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Original Article 
High risk occupational exposure and family history were 
risk factors in young lung cancer in Chinese
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Abstract: Objective: This study aimed to analyze lung cancer characteristics and risk factors in young Chinese below 
45 years of age. Method: This retrospective study assessed pathologically confirmed lung cancer patients aged 
<45 years between 2000 and 2013. Gender-matched control patients were identified at the internal medicine and 
thoracic surgery departments (non-pulmonary disease) as young individuals without cancer during the same period. 
Results: A total of 420 patients with lung cancer were enrolled, and the control group consisted of 1673 patients. In 
the lung cancer group, there were a higher percentage of males (male to female ratio of 1.31:1); cancer was mainly 
adenocarcinoma at stage IV. Multivariate analysis demonstrated that high-risk occupations (OR: 10.9; 95% CI 3.7 to 
33.2, P=0.004), smoking or smoking history (OR: 9.9; 95% CI 4.9 to 39.7, P=0.005), family history of lung cancer 
(OR: 13.8; 95% CI 6.1 to 22.4, P=0.030) were significant risk factors for lung cancer in young Chinese. Compared to 
collateral relative, the odd ration of lung cancer in first-degree relative (OR: 19.9; 95% CI 7.2 to 35.8, P<0.001), and 
second-degree relative (OR: 3.5; 95% CI: 1.0 to 5.1, P=0.005). Conclusion: The present study demonstrated that 
high risk occupational exposure, smoking, family history of lung cancer relatives, and age are significant risk factors 
for the development of lung cancer in young Chinese.
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Introduction

Lung cancer is one of the malignant tumors 
with highest prevalence and mortality world-
wide, accounting for 13.5% of all tumors; its 
mortality ranks first among many tumors [1]. 
Accordingly, the National Central Cancer 
Registry (NCCR) reported that lung cancer had 
the highest incidence in 2010 among Chinese: 
an overall incidence of 46.08 per 100,000 pop-
ulation (61.86 per 100,000 men and 29.54 per 
100,000 women) was found, with more than 
600,000 patients newly-diagnosed yearly [2, 
3]. In the following year the overall incidence 
rose to 48.32 per 100,000 population [4]. In 
agreement, Beijing Cancer Registry (BCR) data 
indicate that in terms of incidence, lung cancer 
is now the No. 1 in males and No. 2 in females 
of Beijing, China [5]. 

It is widely accepted that lung cancer incidence 
increases with age, with a high rate in people 
≥35 years old as well as in males; Indeed, 

elderly people (50-80 years old) constitute the 
group with highest risk for lung cancer, altho- 
ugh the disease is not uncommon in young  
people (less than 44 years old is the new cutoff 
age segmentation proposed by World Health 
Organization). A great deal of effort has been 
made to assess lung cancer incidence and 
characteristics in young individuals. For ins- 
tance, a British study analyzed the National 
Lung Cancer Audit database and found that 
young patients with lung cancer accounted for 
about 0.5%, with adenocarcinoma cases 
amounting to 48%, a higher rate compared with 
other age groups [6]. Another study in the 
United States investigated lung cancer data in 
1998-2003, and found that young patients 
(age ≤40 years) with lung cancer accounted for 
about 1.17% of the total population [7]. Studies 
in Shanghai (China) showed that lung cancer 
incidence in the young population (<45 years) 
was significantly elevated, with lung cancer 
patients aged 18-45 years reaching 5.275% of 
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total lung cancer cases [8], a higher rate com-
pared with those obtained in other regions of 
the world. The reasons for the unexplained high 
lung cancer rates in young people remain 
unknown.

Smoking, air pollution, exposure to carcinogens 
(such as asbestos), and ionizing radiation are 
known risk factors for lung cancer in the gen-
eral population [9-12]; however, specific risk 
factors for young patients remain under stud-
ied, especially the role of occupational and 
genetic factors. Therefore, we aimed in this 
study to assess the epidemiological and clinical 
characteristics of lung cancer in young people. 
Interestingly, occupational exposure, smoking, 
family history of lung cancer, relatives, and age 
turned out to be significant risk factors for lung 
cancer development in this age group. Our find-
ings highlight the social significance of lung 
cancer prevention and treatment in young 
individuals.

Methods

Patients

This retrospective study consecutively asse- 
ssed pathologically confirmed lung cancer 
patients aged 18 to 45 years (young subjects) 
admitted to either Department of Thoracic 
Surgery (People’s Hospital of Peking University) 
or Departments of Pulmonary Tumor and 
Respiration (Affiliated Hospital of Military 
Medical Sciences) between 2000 and 2013. 
Patients were contacted by telephone to con-
firm the accuracy of related information. The 
case subjects were patients newly diagnosed 
with pathologic lung cancer, had no cancer his-
tory, aged 18 to 45 years, and had the informed 
consent. The exclusive criteria included: 1) age 
more than 45 years; 2) had no cancer history; 
3) missing data more than 75 percentage. The 
control subjects were sex-matched patients 
who admitted to the Departments of Thoracic 
Surgery and Respiration during the same peri-
od with aged <45 years, at a ratio of 1:4. 
Written informed consent was obtained from  
all patients. All information related to patients’ 
privacy and details was strictly confidential. 
This study was approved by the local ethics 
committee. 

Data collection

The data collected included the following demo-
graphic variables, for case and control sub-

jects: gender, ethnicity, age at diagnosis (ca- 
ses) or interview (controls), education level, 
smoking status, and pack years smoked, and 
histological classification (cases only), perma-
nent residence, occupations, smoking status, 
and family history of tumor. Questions regard-
ing these data were addressed by the original 
study investigator.

High risk occupational exposure population 
referred to individuals with exposure to soot, 
dust particles, and toxic gases: cooks, con-
struction workers, teachers, people exposed to 
carcinogens, and miners. Never smokers were 
individuals who reported smoking less than 
100 cigarettes per lifetime. Former smokers 
were individuals who reported smoking cessa-
tion at least 2 years prior to interview. No family 
history was defined as individuals without a  
history of cancer within the family for three  
generations. First-degree relatives referred to 
parents, second-degree relatives to grandpar-
ents, and collateral relatives to uncles and 
aunts.

Statistics analysis

Descriptive data were generated for each vari-
able corresponding to the specific questions in 
the survey. A multivariable logistic regression 
analysis model was employed to identify fac-
tors associated with lung cancer. A stepwise 
approach was used for variable selection in the 
multivariate regression model. Variables ex- 
hibiting a statistically significant association 
(P<0.05) with lung cancer in univariate analy-
ses were further evaluated by multivariate anal-
yses. Two-sided P<0.05 was considered statis-
tically significant. All analyses were carried out 
using SPSS for Windows version 14.0 (SPSS, 
Chicago, IL, USA).

Results

Characteristics of the study population

A total of 420 young lung cancer patients and 
1673 gender-matched individuals without lung 
cancer (control group) were enrolled in this 
study. The main characteristics of the study 
population are listed in Table 1. Study subjects 
were aged 15 to 45 years, with a median age  
of 38 years. About 17.5% of all subjects were 
engaged in high-risk occupational exposure, in- 
cluding 176/420 (41.9%) and 190/1673 (11.4%) 
in study and control populations, respectively. 
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Table 1. Basic characteristics of population
Total

(n=2093, %)
Younger lung  

cancer (n=420, %)
Control

(n=1673, %) P-value

Gender
    M 1222 (58.4) 238 (56.7) 984 (58.8) 0.424
    F 871 (41.6) 182 (43.3) 689 (41.2)
Age
    18-25 788 (37.6) 6 (1.4) 782 (41.3) <0.001
    26-30 271 (12.9) 34 (8.1) 237 (12.5) 0.001
    31-35 315 (15.1) 85 (20.2) 230 (12.2) 0.001
    36-40 456 (21.8) 158 (37.6) 298 (15.7) <0.001
    41-45 458 (21.9) 137 (32.6) 321 (17.0) <0.001
Age, median (range) 38 (15-45) 39 (20-45) 32 (15-45) <0.001
High-risk Occupational exposure 366 (17.5) 176 (41.9) 190 (11.4) <0.001
Smoking history 1341 (64.1) 304 (72.4) 1037 (62.0) <0.001
    Smoking (cigarettes/year)
    Non-smoking 752 (35.9) 116 (27.6) 636 (38.0) <0.001
        ≤100 147 (7.0) 39 (9.3) 108 (6.5) 0.042
        101-400 862 (41.2) 106 (25.2) 756 (45.2) <0.001
        401-1000 260 (12.4) 140 (33.3) 120 (7.2) <0.001
        >1000 72 (3.4) 19 (4.5) 53 (3.2) 0.173
Family historyc 153 (7.3) 112 (26.7) 41 (2.5) <0.001
    Relatives with tumor (n=112)
        Collateral relative 25 (15.3) 18 (16.1) 7 (17.1) 0.02
        First-degree relative 103 (63.2) 82 (73.2) 21 (51.2) 0.502
        Second-degree relative 35 (21.5) 22 (19.6) 13 (31.7) 0.098
cRefers to a history of cancer within 3 generations.

Current smokers or individuals with a 
history of smoking accounted for 
64.1% of the total study population; 
they included 304/420 (72.4%) and 
1037/1673 (62.0%) in study and 
control populations, respectively. 

Lung cancer properties in young 
patients

The 420 young patients diagnosed 
with lung cancer included 56.7% 
males and 43.3% females, indicat- 
ing that males were more affected by 
the disease with (Table 2). In addi-
tion, adenocarcinoma was the main 
tumor type, accounting for 67.6% of 
cases, consistent with lung cancer 
characteristics in the general popu- 
lation. It was followed by small cell 
lung cancer (SCLC), which represent-
ed 12.4%, and squamous carcinoma 

Table 2. Characteristics of lung cancer incidence in the 
young population

Variable Number of 
cases (n=420)

Constituent 
ratio %

Type
    Adenocarcinoma 284 67.6
    Small cell carcinoma 52 12.4
    Squamous cell carcinoma 31 7.4
    Others* 53 12.6
    Mixed adenosquamous carcinoma 15 3.6
    Neuroendocrine carcinoma 6 1.4
    Non-small cell carcinoma 5 1.2
    Uncommon lung cancer 27 6.4
Staging
    I 47 11.2
    II 15 3.6
    III 54 12.9
    IV 304 72.4
*Mixed adenosquamous carcinoma, Neuroendocrine carcinoma, Non-
small cell carcinoma and some uncommon lung cancer type were included 
in the others.
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with 7.2%; together, the other types amounted 
to <7%. For disease staging, the most common 
grade was Stage IV (72.4%), followed by III 
(12.9%), consistent with characteristics of 
insidious incidence and late diagnosis of lung 
cancer. 

Univariate and multivariate analyses of risk 
factors for lung cancer in the young population

Generally, lung cancer is more likely to occur in 
young males than females, and the clinical 
characteristics of lung cancer tend to differ 
among young individuals of different ages. In 
this study, lung cancer rates showed a signifi-

cant elevation trend in young subjects >35 
years old (Table 3). Smoking is one of the major 
causes of lung cancer, and an incidence as 
high as 22.7% was found in current smokers or 
people with a history of smoking, a rate signifi-
cantly higher than that of non-smokers (15.4%) 
(P=0.003). Therefore, the smoking status has a 
significant impact on disease incidence. Com- 
pared with never smoking individuals or those 
smoking ≤100 cigarettes/year, lung cancer 
incidence tended to increase with the amounts 
of cigarettes used; Specifically, cancer inci-
dence was significantly elevated in young indi-
viduals smoking 401-1000 cigarettes/year 
(49.6%). Next, we analyzed the effect of family 

Table 3. Univariate and multivariate analyses of risk factors for young lung cancer patients
Factors Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value
Age
    15~25 Reference Reference
    26~30 19.3 (3.6, 37.2) 0.003 18.9 (3.2, 35.3) <0.001
    31~35 39.7 (9.8, 73.4) <0.001 36.7 (9.2, 69.4) <0.001
    36~40 58.3 (15.7, 89.4) <0.001 57.1 (14.9, 88.3) <0.001
    41~45 55.6 (14.7, 88.5) <0.001 51.9 (13.2, 83.1) <0.001
Gender 
    Male Reference
    Female 1.1 (0.8, 1.9) 0.230 
Occupational exposurea

    General Reference Reference
    High-risk 13.1 (4.4, 39.5) 0.002 10.9 (3.7, 33.2) 0.004 
Smokingb

    Non-smoking Reference Reference
    In smoking or had smoking history 12.9 (5.1, 43.2) 0.003 9.9 (4.9, 39.7) 0.005 
Smoking history (cigarettes/year)
    Non-smoking Reference Reference
    ≤100 0.6 (0.2, 5.1) 0.010 0.4 (0.2, 4.9) 0.010 
    101-400 16.7 (5.9, 21.5) 0.004 15.3 (5.3, 19.7) 0.007 
    401-1000 29.1 (7.9, 43.7) <0.001 27.9 (7.1, 42.6) <0.001
    >1000 7.5 (4.6, 8.8) <0.001 6.9 (4.3, 8.4) <0.001
Family historyc

    No Reference Reference
    Yes 15.7 (6.7, 24.9) 0.010 13.8 (6.1, 22.4) 0.030 
Relativesd

    Collateral relative Reference Reference
    First-degree relative 21.3 (7.7, 39.6) <0.001 19.9 (7.2, 35.8) <0.001
    Second-degree relative 3.7 (0.9, 5.3) 0.008 3.5 (1.0, 5.1) 0.005 
aHigh risk population refers to individuals with exposure to soot, dust particles, and toxic gases: cooks, construction workers, 
traffic policemen, teachers, people exposedto carcinogens, and miners. General population refers to people without high risk 
exposure. bNon-smoking refers to smoking <100 cigarettes or never smoking over the lifetime. cRefers to a history of cancer 
within 3 generations. dFirst-degree relatives referred to parents, second-degree relatives to grandparents, and collateral rela-
tives to uncles and aunts. 
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history on cancer incidence. We found signifi-
cantly higher lung cancer incidence in people 
with relatives within three generations having 
the disease compared with the rates obtained 
for those without a family history of lung cancer 
(27.4% vs. 18.0%, P=0.03). As for collateral 
relatives, the population with a history of can-
cer in parents presented an even higher prob-
ability of lung cancer (41.2%), followed by those 
with second-degree relatives affected (28.6%). 
A relatively low incidence of lung cancer was 
found in younger individuals compared with 
older age groups, and the probability of lung 
cancer increased with age in the study 
population. 

Multivariate analysis revealed five factors sig-
nificantly associated with lung cancer in young 
individuals: high-risk occupations (OR=10.9, 
95% CI: 3.7 to 33.2, P=0.004), smoking or with 
history of smoking (OR=9.9, 95% CI: 4.9 to 
39.7, P=0.005), family history of lung cancer 
(OR=13.8, 95% CI: 6.1 to 22.4, P=0.030), rela-
tive, and age (Table 3). Compared with collat-
eral relatives, the risk for lung cancer in first-
degree relatives was OR=19.9 (95% CI: 7.2 to 
35.8, P<0.001), and that in second-degree  
relatives was OR=3.5 (95% CI: 1.0 to 5.1, 
P=0.005). Similarly, the risk for lung cancer 
significantly increased with age and amount of 
cigarettes used (Table 3).

Discussion

This study found that among young patients 
with lung cancer (<45 years old), males were 
more represented than females; disease inci-
dence was likely to be associated with occupa-
tional exposure, family history of lung cancer, 
smoking status, relative, and age. The risk for 
lung cancer increased with age and amounts of 
cigarettes used. 

Lung cancer is less common in young individu-
als compared with the elderly population. Of 
note, the definition of young patients with lung 
cancer differs according to studies, with cut-
offs of 30, 40, and 50 years old adopted in 
addition to the commonly used 45 years old. As 
shown above, lung cancer incidence showed a 
significantly trend of increase after 35 years 
old. A study conducted by Strand et al. on 1108 
patients aged 20-44 years with malignant lung 
cancer between 1954-1998 revealed a contin-
uously increasing rate in female aged 40-44 

years; this was not the case in males of the 
same age group after 1970 [13]. In contrast, 
Tian et al. assessed 92 patients <40 years old 
who received surgical resection for primary 
lung cancer between 1978 and 1996, and 
found a significantly higher rate in males com-
pared with females (3.38:1) [14]. Our results 
revealed a trend of increase in young females, 
with incidence peak shifted to an earlier age 
segmentation, which requires confirmation 
with a large-scale study. 

Smoking is directly related to lung cancer [15-
17], as confirmed in this study. Randomized 
controlled studies conducted in the United 
States and some European countries also  
confirmed smoking as a risk factor for lung can-
cer in young individuals (<45 years old); mean-
while, the risk for lung cancer in young subje- 
cts with a smoking duration of more than 20 
years was 5 times that of non-smoking popula-
tion. In this study, lung cancer incidence showed 
an increasing trend in non-smoking young 
females. While cigarette smoking is normally 
considered the primary cause for gender differ-
ence in lung cancer incidence. Besides ciga-
rette smoking, higher exposure to other risk 
factors, such as work-related air pollution or 
carcinogens in men, may also contribute to the 
increased susceptibility in men [18, 19]. Bet- 
ween women and men, some differences may 
exist in risk factors for lung cancer. For exam-
ple, passive smoking and household exposure 
were demonstrated to be important causes of 
female’s lung cancer [20, 21]. Moreover, young 
individuals are more likely to experience expo-
sures in high-risk occupations and to carcino-
gens. However, previous studies do not show 
an association between high-risk occupations/
carcinogens and lung cancer in young patients. 
Interestingly, we found smoking and occupa-
tional exposure are important risk factors for 
lung cancer in the young population.

A possible correlation between family history 
and lung cancer is worth exploring. As shown 
above, lung cancer incidence was higher in in- 
dividuals with a history of cancer in relatives 
within three generations than in the normal 
population, and more elevated in patients with 
a history of cancer in the first-degree relatives 
(parents) than in the second-degree relatives. 
These findings suggest a close monitoring of 
young individuals with a family history of can-
cer, in agreement with Coté et al. [22].
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The disease classification used in this study is 
consistent with that of the literature. Kong et al. 
found that squamous cell carcinoma is more 
likely to occur in males, and adenocarcinoma 
more frequent in females. In the past 25 years, 
the proportion of adenocarcinoma in the female 
population has increased by 31.4%, and that of 
squamous cell carcinoma reduced by 25.6%. 
However, adenocarcinoma and small cell carci-
noma proportions were shown to be significant-
ly increased in both males and females [23]. 

Numerous studies have reported that adeno-
carcinoma and squamous cell carcinoma are 
more likely to occur in the young population, 
also in other cancer types [24-26]. Yang et al. 
adopted a cutoff of 50 years old, and reported 
that adenocarcinoma and squamous cell carci-
noma accounted for 52% and 9%, respectively, 
in young patients with lung cancer, while ade-
nocarcinoma accounted for 55% and squa-
mous cell carcinoma for 24% in the elderly 
group [5]. Tian et al. revealed that among the 
lung cancer patients <40 years old, squamous 
cell carcinoma presented the highest propor-
tion among the histological types, while adeno-
carcinoma and small cell carcinoma rates did 
not show a statistically significant difference 
[14]. Yazgan adopted a cutoff of 50 years old 
and found that squamous cell carcinoma was 
most significant in young patients with lung 
cancer (56%), followed by adenocarcinoma 
(22%) [27]. Elci et al. analyzed 912 males with 
lung cancer in Turkey with a cutoff of 45 years 
old, and showed the risk of smoking-related 
lung squamous cell carcinoma significantly 
increased with age, while small cell carcinoma 
decreased; the relative risk of adenocarcinoma 
was not increased. In other words, the risk of 
smoking-related small cell carcinoma is very 
high in lung cancer patients younger than 45 
years old [28]. 

The possible reasons for a high adenocarcino-
ma rate in young lung cancer patients may 
include changes of smoking habits; in addition, 
filter-tipped cigarettes tend to promote finer 
cigarettes which transfer carcinogens into 
peripheral lung, the favorite location of adeno-
carcinoma, thereby inducing lung cancer. 
Furthermore, compared with other pathological 
types, adenocarcinoma induction is easier, i.e. 
it can be induced by fewer carcinogens or gene 
mutations. It has been proposed that the 
molecular phenotype of young patients with 

lung cancer may differ from that of middle-aged 
and elderly patients [29]. However, there is a 
lack of molecular phenotype data in this study, 
due to its retrospective nature. 

Furthermore, numerous studies have revealed 
that most young patients are diagnosed at 
advanced lung cancer stages. Elci et al. adopt-
ed a cutoff of 45 years old and demonstrated 
that advanced lung cancer (III/IV stages) was 
significantly higher in the young population 
than in the elderly group (46% vs. 16.6%), with 
stage I lung cancer rarely found in the young 
population [28]. Yang et al. also reported that 
advanced lung cancer (III/IV stages) was signifi-
cantly higher in the young population <50 years 
old than in the elderly group (72%/47%) [5]. 
Importantly, Wang et al. found that lung cancer 
in the young population was easy to be misdiag-
nosed [30], which might be one of the reasons 
for the late stage lung cancer in the young pop-
ulation at diagnosis, suggesting that lung can-
cer in the young population is worthy of more 
attention. 

This study is not without limitations. For exam-
ple, both lung cancer and control patients were 
from two centers, with a possibility of selection 
bias. Between groups, the age was difference, 
which was the cofound factor for the study. 
Unclear answers regarding some confounding 
factors were obtained in the control group, 
which tends to increase the analysis uncertain-
ty of lung cancer related risk factors, thereby 
requiring a larger-scale, multicenter prospec-
tive study for confirmation in the future. 

In conclusion, we demonstrated that occupa-
tional exposure, smoking, family history of lung 
cancer, relatives, and age are risk factors for 
lung cancer development. This study provides 
clinical information for preventing lung cancer 
in the young population and screening this 
high-risk population. 

Acknowledgements

We are grateful to all study participants and all 
hospital staff involved in the study. The authors 
Jianjie Li, Min Zhang and Fan Yang contributed 
equally to this work. This work was supported 
by the 307 Hospital of PLA Innovation Fund 
(Youth Support Program, No. FC-2014-8, to 
JJL). 



Lung cancer in young Chinese

23656 Int J Clin Exp Med 2016;9(12):23650-23657

Disclosure of conflict of interest

None.

Address correspondence to: Jianjie Li, Department 
of Pulmonary Oncology, Affiliated Hospital of Mili- 
tary Medical Sciences, Beijing, China. Tel: +86-10-
669477163; Fax: +86-10-51128605; E-mail: lijj81@
hotmail.com; Jun Wang, Department of Thoracic 
Surgery, Peking University People Hospital, Bei- 
jing, China. Tel: +86-10-88325952; Fax: +86-10-
88325952; E-mail: jwangmd@yahoo.com

References

[1] Siegel RL, Miller KD, Jemal A. Cancer statistics, 
2015. CA Cancer J Clin 2015; 65: 5-29.

[2] Zhou C. Lung cancer molecular epidemiology 
in China: recent trends. Transl Lung Cancer 
Res 2014; 3: 270-9.

[3] Chen W, Zheng R, Zhang S, Zhao P, Zeng H, 
Zou X, He J. Annual report on status of cancer 
in China, 2010. Chin J Cancer Res 2014; 26: 
48-58.

[4] Chen W, Zheng R, Zeng H, Zhang S, He J. 
Annual report on status of cancer in China, 
2011. Chin J Cancer Res 2015; 27: 2-12.

[5] Yang L, Yuan Y, Sun T, Li H, Wang N. Population-
based cancer incidence analysis in Beijing, 
2008-2012. Chin J Cancer Res 2015; 27: 13-
21.

[6] Rich AL, Khakwani A, Free CM, Tata LJ, Stanley 
RA, Peake MD, Hubbard RB, Baldwin DR. Non-
small cell lung cancer in young adults: presen-
tation and survival in the English National 
Lung Cancer Audit. QJM 2015; 108: 891-7.

[7] Subramanian J, Morgensztern D, Goodgame B, 
Baggstrom MQ, Gao F, Piccirillo J, Govindan R. 
Distinctive characteristics of non-small cell 
lung cancer (NSCLC) in the young: a surveil-
lance, epidemiology, and end results (SEER) 
analysis. J Thoracic Oncol 2010; 5: 23-8.

[8] Zhang J, Chen SF, Zhen Y, Xiang J, Wu C, Bao P, 
Luketich J, Hu H, Zhou X, Zhang J, Yao S, Chen 
HQ. Multicenter analysis of lung cancer pa-
tients younger than 45 years in Shanghai. 
Cancer 2010; 116: 3656-62.

[9] Marsh JW, Harrison JD, Laurier D, Birchall A, 
Blanchardon E, Paquet F, Tirmarche M. Doses 
and lung cancer risks from exposure to radon 
and plutonium. Int J Radiat Biol 2014; 90: 
1080-7.

[10] Hosgood HD 3rd, Song M, Hsiung CA Yin Z,  
Shu XO, Wang Z, Chatterjee N, Zheng W, 
Caporaso N, Burdette L, Yeager M, Berndt SI, 
Landi MT, Chen CJ, Chang GC, Hsiao CF, Tsai 
YH, Chien LH, Chen KY, Huang MS, Su WC, 
Chen YM, Chen CH, Yang TY, Wang CL, Hung JY, 
Lin CC, Perng RP, Chen CY, Chen KC, Li YJ, Yu 

CJ, Chen YS, Chen YH, Tsai FY, Kim C, Seow WJ, 
Bassig BA, Wu W, Guan P, He Q, Gao YT, Cai Q, 
Chow WH, Xiang YB, Lin D, Wu C, Wu YL, Shin 
MH, Hong YC, Matsuo K, Chen K, Wong MP, Lu 
D, Jin L, Wang JC, Seow A, Wu T, Shen H, 
Fraumeni JF Jr, Yang PC, Chang IS, Zhou B, 
Chanock SJ, Rothman N, Lan Q. Interactions 
between household air pollution and GWAS-
identified lung cancer susceptibility markers in 
the Female Lung Cancer Consortium in Asia 
(FLCCA). Hum Genet 2015; 134: 333-41.

[11] Wang X, Ma K, Cui J, Chen X, Jin L, Li W. An in-
dividual risk prediction model for lung cancer 
based on a study in a Chinese population. 
Tumori 2015; 101: 16-23.

[12] Kim CH, Lee YC, Hung RJ, McNallan SR, Cote 
ML, Lim WY, Chang SC, Kim JH, Ugolini D, Chen 
Y, Liloglou T, Andrew AS, Onega T, Duell EJ, 
Field JK, Lazarus P, Le Marchand L, Neri M, 
Vineis P, Kiyohara C, Hong YC, Morgenstern  
H, Matsuo K, Tajima K, Christiani DC, McLa- 
ughlin JR, Bencko V, Holcatova I, Boffetta P, 
Brennan P, Fabianova E, Foretova L, Janout V, 
Lissowska J, Mates D, Rudnai P, Szeszenia-
Dabrowska N, Mukeria A, Zaridze D, Seow A, 
Schwartz AG, Yang P, Zhang ZF. Exposure to 
secondhand tobacco smoke and lung cancer 
by histological type: a pooled analysis of the 
International Lung Cancer Consortium (ILCCO). 
Int J Cancer 2014; 135: 1918-30.

[13] Strand TE, Malayeri C, Eskonsipo PK, Grimsrud 
TK, Norstein J, Grotmol T. [Teenage smoking 
and lung cancer incidence in early adult age, 
1954-1998]. Tidsskr Nor Laegeforen 2005; 
125: 1174-6.

[14] Tian DL, Liu HX, Zhang L, Yin HN, Hu YX, Zhao 
HR, Chen DY, Han LB, Li Y, Li HW. Surgery for 
young patients with lung cancer. Lung Cancer 
2003; 42: 215-20.

[15] Song AV, Glantz SA, Halpern-Felsher BL. 
Perceptions of second-hand smoke risks pre-
dict future adolescent smoking initiation. J 
Adolesc Health 2009; 45: 618-25. 

[16] Papadopoulos A, Guida F, Cénée S, Cyr D, 
Schmaus A, Radoï L, Paget-Bailly S, Carton M, 
Tarnaud C, Menvielle G, Delafosse P, Molinié F, 
Luce D, Stücker I. Cigarette smoking and lung 
cancer in women: results of the French ICARE 
case-control study. Lung Cancer 2011; 74: 
369-77. 

[17] Liu NS, Spitz MR, Kemp BL, Cooksley C, 
Fossella FV, Lee JS, Hong WK, Khuri FR. 
Adenocarcinoma of the lung in young patients: 
the M. D. Anderson experience. Cancer 2000; 
88: 1837-41.

[18] Consonni D, De Matteis S, Pesatori AC, Berta- 
zzi PA, Olsson AC, Kromhout H, Peters S, 
Vermeulen RC, Pesch B, Brüning T, Kendzia B, 
Behrens T, Stücker I, Guida F, Wichmann HE, 

mailto:lijj81@hotmail.com
mailto:lijj81@hotmail.com
mailto:jwangmd@yahoo.com


Lung cancer in young Chinese

23657 Int J Clin Exp Med 2016;9(12):23650-23657

Brüske I, Landi MT, Caporaso NE, Gustavsson 
P, Plato N, Tse LA, Yu IT, Jöckel KH, Ahrens W, 
Pohlabeln H, Merletti F, Richiardi L, Simonato 
L, Forastiere F, Siemiatycki J, Parent MÉ, 
Tardón A, Boffetta P, Zaridze D, Chen Y, Field 
JK, ‘t Mannetje A, Pearce N, McLaughlin J, 
Demers P, Lissowska J, Szeszenia-Dabrowska 
N, Bencko V, Foretova L, Janout V, Rudnai P, 
Fabiánová E, Stanescu Dumitru R, Bueno-de-
Mesquita HB, Schüz J, Straif K. Lung cancer 
risk among bricklayers in a pooled analysis of 
case-control studies. Int J Cancer 2015; 136: 
360-71.

[19] Kachuri L, Villeneuve PJ, Parent ME, Johnson 
KC; Canadian Cancer Registries Epidemiology 
Group, Harris SA. Occupational exposure to 
crystalline silica and the risk of lung cancer in 
Canadian men. Int J Cancer 2014; 135: 138-
48.

[20] Phukan RK, Saikia BJ, Borah PK, Zomawia  
E, Sekhon GS, Mahanta J. Role of household 
exposure, dietary habits and glutathione 
S-Transferases M1, T1 polymorphisms in sus-
ceptibility to lung cancer among women in 
Mizoram India. Asian Pac J Cancer Prev 2014; 
15: 3253-60.

[21] Wang A, Kubo J, Luo J, Desai M, Hedlin H, 
Henderson M, Chlebowski R, Tindle H, Chen  
C, Gomez S, Manson JE, Schwartz AG, Wacta- 
wski-Wende J, Cote M, Patel MI, Stefanick ML, 
Wakelee HA. Active and passive smoking in re-
lation to lung cancer incidence in the Women’s 
Health Initiative Observational Study prospec-
tive cohort. Ann Oncol 2015; 26: 221-30.

[22] Cote ML, Liu M, Bonassi S, Neri M, Schwartz 
AG, Christiani DC, Spitz MR, Muscat JE, 
Rennert G, Aben KK, Andrew AS, Bencko V, 
Bickeböller H, Boffetta P, Brennan P, Brenner 
H, Duell EJ, Fabianova E, Field JK, Foretova L, 
Friis S, Harris CC, Holcatova I, Hong YC, Isla D, 
Janout V, Kiemeney LA, Kiyohara C, Lan Q, 
Lazarus P, Lissowska J, Le Marchand L, Mates 
D, Matsuo K, Mayordomo JI, McLaughlin JR, 
Morgenstern H, Müeller H, Orlow I, Park BJ, 
Pinchev M, Raji OY, Rennert HS, Rudnai P, 
Seow A, Stucker I, Szeszenia-Dabrowska N, 
Dawn Teare M, Tjønnelan A, Ugolini D, van der 
Heijden HF, Wichmann E, Wiencke JK, Woll PJ, 
Yang P, Zaridze D, Zhang ZF, Etzel CJ, Hung RJ. 
Increased risk of lung cancer in individuals 
with a family history of the disease: a pooled 
analysis from the International Lung Cancer 
Consortium. Eur J Cancer 2012; 48: 1957-68.

[23] Kong J, Xu F, He M, Chen K, Qian B. The inci-
dence of lung cancer by histological type: a 
population-based study in Tianjin, China dur-
ing 1981-2005. Respirology 2014; 19: 1222-
8.

[24] Green J, Berrington de Gonzalez A, Sweetland 
S, Beral V, Chilvers C, Crossley B, Deacon J, 
Hermon C, Jha P, Mant D, Peto J, Pike M, 
Vessey MP. Risk factors for adenocarcinoma 
and squamous cell carcinoma of the cervix in 
women aged 20-44 years: the UK National 
Case-Control Study of Cervical Cancer. Br J 
Cancer 2003; 89: 2078-86.

[25] Awadh-Behbehani N, Al-Humood K, Ayed A, 
Memon A, Ali A. Comparison between young 
and old patients with bronchogenic carcinoma. 
Acta Oncol 2000; 39: 995-9.

[26] Kreuzer M, Kreienbrock L, Müller KM, Gerken 
M, Wichmann E. Histologic types of lung carci-
noma and age at onset. Cancer 1999; 85: 
1958-65.

[27] Yazgan S, Gursoy S, Yaldiz S, Basok O. Outcome 
of surgery for lung cancer in young and elderly 
patients. Surg Today 2005; 35: 823-7.

[28] Elci OC, Akpinar-Elci M. The trend of small cell 
lung cancer among young men. Lung Cancer 
2007; 57: 34-6.

[29] VandenBussche CJ, Illei PB, Lin MT, Ettinger 
DS, Maleki Z. Molecular alterations in non-
small cell lung carcinomas of the young. Hum 
Pathol 2014; 45: 2379-87.

[30] Wang T, Ren H, Li Z, Zhang Z, Sun C, Xu L. 
Misdiagnosis of lung cancer in patients under 
age 40-a clinical analysis of 47 cases. Chin 
Med Sci J 1993; 8: 95-7.


