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Abstract 
    Background: Lung cancer (LC) is a global public health priority. In this study, the epidemiology and current trends of primary LCs 
were investigated in northeast of Iran. 
   Methods: Demographic and pathologic records of primary LCs during 1985-2012 in Mashhad (capital of northeast of Iran) were 
reviewed. Data were obtained from archives of the largest referral oncologic hospital and the only private outpatient radiation-oncologic 
clinic in the region. To investigate trends, study duration was classified into 3 periods: 1985-1995, 1995-2005, and 2005-2012. Patients 
were placed in one of these 3 groups, based on the date of their pathologic diagnosis. Data were analyzed by SPSS 16 software. T test, 
chi-squared, and ANOVA tests were used for data analysis, and statistical significant level was set at < 0.05. 
   Results: Among 939 cases with pathologic diagnosis of primary LC, male-to-female ratio was 2.36. Mean±SD age at diagnosis was 
61.47±12.01 years in males and 58.45±12.75 in females (p=0.001). Squamous cell carcinoma (SCC) was the most frequent pathologic 
subtype. Mean age at diagnosis and rate of smokers were unchanged during the study (p= 0.978 and 0.153, respectively). Relative 
frequency of leading pathologic subtypes changed in 3 intervals (p<0.001): it was increasing in adenocarcinoma and large cell carcinoma 
and decreasing in SCC and small cell lung cancer (SCLC). There were statistically significant differences in the mean age at diagnosis 
(p<0.001), rate of smokers (p<0.001), and male-to-female ratio (p=0.011) between leading pathologic subtypes. 
   Conclusion: Similar to universal picture, rate of adenocarcinoma in northeast of Iran was rising during recent decades, especially 
among younger patients, women, and nonsmokers. These trends are indicative of changes in exposures and smoking habits and reveal 
the need for regional studies in these contexts. 
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Introduction 
Since 1985, lung cancer has been the most common and 

fatal cancer worldwide (1-3). Despite advances in the treat-
ment of cancers, lung cancers still have poor prognosis, 

commonly due to late diagnosis (1). Epidemiologic studies 
show shifts in the incidence rate of various pathologic sub-
types of lung cancer over time which are attributed to 

______________________________ 
Corresponding author: Dr Pardis Shojaei, shojaeip931@mums.ac.ir 
 

1. Cancer Research Center, Mashhad University of Medical Sciences, Mashhad, Iran 
2. Students Research Committee, Mashhad University of Medical Sciences, Mashhad, 

Iran 
3. Clinical Research Unit, Faculty of Medicine, Mashhad University of Medical Sciences, 

Mashhad, Iran 
4. Department of Community Medicine, Mashhad University of Medical Sciences, 

Mashhad, Iran 

 
↑What is “already known” in this topic: 
Lung cancer is the most common cancer worldwide. Global 
statistics and trend studies show shifts in the incidence of 
pathologic subtypes of this cancer which are parallel with the 
changes of people’s demographic characteristics and smoking 
habits.   
 

→What this article adds: 
During the 25-year trend study of primary lung cancers in 
northeast of Iran, SCC and SCLCs were the leading pathologies, 
but rate of adenocarcinomas and large cell carcinomas were 
steadily rising. Male-to-female ratio of incident cases decreased 
steadily in the study period. Mentioned findings are consistent 
with global patterns.  

 [
 D

O
I:

 1
0.

47
17

6/
m

jir
i.3

4.
17

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

jir
i.i

um
s.

ac
.ir

 o
n 

20
23

-0
5-

23
 ]

 

                               1 / 6

https://orcid.org/0000-0003-3661-6280
https://crossmark.crossref.org/dialog/?doi=10.34171/mjiri.34.17
http://dx.doi.org/10.47176/mjiri.34.17
http://mjiri.iums.ac.ir/article-1-5296-en.html


    
 Epidemiology of lung cancer 

 
 

 http://mjiri.iums.ac.ir 
Med J Islam Repub Iran. 2020 (7 Mar); 34:17. 
 

2 

changes in exposure to risk factors, mainly smoking (1, 4, 
5). Any change in exposure to smoke will be reflected in 
lung cancer incidence and mortality 5 (6) to even 50 years 
(7) later. Other risk factors such as chemicals, air pollution, 
indoor radon, underlying lung diseases, and radiation along 
with genetic susceptibility may also lead to lung cancer (1, 
4, 8, 9). More than 62% of the burden of tracheobronchial 
and lung (TBL) cancers in terms of DALYs (Disability-Ad-
justed Life Years) loss belongs to the developing world. 
This is substantially due to growing uncontrolled tobacco 
epidemic in these countries (3). In contrast, as a result of 
timely and successful tobacco control measures, prevalence 
of lung cancer in the developed world is decreasing or plat-
eauing (10). Lung cancer in Iran is a public health problem 
with poor prognosis (11-13) and high burden (14): TBL 
cancers rank fifth in incidence and third in mortality of can-
cers in Iran (3).  

Cancer surveillance is crucial for designing and imple-
mentation of preventive and control programs (15). Cancer 
registry in Iran dates back to1950s but there was not a sys-
tematic registration program to cover all regions of the 
country until 1984 (15). Pathologic-based cancer registra-
tion has been mandated in the country since 1984, but its 
coverage was low at first years of establishment (15). Dur-
ing recent years, population-based cancer registration has 
been gradually developing and covering the country, but 
previous statistics that are needed for trend analysis come 
from pathologic registrations with deficiencies in data gath-
ering and low coverage (16).  

Mashhad is the capital of northeast of Iran and the second 
metropolis of the country. Most patients with proven or 
doubtful cancer in northeast of Iran are referred to Mash-
had. Population-based registration of lung cancers has been 
conducted in several metropolitan regions of Iran (other 
than Mashhad) since 1990s and trends have been studied in 
these areas (16). With the absence of local population-
based cancer registration in northeast of Iran and shortcom-
ings of available pathologic-based data, especially in past 
years (15, 16), this study aimed to assess the epidemiology 
and trends of lung cancers in Mashhad from reliable rec-
ords. Data were collected since 1985 when the national can-
cer registration program was in its first steps and its cover-
age was just 18% (15). Findings of this study will provide 
information about the profile and trends of lung cancer in 
northeast of Iran during recent decades that have not been 
studied beforehand.  

 
Methods  
In this cross sectional study, available records of morpho-

logically-verified primary lung cancers during 1985-2012 
in Mashhad (the capital of northeast and the second metrop-
olis of Iran) were investigated. Data were obtained from 2 
main referral sources: the largest referral oncologic hospital 
(Omid hospital) and the only private outpatient radiation-
oncology clinic in Mashhad. A record was assigned to each 
patient at first visit and patients’ demographic information 
(gender, age, and history of smoking), diagnostic methods 
(clinical exploration, imaging findings, and pathologic/cy-
tology diagnosis), and treatment measures (radiotherapy, 
chemotherapy, or other treatments) were available in the 

records from the first to the last visit at both centers. All 
records of lung cancers during the study period (including 
patients with proven primary lung cancers according to pa-
thology/cytology reports) were reviewed. Patients with 
proven or doubtful lung metastasis (based on pathology, 
clinical and paraclinical findings) and those without pathol-
ogy/cytology diagnosis were excluded. Information on the 
date of diagnosis, patients’ demography (age, sex, and 
smoking history) and pathology of tumors were extracted. 
To warrant confidentiality of patients’ information, their 
identities were concealed and each patient was assigned a 
code. Pathology/cytology reports were reviewed by 2 radi-
ation-oncologic experts and were adapted to WHO Classi-
fication 2015 (17). To study the trends, patients were placed 
in one of the 3 following groups, based on the date of their 
pathologic diagnosis: 1985-1995, 1995-2005, and 2005-
2012. Data were analyzed by SPSS 16. Chi-squared test, t-
test, and ANOVA (Tukey post-hoc test) were used for sta-
tistical analysis. Statistically significant level was set at < 
0.05 in this study. 

 
Results 
General description 
In this study, available data of 939 cases with primary 

lung cancers in northeast of Iran during 1985-2012 were 
investigated. The mean (±SD) age of participants at the 
time of diagnosis was 60.57 (±12.31) years, ranging from 
17 to 95, and 400 (48.2%) cases were ≥ 65. Of participants, 
660 (83.5%) were male, and male-to-female ratio was 2.36. 
The mean (±SD) age at diagnosis was 61.47 (±12.01) years 
in males and 58.45 (±12.75) years in females (p=0.001). 
Data on smoking (tobacco and hookah) was only available 
in 555 cases, of whom 380 (68.5%) were smokers. Of 
smokers, 293 (76.5%) were male, 276 (73%) reported cig-
arette smoking, and 161 (42%) reported using hookah 
(some patients used both). Data on opium consumption 
could not be extracted from records. Female smokers used 
hookah nearly twice as male smokers: 63 (72%) female 
smokers and 98 (37%) male smokers reported using 
hookah.  

 
Demographic trends 
Table 1 demonstrates the demographic characteristics of 

cases according to their diagnosis period. The mean age at 
diagnosis and smoking rate were unchanged during the 
study period (p= 0.98 and 0.15, respectively). The rate of 
female incident cases increased during the study, especially 
since mid-90s. Rate of female smokers in patients was also 
increasing (Table 1). Figure 1 shows secular trends in the 
gender distribution of the study population and also smoker 
cases.   

 
Pathologic trends 
According to WHO classification 2015, pathologic diag-

noses were categorized into 2 general groups of small cell 
lung cancers (SCLCs) and non-small cell lung cancers 
(NSCLCs), and the latter consisted of several subgroups. 
Frequencies of pathologic subtypes in this study are sum-
marized in Table 2. The majority of cases were diagnosed 
with NSLCs (Table 2). Leading pathologic subtypes in this 
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study were squamous cell carcinoma (SCC), adenocarci-
noma, SCLCs, and large cell carcinoma (Table 2). In 124 
(13.2%) cases, definite pathology/cytology diagnosis of 
malignancy was made, but pathologic reports did not spec-
ify any diagnosis to be adapted to WHO classification. 
Changes of the relative frequencies of common lung cancer 
pathologies during the study period are demonstrated in 
Figure 2. Based on this figure, the rate of adenocarcinoma 
and large cell carcinoma were steadily rising. Demographic 
characteristics of patients with common pathologies are 
presented in Table 3. Special features in cases with adeno-
carcinoma were observed: mean age at diagnosis, male-to-

female ratio, and rate of smokers were the lowest in these 
patients, compared to other common pathologies. More 
than half of cases with adenocarcinoma were nonsmoker, 
while the majority of the patients with SCC, SCLC, and 
large cell carcinoma were smoker (Table 3). 

 
Discussion 
In this 25-year study of primary lung cancers in northeast 

of Iran, there was a male predominance; however, gradual 
increase was observed in the rate of female patients and 
female smoker patients. These findings are consistent with 
global changes in the gender distribution of lung cancer and 

Table 1. Demographic characteristics of patients with primary lung cancers classified by year of diagnosis  
Characteristics Period of diagnosis P value 

 1985-1995 1995-2005 2005-2012 
Number of cases (%) 213 (22.7) 481 (51.2) 245 (26.1) --- 
Gender 
     Male: N (%) 
     Female: N (%) 
Male/female ratio 

 
167 (78.4) 
46 (21.6) 

3.63 

 
330 (68.6) 
151(31.4) 

2.18 

 
163 (66.5) 
82 (33.5) 

1.99 

 
0.0112 

 

Age (Mean±SD1) 60.67±11.74 60.57±12.24 60.49±12.94 0.9783

Smoking history  
      Yes: N (%)    
      No: N (%)    
Smokers: 
      Male: N (%)    
      Female: N (%)     
      Male/female ratio 

 
69 (76.7) 
21 (23.3) 

 
59 (85.5) 
10 (14.5) 

5.9 

 
211 (67.8) 
100 (32.2) 

 
159 (75.4) 
52 (24.6) 

3.06 

 
100 (65) 
54 (35) 

 
74 (74) 
26 (26) 

2.84 

 
0.1532 

 
 

0.1632 
 

1. Standard deviation. 
2. Chi-squared test was used for data comparison. 
3. ANOVA test was used for data comparison.  

 

 
Fig. 1. Trends of gender distribution for all and smoker incident cases of primary lung cancers during the study 
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Table 2. Frequency of pathologic subtypes of primary lung cancers in the study 
WHO 2015 classification for pathologic subtypes Number (%) 
Small Cell Lung Cancers 137 (16.8)
Non-Small Cell Lung Cancers  
   Squamous cell carcinoma 360 (44.2)
   Adenocarcinoma 148 (18.2)
   Unclassified carcinomas 146 (17.9)
   Large cell carcinomas 11 (1.3)
   Carcinomas with pleomorphic, Sarcomatoid or sarcomatous elements 6 (0.7)
   Carcinoids 3 (0.4) 
   Carcinomas of salivary gland types 3 (0.4) 
   Adenosquamous carcinomas 1 (0.1) 
Total 815 (100) 
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smoking habits. Global statistics in 2012 showed that male-
to-female ratio of lung cancers varied from 5.3 in Western 
Asia to 1.3 in Northern America (18). The global male 
predominance in lung cancer is mainly attributed to greater 
prevalence of smoking in men (6). However, the rate of 
lung cancer in women is gradually rising (1, 4, 8, 19-21). 
This rise has begun about 30 years ago in the developed 
world and later in developing countries (1) and is mainly 
due to changes in smoking habits of women (6). Globally, 
smoking epidemic in women has started and peaked later 
than men and its control also would be achieved later. 
Consequently, in many countries where lung cancer in men 
has been dropped (as a result of tobacco control programs), 
it is still increasing or in plateu among women (10, 22, 23). 
Moreover, the rate of smoking among Iranian women is 
usually underestimated mainly due to social stigma (24). In 
addition, using hookah which is popular among Iranian 
women is not usually regarded in epidemiologic studies of 
lung cancers. The reasons for popularity of hookah may be 
its softer smoke, social acceptance, and misinterpretation of 
its safety (25). Besides hookah, other neglected risk factors 

for lung cancer with greater probability of exposure in 
Iranian women are passive smoking (about one third of 
nonsmoker women in Iran are passive smokers) (26) and 
cooking oil fumes at poorly ventilated kitchens (27). Thus, 
it is recommended to study various risk factors of lung 
cancer in Iran with emphasis on women. 

The mean age at diagnosis of lung cancer in this study 
was 60.57 years. Other studies with comparable duration of 
follow-up in Greece and Thiland reported older incident 
ages (21, 28). Median age at diagnosis of lung cancers has 
been 70 years in USA in 2014 (29). In contrast, Study of 
incident primary lung cancers during three decades in India 
reported the mean age of 57.9 years (30). In the present 
study, 48.2% of cases were ≥ 65 years. Similarly, the World 
report of 2002 on lung cancer demonstrated the same rate 
for people older than 65 years in developing countries (1). 
Compared to our study, reports from the developed world 
show older age at occurrence of primary lung cancers (2, 
22). However, monographs from various regions of Iran 
showed both younger (14, 31) and older incident age of 
lung cancers (32, 33). As these studies are not 

 
Fig. 2. Relative frequencies of common pathologic subtypes of primary lung cancers classified by their period of diagnosis  
 
Table 3. Demographic characteristics of patients with 4 leading subtypes of lung cancers in the study 

 
Patients’ characteristics 

Pathology 
SCC1 Adenocarcinoma SCLC2 Large cell carcinoma P value 

Age (Mean±SD3) 63.18±10.64 55.92±12.90 58.91±13.07 58.91±13.94 <0.0014*

Age (Mean±SD3) Male 
Female 
P value5 

63.62±10.27 
61.78±11.66 

0.29 

56.90±13.52 
54.27±11.72 

0.15 

58.22±12.85 
60.31±13.53 

0.29 

60.89±14.48 
50±8.48 

0.34 

--- 

Gender: N (%) 
 

Male 
Female 

273(75.8) 
87(24.2) 

93(62.8) 
55(37.2) 

91(66.4) 
46(33.6) 

9(81.8) 
2(19.2) 

0.0126

Male/Female ratio  3.14 1.69 1.98 4.5 --- 
Smoking: N (%) Yes 

No 
190(83) 
39(17) 

44(46.8) 
50(53.2) 

68(74) 
24(26) 

6(66.7) 
3(33.3) 

<0.0016

1. Squamous cell carcinoma 
2. Small cell lung cancers 
3. Standard Deviation 
4. ANOVA test was used to compare age between pathologic subgroups (*Post hoc test revealed statistically significant differences between SCC and SCLC (p<0.001), 
between SCLC and adenocarcinoma (p=0.032), and between SCC and adenocarcinoma (p<0.001). 
5. T-test was used to compare age between males and females in each pathologic subgroup. 
6. Chi-squared test was used to compare smoking between pathologic subgroups.  
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methodologically consistent, further national studies are 
needed for making a reliable conclusion on the age of lung 
cancer occurence in Iran.  

Age at diagnosis of lung cancer was unchanged over the 
study period. While a similar stable pattern in the last 3 
decades has also been observed in another study in India 
(30), most trend studies during recent decades in developed 
countries show increasing age for lung cancer occurence (4, 
21, 34-38). Older incident age of lung cancer in developed 
countries can be attributed to greater life expectancy and 
population age structure in these areas (1). Additionally, 
preventive measures in developed countries have 
successfully controlled smoking; therefore, most lung 
cancers occur among older people who have not been under 
control programs (1, 2). Unfortunately, in Iran, regulations 
have not been successful to control smoking epidemic (24, 
39). 

In this study, female cases were younger than males. This 
pattern has also been reported in regional European studies 
(21) and its reason is not still clearly understood (22). 
Higher susceptibility of female genes to smoke carcinogens 
may be a reason (40, 41). In Asian countries, nonsmoker 
patients with lung cancer are younger than smoker patients 
(22) and this pattern can explain the younger age of our 
female patients, as the majority of them were nonsmokers.  

The secular shift of common pathologic subtypes in this 
study is consistent with global picture (1, 7, 38, 42) and 
other studies in Iran (33). At the beginning of lung cancer 
epidemic, SCC and SCLC were the predominant global 
subtypes. However, the rate of SCLC has been decreasing 
since late 1980s (43), while adenocarcinoma has been 
increasing (4, 20, 22) and  the incidence of adenocarcinoma 
has even surpassed SCC and SCLCs in some countries (19, 
44). Rate of adenocarcinoma first began to increase in the 
developed world and later in developing and Asian 
countries (22). There are several reasons for the global rise 
of adenocarcinoma. The first reason is the changes in 
tobacco products and consequent changes in people's 
smoking habits (1, 4). With the emergence of low tar, low 
nicotine, and filtered cigarettes in the last 4-5 decades (45), 
people inhaled smoke more deeply which resulted in 
concentration of smoke carcinogens in peripheral airways, 
predisposing them to lung adenocarcinoma (1, 7, 30, 38). 
Decreasing polycyclic aromatic hydrocarbons that caused 
SCC and increasing nitrites in cigarettes (as a contributor 
of adenocarcinoma) are other factors related to the recent 
pathologic shifts (1, 22). The second reason is that the rate 
of lung cancer among never-smokers is increasing (4) and 
never-smokers with lung cancer predominantly develop 
adenocarcinoma (22). The association between smoking 
and SCC and SCLC is greater than this association with 
adenocarcinoma and large cell carcinoma (7, 43). 
Explanations for the rising incidence of lung cancer in 
nonsmokers may be rises in passive smoking, risky 
occupational exposures, esterogen effects in women, and 
exposure to cooking fumes and viruses (22). The third 
reason may be that the required latency period for 
development of lung cancer after smoking is greater for 
adenocarcinoma compared to SCC and SCLC. Thus, 
adenocarcinoma emerges later than SCC and SCLC (22); 

and nowadays, after passing epidemics of SCC and SCLC, 
adenocarcima is in rise. Adenocarcinoma is generally more 
prevalent among females (1, 37) and this study found the 
lowest gender gap in the frequency of this subtype. 

In the present study, among the SCLCs, 74% were 
smokers, while this rate was more than 90% in most studies 
(1). This difference can be due to underreporting of 
smoking history in our patients. Smoking history was only 
based on patients’ self report, which is not bias-free. This 
study only relied on pathologic diagnoses, and compared to 
population-based studies, underestimated the frequency of 
patients. In addition, old pathologic reports were not very 
precise, and in some cases there was not a decissive 
diagnosis. Ongoing National Population-based Cancer 
Registry will provide accurate and comprehensive statistics 
in future studies. 

 
Conclusion 
Study of primary lung cancers in northeast of Iran during 

the last 3 decades revealed growing incidence of 
adenocarcinoma, increasing rate of female cases, and 
female smokers. Adenocarcinoma, in comparison with 
SCC and SCLCs, was more prevalent among younger 
patients, women and nonsmokers. Preventive programs, 
especially ongoing tobacco and hookah restriction 
measures, need to be revised in this area. Also,  further 
studies on risk factors of lung cancers in this region with 
emphasis on women are recommended.  
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