high societal levels due to ur-
banization, the exposure to certain risk factors, such 
as air pollution and smoking cigarette, is higher, and 
therefore, lung cancer is more prevalent22.

In the current study, conducted in 2018, 
18,078,957 cases of lung cancer were recorded in 
both genders. The number of deaths due to cancer 
was 9,555,027, with the highest incidence and mor-
tality of cancer in the world. The highest incidence 
and mortality of lung cancer in the world was in 
Hungary. Also, the incidence of lung cancer in men 
and women is increasing. The highest incidence and 
mortality of lung cancer was in high HDI areas. The 
incidence and mortality ratio of lung cancer in both 
sexes was significant with HDI and its components, 
including MYS and LBE. Studies have shown that 
HDI can be used as a predictor of lung cancer. The 
high life expectancy and the moderate increase in 
life span are the main reasons for increasing LC in 
the regions with very high HDI. Since ageing can-
not be prevented, the risk of developing lung cancer 
cannot be prevented23.

Other notable points in areas with high HDI are 
the increased prevalence of smoking in both gen-
ders, especially in young people. Carbons-hydrogen 
in cigarette smoke is highly carcinogenic. The entry 
of these carbons into the bloodstream, and through-
out the body, increases the chance of cancer in all 
tissues of the body, and in particular the respiratory 
tract24. A higher incidence of lung cancer in men than 
women is not related to gender differences, but it 
suggests a major use of cigarettes by men compared 
to women. The men who smoke a pocket during a 
day are 22 times more likely than non-smokers to 
develop lung cancer. The same amount of smok-
ing in women increases the risk of this cancer of 
12 times. In other words, the risk of smoking ciga-

The results showed that there was a positive and 
significant correlation between the incidence rate 
(R=0.724, p<0.001) and mortality (R=0.702, p<0.001) 
of lung cancer in both sexes with HDI. The results 
based on sex showed that there was a positive and sig-
nificant relationship between the incidence (R=0.629, 
p<0.001) and mortality (R=0.578, p<0.001) of lung 
cancer with HDI. Also, the results in women showed 
a positive and significant relationship between inci-
dence (R=0.674, p<0.001) and mortality (R=0.647, 
p<0.001) of lung cancer with HDL (Fig. 5).

The highest incidence rate (53.7 cases per 
100,000) and mortality (20.9 cases per 100,000) of 
lung cancer were observed in very high HDIs. Also, 
the highest value of LEB, MYS, GNI, EYS, and 
total HDI were estimated to be 79.55, 11.5, 39613, 
16.2, and 0.876, respectively (Table 2).

The linear regression model showed that in-
creasing HDI, MYS, EYS, and LBE expanded the 
incidence of lung cancer, but this increase was sta-
tistically significant only in MYS (B=1.3, p<0.05) 
and LBE (B = 0.3, p<0.05). In the study of regres-
sion analysis, the results showed that growing HDI, 
MYS, LEB, and EYS have increased mortality, 
but this increase was not statistically significant 
(p>0.05) (Table 3).

DISCUSSION

Nowadays, lung cancer (LC) is a health problem 
around the world. One of the reasons for the impor-
tance of this cancer is an increase of more than 20% 
a year, which is a rapid growth for a disease. Accord-
ing to the World Health Organization (WHO), three 
people die every minute because of lung cancer, and 
many people in the future are expected to get sick. 
The poor prognosis of lung cancer (even with advanc-
es in the treatment) and the referral of patients in ad-
vanced stages of the disease are also important20.

In 2012, the number of new LC cases worldwide 
was 1,824,701, of which 68.04% were men and 31.9% 
were women. The number of deaths from lung can-
cer was 1,589,925 deaths, of which 69.1% were in 
men and 30.9% in women. The highest mortality 
rates were in areas with very high HDI, and the low-
est mortality was in areas with low HDI. During the 
period from 1975 to 2010, in most countries, lung 
cancer progressed in a downtrend in men, but has 
raised in women. Therefore, it is expected that the 
LC epidemic will start in women at menopause. 
However, the number of men who die annually with 
LC is much higher than women21. In 2012, lung can-
cer was one of the deadliest cancers in the world, es-
pecially in Southeast Asia. A total of 1,033,881 new 
LCs (71.1% men and 28.8% women) were recorded 
in Asian countries which accounts for 56% of the 
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has been increasing in many middle and lower-in-
come countries. For example, cigarette smoking has 
fallen to 26% in Western Europe from 1990 to 2009. 

rette, which causes lung cancer in men, is more than 
women25,26. Despite the declining trend of smoking 
cigarettes in high-HDI countries, its consumption 

Fig. 5. The correlation between the Human Development Index and the incidence and mortality rates of lung cancer for (A) Both 
sexes, (B) Male, and (C) Female in the World in 2018.
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CONCLUSIONS

With the highest global incidence, motility, and an 
upward trend by 2040, lung cancer has a consider-
able global importance, and the human develop-
ment index (HDI) can be an important factor in re-
ducing the incidence and mortality of patients.

 
Acknowledgements: 
The authors gratefully acknowledge the many 
cancer registries worldwide and their staff for their 
willingness to contribute their data to this exercise.

conflict of interest: 
The authors declare that they have no conflict of 
interests.

REFERENCES

  1. Sadeghi-Gandomani H, Asgari-Tarazoj A, Ghoncheh M, 
Yousefi SM, Delaram M, Salehiniya H. Lung cancer in 
the world: the incidence, mortality rate and risk factors. 
WCRJ 2017; 4: e911. 

  2. Siegel R, Ahmedin Jemal D. Cancer facts & figures. At-
lanta: American Cancer Society, Inc 2013; 362: e1256.

  3. Norouzirad R, Khazaei Z, Mousavi M, Adineh HA, Ho-
ghooghi M, Khabazkhoob M, Nirouzad F, Dorchin M, 
Khazaei S, Vafa MS, Dehghani SL, Shahrouzian A, 
Chaeideh B, Beinranvand R. Epidemiology of common 
cancers in Dezful county, southwest of Iran. Immuno-

But in the Middle East and Africa, the trend raised 
up to 57%. In high-HDI societies, the problem of air 
pollution and exposure to pollutants such as cyclic 
aromatic hydrocarbons, which are environmentally 
carcinogenic compounds, particularly in the elderly, 
there is an increase in lung cancer27,28. In the previ-
ous studies, the positive and direct correlation be-
tween lung cancers with the annual average of dust 
has been confirmed. The average years of training 
and the expected years of training are other dimen-
sions of HDI which had a meaningful relationship 
with lung cancer. In countries with high HDI, the 
level of education and awareness of the general pub-
lic is higher, and thus they have more attention to 
health and avoidance of high-risk behaviors such as 
the use of cigarettes29-32. But in low HDI countries, 
the prevalence of smoking is higher in low-income, 
low literacy, and illiteracy people, probably due to 
their low awareness of the risks of smoking related 
to the incidence of lung cancer. The epidemiological 
studies with the availability of age, sex, ethnic, eco-
nomic, and cultural patterns of a disease in a region 
provide the ability to design screening programs, 
early diagnosis, and treatment of the disease. There-
fore, with the knowledge of the process of lung can-
cer and its high-risk behaviors, including population 
aging, smoking, and air pollution in both genders, it 
is easier to find scientific and effective programs to 
fight this disease33.

TABLE 2. Lung Cancer Incidence, Mortality, and HDI Component in Different HDI Regions in 2018.

Abbreviations: CR, Crude Rate; ASR, Age-Standardized Rates per 100,000; HDI, Human Development Index; LEB, Life Ex-
pectancy at Birth; MYS, Mean Years of Schooling; GNI, Gross National Income per capita, EYS: Expected years of schooling.

TABLE 3. Effect of HDI components on lung cancer incidence and mortality in the world in 2018.



1 1

GEOGRAPHICAL DISTRIBUTION GLOBAL INCIDENCE AND MORTALITY OF LUNG CANCER 

lopment index: an ecological study. ABCR 2016; 5: e30.
 19. Programme UND. Human Development Report 2016. 

http://hdr.undp.org/en [accessed January 2018.[
 20. Khazaei S, Mansori K, Soheylizad M, Gholamaliee B, 

Shadmani FK, Khazaei Z, Ayubi E. Epidemiology of lung 
cancer in Iran: sex difference and geographical distribu-
tion. Middle East J Cancer 2017; 8: 223-228.

 21. Mohammadian M, Salehiniya H, Safari A, Allah 
Bakheshei K, Allah Bakheshei F, Mohammadian-
Hafshejani A. Disparity and trends in the incidence and 
mortality of lung cancer in the world. Biomedical Rese-
arch and Therapy; 5: 2348-2364. 

 22. Pakzad R, Mohammadian-Hafshejani A, Ghoncheh M, 
Pakzad I, Salehiniya H. The incidence and mortality of 
lung cancer and their relationship to development in 
Asia. Transl Lung Cancer Res 2015; 4: e763.

 23. Soheylizad M, Khazaei S, Khazaei S, Rezaeian S. Rela-
tion between lung cancer incidence and mortality rates 
with human development index and its components: 
A global ecological study. Iran J Cancer Prev 2016; 9: 
e3256.

 24. Vossler T, Fisher J, Balekian A. B61 managing lung can-
cer screening and its downstream findings: recent smo-
king cessation is not associated with an elevated risk of 
prevalent lung cancer on initial screening exam. Am J 
Respir Crit Care Med 2015; 191: e1.

 25. Kreuzer M, Krauss M, Kreienbrock L, Jöckel KH, 
Wichmann HE. Environmental tobacco smoke and lung 
cancer: a case-control study in Germany. Am J Epide-
miol 2000; 151: 241-250.

 26. Brennan P, Butler J, Agudo A, Benhamou S, Darby S, 
Fortes C, Jöckel K-H, Kreuzer M, Nyberg F, Pohlabeln H. 
Joint effect of diet and environmental tobacco smoke 
on risk of lung cancer among nonsmokers. J Natl Can-
cer Inst 2000; 92: 426-427.

 27. Humans IWGotEoCRt, Cancer IAfRo, Organization WH. 
Smokeless tobacco and some tobacco-specific N-nitro-
samines: World Health Organization 2007; 35: e2365.

 28. Öberg M, Jaakkola MS, Woodward A, Peruga A, Prüss-
Ustün A. Worldwide burden of disease from exposure 
to second-hand smoke: a retrospective analysis of data 
from 192 countries. Lancet 2011; 377: 139-146.

 29. Farshidi H, Aghamolaei T, Soleimani Ahmadi M, madani 
M, zarei F, Madani A H. Epidemiological study of ciga-
rette smoking among over 15 years old population of 
Hormozgan in 2014. JPM 2016; 3: 29-35.

 30. Edwards R. ABC of smoking cessation: the problem of 
tobacco smoking. BMJ 2004; 328: 217-219 .

 31. Organization WH. WHO global report on trends in pre-
valence of tobacco smoking 2015: World Health Orga-
nization 2015; 35: 235-249.

 32. Sadeghi-Gandomani HR, Derakhshanjazari M, Salehi-
niya H. Cigarette Smoking – a threat to development in 
Iran. WCRJ 2017; 4: e968.

 33. Khazaei S, Mansori K, Soheylizad M, Gholamaliee B, 
Shadmani FK, Khazaei Z, Ayubi E. Epidemiology of lung 
cancer in Iran: sex difference and geographical distribu-
tion. Middle EJC 2017; 8: 223-228.

pathologia Persa 2018; 4: e10.
  4. Howlader N. SEER cancer statistics review, 1975-20. 

http://seer cancer gov/csr/1975_2008/2011.
  5. Jemal A, Center MM, DeSantis C, Ward EM. Global 

patterns of cancer incidence and mortality rates and 
trends. Cancer Epidemiol Biomarkers Prev 2010; 19: 
1893-1907.

  6. Naff JL, Coté ML, Wenzlaff AS, Schwartz AG. Racial dif-
ferences in cancer risk among relatives of patients with 
early onset lung cancer. CHEST 2007; 131: 1289-1294.

  7. Rahimi Pordanjani S, Baeradeh N, Khazaei Z, Goodarzi 
E, Beiranvand R, Alikhani A, Sohrabivafa M, Valizadeh 
R. Epidemiological trend and distribution of prevalent 
cancers in razavi khorasan province during 2005-2010, 
Iran. Int J Prev Med 2017; 26: e358.

  8. Ehteshamiafshar A, Mosavi J, Aram N, Deldar M, Raisi S, 
Goharzadatayi M. Frequency of histopathological types of 
primary lung cancers in patients admitted to hospitals in 
Tehran 1370-1377. J Iran Univ Med Sci 2001; 8: 1-9.

  9. Kumar V, Abbas AK, Fausto N, Aster JC. Robbins and 
Cotran pathologic basis of disease. Philadelphia, 2005; 
32: e3256.

 10. Kang SM, Sung HJ, Ahn JM, Park JY, Lee SY, Park CS, 
Cho JY. The Haptoglobin β chain as a supportive bio-
marker for human lung cancers. Mol Biosyst 2011; 7: 
1167-1175.

 11. Thun MJ, Hannan LM, Adams-Campbell LL, Boffetta P, 
Buring JE, Feskanich D, Flanders WD, Jee SH, Katanoda 
K, Kolonel LN, Lee IM, Marugame T, Palmer JR, Riboli E, 
Sobue T, Avila-Tang E, Wilkens LR, Samet JM. Lung can-
cer occurrence in never-smokers: an analysis of 13 cohorts 
and 22 cancer registry studies. PLoS Med 2008; 5: e185.

 12. Groves-Kirkby CJ, Timson K, Shield G, Denman AR, Ro-
gers S, Phillips PS. Lung-cancer reduction from smoking 
cessation and radon remediation: a preliminary cost-
analysis in Northamptonshire, UK. Environ Int 2011; 37: 
375-382.

 13. Repace JL, Jiang R-T, Acevedo-Bolton V, Cheng K-C, 
Klepeis NE, Ott WR, Hildemann LM. Fine particle air 
pollution and secondhand smoke exposures and risks 
inside 66 US casinos. Environ Res 2011; 111: 473-484.

 14. Kountouri MP, Mammas IN, Spandidos DA. Human 
papilloma virus (HPV) in lung cancer: unanswered que-
stions. Lung Cancer 2010; 67: e125.

 15. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal 
A. Global cancer statistics 2018: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers in 185 
countries. CA Cancer J Clin 2018; 6: 394-424.

 16. http://gco.iarc.fr/today/data-sources-methods. GLOBO-
CAN 2018.

 17. Bray F, Jemal A, Grey N, Ferlay J, Forman D. Global can-
cer transitions according to the Human Development 
Index (2008–2030): a population-based study. Lancet 
Oncol 2012; 13: 790-801.

 18. Khazaei S, Rezaeian S, Khazaei Z, Molaeipoor L, Nema-
tollahi S, Lak P, Khazaei S. National breast cancer mor-
tality and incidence rates according to the human deve-


